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KOPPEJIfilA BEPXHETO JOKEMBPHA

CORRELATION OF THE UPPER PRECAMBRIAN

B.MK & 1 1 @ p, B.T.K 0opoxes, M\ALCe MK xarToB,
HoM.Yy uwax on (CCCP)

PUQE/ CCCP ¥ BOMPOCH MOCTPOEHWA OBWEW CTPATWTPAQM ECKOW
IIXAJb BEPXHET'O JZOKEMEPUMA

B.M.Keller, VGKEorolev, MAA.Semikhatouv,
N.M.C humakov (USSR) :

THE RIPHEAN OF THE USSR AND THE PROBLEMS OF THE GENERAL TIME-
STRATIGRAPHIC SCALE OF THE UPPER PRECAMBRIAN

1. Two different principles are used in the construction of
time-stratigraphic scales of the Precambrian. Some scales are
based upon the statistical analysis of radiometric data con-
cerning the age of magmatic and metamorphic events. Other
scales are based on the analysis of succession, composition
and relationships of supracrustal rocks and fossils contained
in them. Scales of the second group possess several advanta-
ges: they follow the same principles as the Phanerozoic scale,
are based on stratotypes and provide the geological control
of the interpretation of radiometric data. The Riphean time -
stratigraphic scale which is predominantly used in the USSR
belongs to the second group.

2. Riphean deposits have very wide distribution throu-
ghout the USSR. They compose the basal parts of the Bast Buro-
pean and Siberian platforms covers, are developed in the mio-
geosynclines surrounding the cratons and in the eugeosynclines
of Kazakhstan, Middle Asia and Far East. These deposits, unme-
tamorphosed in the platform and miogeosincline sections, con-
tain rich assemblages of phytolites, akritarchs and (in the
upper parts) Ediocarsc type fauna.

3. The Riphean type section built up by thick (up to
12 km) miogeosyncline succession subdivided into four groups

is located in Mountainous Bashkiria (Southern Urals) Uchur-



Maya succession (Eastern Siberia) is considered to be the
parastratotype. It complements the stratotype significantly
in the paleontological characteristics and foundation of the
boundaries.

4, The lower boundary of the Riphean (1650450 m.y.) has
the historico-geological foundation. It separates the final
stages of the Svecofennian-Karelian (= Hudsonian) orogeny
(i.e. the deposition of the upper molasses and contemporane-
ous magmatic and metamorphic events of 1700+50 m.y.) from the
stage of the formation of the epi-Karelian platform cover and
of the initiation of the late Proterozoic miogeosynclines.
The upper boundary of the Riphean is defined by the base of
the Cambrian, the most important biostratigraphic threshold
between the Proterozoic and Paleozoic.

5. The main Riphean subdivisions phytems - the lower,
middle, upper and terminal Riphean had been originally defi-
ned as sedimentary megacycles in the Urals and Bast European
platform sections. Later on they receive the paleontological
foundation. That resulted in the modification of their con-
tents and time ranges.

Stromatolites are considered as the main paleontological
basis for the time-stratigraphic subdivision of the Riphean.
By means of the complex of geological, paleontological and
geochronological data the four-fold subdivision of the Ri-
phean was established in all the platform and miogeosynclinal
and in some eugeosynclinal sections throughout the USSR.

6. The lower Riphean (1650450 - 1400450 m.y.) is repre-
sented by the clastic (locally with subordinate volcanic beds
and carbonate-clastic successions, which have restricted dis-
tribution on the outskirts of the Siberian and Bast European
platform and in some surrounding troughs. These deposita
(Uchur group of the parastratotype and its equivslents in Si-
beria, Burzyan group of the Urals) have been accumulated in
the isolated basins while the main parts of cratons have been
uplifted. The typical lower Riphean assemblage of stromatoli-
tes includes abundant Kussiella nussiensis, Conophyton garga-
nicum, Con. eylindricus, Jacutophyton, Gongylina differencia-
ta, Nuclella higurata, Omachtent Omachteusis, O, uchurica etc.

7. The middle Riphean (1400450 to 1000-1100 m.y.) is
built up by clastic-carbonate successions with locally develo-
ped 1100-1200 m.y. old basic volcanites (the Yurmatan group of
the Urals, the Aimchan, Kerpyl and the lower part of the



Lanhande groups in Siberia and their equivalents). These de-
posits reflect the transgressions on the cratons and initia-
tions of some miogeosynclines (Yenisey Ridge, Patom Upland)
and usually overlap the older rocks unconformably. The middle
Riphean stromatolite assemblage is characterized by abundant
Baicalia, Tungussia, Jacutophyton, Conophyton metula, Con.
lituum, Con. cylindricus, Con. garganicum, Svetliella accom-
panied by rare, usually endemic forms of Minjaria, Gymnosolen,
Colonnell and other groups.

8, The middle/upper Riphean boundary in the European
part of the USSR is traditionally based on the unconformity
of "Grenvillian" age (about 1100 m.y.), which separates Yur-
matan group and younger clastic rocks, overlain by the beds
with the first upper Riphean stromatolites (Earatan group).
The "Grenvillian™ movements were not clearly pronounced in
Siberian continuous sequences. The main criteria for defini-
tion of the boundary here are paleontological ones. Usually
it is based on the change of stromatolite assemblages within
the Lakhanda group (about 950450 m.y.).

9. The upper Riphean (1000-1100 to 680420 m.y.) is com-
posed of red clastic sediments on the East Europsan platform
and of clastic-carbonate ones in the Urals (ths main part of
Karatau group and its equivalents). In Siberia the upper Ri-
phean deposits have two-fold structure: the lower, mainly
carbonats; part (upper Lakhanda and its equivalents) and the
upper, relatively narrow distributed, clastic, part (Uy group
and its equivalents) which is a member of an orogenic complex
in the Baicalides of south-western Siberia. The upper Riphean
is characterised by Ingeria tyomisi, In. confragosa, Jurusania
¢ylindrica, J. nirvensis, Gymnosoleu ramsayi, G.fureatus,
Miujaria uralica, Boxonia lissa, locally accompanied by rare
baicalias and new forms of comobbytous and jacutophytous.

10. The terminal Riphean (Judoman, Vendomian)(680+20 -
570420 m.y.) in the European part of the USSR is represented
by clastic successions with subordinate carbonate members in
the lower part and the Lapland glacial horizon in the middle
part Uk suite and Asha group of the Urals and contemporanecus
sediments . This marker tillite horizon is recognized also in
Middle Asia and Kazakhsten. The Siberian Terminal Riphean is
composed of carbonate rocks in the north and east (Judoma
group and its equivalents) and of clastic deposits im the
south-western (Taseyeva group). The Siberian and East European



platforms during the Terminal Riphean were for the first time
almost completely inundated. At the same time the uplifts in
some geosynclines resulted in the formation of molasses
(Urals, Yenisey ridge, Baical area). The following stromato-
lies are typical for the umit: Linella ukka, L.simica, Boxo-
nia grumulosa, B.ingilica, Jurusania tumuldurica, J.(?) Judo-
mica, Paniscollenia emergens, Colleniella singularis.

11. The upper boundary and main time range at the upper
unit of the upper Precambrian are accepted more or less uni-
formly by the Soviet geologists. There are differences of op-
pinions concerning its lower boundary in Buropean part of the
USSR, nomenclature and relation to the Riphean.

12. The main time-stratigraphic subdivisions of the Ri-
phean are divided by means of stromatolites and microphytoli-
tes into subordinate units of inter - or intraregional signi-
ficance. The Terminal Riphean is devided by the Lapland gla-
cial horizon into two parts (Eudashian and Vendan).

13. The comparison of the time stratigrafic scales of the
upper Precambrian most widely used in the USSR, USA, Canada
&pd Australia proves that several stratigraphic boundaries
coincide or almost coincide with two or more scales. It shows
the great possibilities to create the global scale for the
upper Precambrian. The Riphean perhaps could be one of the
best models for comstructing such scale since the time-equiva-
lents of its four main subdivisions are established by means
of available palecntological, geochromological and geological
data in the key sections of Australia, Korea, India, Africa,
Spitzbergen, Greenland, .Canada and USA.

[Ips noCTpoeHHMM XPOHOCTPATHUIDPAGUYSCKMX WKAN AOKEMODHF HCIONB3YDTCHA
ABA paBIMUHHX NpMHNMNa. OCHOEOH OZHMX WKAX CIYRHT TAABHHEM 06pasoM
BHI6NIOHA® BTANOB AKTWBHOrD NAyTOHMBMA W MeTAMODPESME&, KoTOpHE pac-
GM8TpUBADTICH KAK 6CTOCTBEHHHEe CTpPATHIrpaduyecKHe H IeoXpOHQIOIHWC-
Kde pyGexu, -HAMOWESMHE COQABMMM WAC/OM MB0TONEHX ATHDOBOK MArMa-
TUYOCKUX M MOTAMODHM W©CKUX HopOZA. [8TH, MoiyvYeHHHE BT OyTeM,
008B0JADT CPABHMBATH STANH TOKTOHO-MArMATHUSCKOH @KTUBHOCTH B pas-
IMYHHX per#oEax. Ocajoysde ¥ BYyIKAHOU@HHN6 CAOMCTHO® TONNH ABIA-
DICH IPM STOM "NaCCHBHHM BANOAHHTONEM™ NPOCTPAHCTHA MOXAYy STANaMK
KyABMUHAOMH TOKTOHO-MAIMATHYSCKOH BKTUBHOCTH M He HECYT ZomolHH-
TeABHOM MEpopMANHM NPM KODPeJANAM M DACWEHOHHM. likemu BToporo
THN&8 0CHOBAHH HA BHAJNMBE OOCIE/OBATOIBHOCTH COCTABA K COSTHOWSHMH



CHOMCTHX EKOMONOECOB H @PIraHMUSCKEX QCTATHKOB M CTPOATCHA BA TeX xe
NpUBENMOBX, Y0 M CcTparMrpafuwckas mgans fanepeses. OHH onupapICsH
Ha CTPaTOTHOH ¥ o0ecneyMBapT HeeOXoZMMHI KOHTDOAH 88 HHTEpNpeTA-
nuell paaMoereexXpoHONOTMYeC KAX AGHHEHX, K mKazaMm sToro TMmA 0THOCHT-
ca crparurpafuuecras mxana pufes (BepxHero npoTeposus), NoXy WMBEAR
npeofuazapmee pacnpecrTpaseHde B CCCP.

BuocTpararpajeueckuit MeT0Z, N0XOECHHHY B 0CHeBYy OOCTPOGHME CTpa-~
THrpagueeckod muxams pudes CCCP, onupaeTcs rIGBEHM 06paBoM HA QuTo-
IUTH @ JMEh B CaMHX BODXS8X DABPesa — HA DTHOTATEM (eCCEOAOTHHX
ZHBOTHHX, OCoG@HEOCTM MCOOALBOBAHHMA (MTONMTOBR OCBOMOHN B 0COGOM
IORAaNe NAHHOI'O COOpHHEA. Yre Kacaercs Metazoa M CI9J0B HX
ENBHOAOATEASEOCTHE, TO yHMKAABHHO MX HAXOAKEM B CpOjHOM H BO PXHOM
pujee npeacraBIADT ceilyac riaBHHM 06pasoM eOmMi#l MEHTepeC Ais BOC-
CTAaHO0BIOHHA JpeBHe#mWX OMOT IeoJ0rdYecKoro mpomaoro. CoBceM WEO®
SHAYOHME MMODT 0THE WTKM GOCCRENOTHHX MHOIOKIETO YHHMX XMB OTHHX, 07—
KPHTHO B BepXHeil JacTH TEDMUEANBHOTO DUped (B BeHze). Mx Haxozxd Ba
Bocrowo-EBponeiickoll naaTdopue, Ba Ypalze ¥ B CHOMDHM NOSBOIADT Io-
BOPHTH 0 GoAsmofl cnenuduEe DANSEHTOASIMYOCKOM XBDAKTBDACTHEA BOH-
78 W ere aHAAOrOB M 0 Oro WHpoKo® Koppeasuuu ¢ OTAOEKGHUAMH, copep-
EAmMMM OpejcraBMTeNedf szmMeKapcKoit fayEH B Apyrux peruosax (Coxenos,
1964, 1968, 1972 u Ap.). BoraTuit KOMOAeKC BuZeB, OTKPHTHR 3 mocaez-
Hee BpeMsa B Baigalickeil cepurm Ea OHexCKoM mpiyocrpese (Keamep,
MeHHGD M 7p., I974; Keamep, QeaeEKME, I976) W BKIDwWDmAE Pteridi-
nium simplex Gurich., Dickinsonia costata Sprigg, pax TpaaO—
GuroMopfHEX 8pTPONOZ, JAMUEHHHX TBOPAOr0 CEOIeTa, H Apyrue Qepus,
HMO6T HAMOOABWOS® CXOACTBO C COOCTBOHHOD SAMAKAPCKAM KOMOJNSKCOM AB-
CTDANMHM M DOBBOJAGT yBEDPOHHOD KODPeAXPOBATH STH 0TJACEEHMA C KBapUM-
raud [layEa. Bce uMenmMecs ZAHHHG MD3BOAADT OpUHATH BHBOZ B.C.Co-
Koxosa (1268, I972) u l.9.Kzayza (Cloud, 1968, 1973).Cormacee aTo-
My BHPOXYy, B CAMHX BeDXAX ZOKeMGDMA NOCJHe CyDOBOTD0 IANASHACKOTD
J6ZEMKOBOTO NepUoza, CIeZH KOTOPOTOD yCTAHOBNGHH NOYTH HA BCEX KOH-
rupeHTax (ymaxos, 1972, I974 ¥ ap.), UMOIA MOCTO0 TDaHAMOBHAH
BCIHMKA BUADOODABOBAHWA, B38TDOHYBHAA DPABIMYHHE KJA&CCH EMBOTHHX.
BonsuuHECTBD BTHX (opM BHMEDID E Haw\ Xy KEMGDUHACKOre NepUOA8.

Ha reppuropuu CCCP oTnoxeHus pufes pacnpocTpaHeHH ypessBHuAiliHO
mApoKo. OHE GopMMPYDT HUEHED YACTH DCAZDYHOTOD WexXZ8 BocToyHo-
Esponeficko#t u CuOupcked maaTdopd M pasBMTH B 00paMIRDEMX HX
MMOr80CHERIMHANAX, Ha BecTouno-EBponeiicko#f nuardopue pudelickue
OTIOXeHMA 06pasywT eCTECTBEHHHMO BHXOZH HA CKA0HaX BaxTHiicRers
WATE M OO0 Dro-8aNaZHOMYy CKIQHY YKDAMHCKOI'0 KDUCTEIIMY8CKOIe Mac-—
cupa, Ha arpoMHHX NPOCTPAHCTBAX OMMTH OHM BCKDHTH MHOT'OYMC/IeHHH-
MM OypOBHMM CKBAXMHAMA 007 G0NEE MOIOJNMM OTHOREHMAMM, OCOGEH-



HO [OJAHH® DABPESH HTOI'0 THNA MH MMOOM B 3anazHoll waACTH NETQOPMH
(Benopyccua, YKpauHa), B oOmapHO¥ MockoBCKo#l cMHeKINse, B PasaHo-
[avenMcKoM Oporu6e ¥ B Boaro-ypanascKo# p6macrT¥. Bo Bcex sTHX paii-
0HAX NOPOZH BEPXHETD A0OKeMOPMA (pu(en) HOBHE WTEAHHO UBMEHGHH M
MHOTZE BaTPOHY TH JMWE HA YAJbHHMA Npolyeccamd snuresesa. C BOCTOKE,
CeBEPO-BOCTOKA W ceBepa BocTouko-EBponelickas nzaTdopua o6paMise T-
CA CRJAAZYATHMA COODyEGHMAMA WIM NOZHATHAMM, B NpeZelax KoTOPHX
H8 0GWADHHX TJIOMANAX BCKPHBADTCA MUOI6OCMHKJIMHAABHEE paspesH
pufeA. i3 HUX 0COOGHHO BAXEH AN HAC paspes ypana, KoTopHR mpuHu-
MaeTcs 8a crpaToTMm pupeilckoidl rpynmu (puc. I).

B npezenax CuGupcKol nisTdopud Xopowo oCHAXEHHHE paspesH pufesn
BCKPHBAEDTCA B CeBEpHOM YaCTH perdoHa Ha COKnoHaX ABHa(apCKoro Mac-
cMBa, B npejenax YzxuHckoro, OnxeHexckoro, Xapayunaxckoro M Typy-
X8HCKOTO MOZHATMH, @ TaKKe B nNpezeax o6mMpHoro ¥ gypo-hiaiicKoro
pailosa. B nocjezHeM DPeruM0HE6 MOXHO BMJ@TH NOCTENSHHNWE JAT6 [3ALHHE
nepexojs TUMNMYHO HaENAMTHHX, OTHOCMTEABHO MAJIOMOMHHX ¥ MeHee MoJ-
HHX paspesoB Yuypo-haicKoli niMTH B GoIee MONEHE , IMNGHHHE Kpyi-
HHX NepepHBoB paspess KzoMo-Maiickore nporuca (puc. 2). Lhougsse
MUADI© DCUHKMHA IbHHE ToamM puyes B CHOUDY oOHaxeHH Ha EHNCEHCKOM
Epaxe 4 B balflkalo-ilaToMCKoOM Haropsé. lipefcTeBMTOJAHHHO pa3pe—
8u pubes (rZaBHHEM 06pasoM ero BePXHMX TOPHBOHTOB) HaGlozanTcH
He nepudepui MPKYTCKOTD aMyuTEaTpPa M BCKPHIH B ©I0 Jpeje.ax
CKBaEMHAMKM. He TAK ZaBHO CTANM MBBECTHH BAXHHE pABPEsH BEPYXHEI'D
AoKemopus Ha Cesepo-BocToxe CCCP.

[naTdopuMeHHEHE 4 MUAOTE OCHHKAWHGIBHHE Toamu puges CCCP GoraTo
0XapaKTepua0BaHN QUTOIMTAMM, COZSPEAT aKpUTApXM, & B camoli Bepx-
HeM yacT¥ - M OpejcTaBMTeNed 3zMaKapckoil GayHd. Ha paze yposHed
OTH TOMNM JATMPOBAHH DPEAMOTEOXPOHONOTAUECKM (PHABHHM 06DP8BOM
K-Ar M6TOZOM N0 TJAYKOHMTY); HAUOOJABLE® KOMMYSCTED TAKMX ypoE-
Hell copgepzaT paspesd OJeHEKCKOIo MOAHATAA # ¥ yypo-MailcKoroe paii-
0Ha (co0TBETCTBEHHD I4 ¥ I5). B GOABUMHCTBE CHy WeEB MMEOMUECH
oudpd 06pasywT npaBMABHHE pAAH, M0 3HA WHUD yOHBADWMe BBEDX N0
paspesy. B HEKOTOPHX PervoHaAX AaTUPOBKM MaruartuuecKAX nopoz (s
TOM Y4CJO [0JY YSHHHE U-Ps u Rb-Sr MeTozamuM) KOETDOJIMPYDOT
97U OUPPH,

9BreoCUHKAMHANbHNG 0TAOXeHMA DAPes WMPORe OpezcraBieHH B
Kasaxcrane, CpesEedl AsMu, HA JilalsHeM BecToKe M B CBDeoGpasHOM
Buze (C OOJBDAM COAEDEAHNEM KapGOHATOB) - B AATae-CagHCKeil oG-
NnacTi, OTH OTJIOXEHMA 00aaZa8WT ropasio Geuee GeAHol u MHOrza cBo—
e00pasHolfl NaneoHTONOTMYEC K XBpaKTeDUCTHKDA, NAOXD 0X8pPaKTepu-
80BAHH PaZU0AOIMYECKM, W N0STOMy MX 00mMee DPacWIeHeHM® M Koppe-
IAQHS BHBHWBENT GONBUME TPYAHOCTH. MCKIDUEHK® B STOM OTHOWEHHM
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cocTasageT paspes CepepHoro Taeb—llaHA, KoTopuit CoZepxAT CTpOMA-
TOIHTH, o0ecneyMBapmMe TeleKoppelandp.

Tunosolt paspes pujes pacnoaomeH B I'opHoll BamwKMpud, I'fe BCKpPH-
TH MOuHENE (Z0 I2 KM) MMOPeOCUHKIVMHAJIBHNE TePPUIeHHO-KapCoHATHHE
TOJMM, PacYJeHANWMECH HE 4 cepUM, YCTaHWBIEHHAH B DTOM pa3pess
o0mas noCie ZA0BaTeILHOCTH OypsAHCKol, npMaTHHCKOR, KapatascrRoff M
8UAECKOH cepuil coMEeHME He PHB8HBEET. [[peMETOM ZMCKYCCHH sBIfASET-
CA JMLE BOBPACT OypsAHCKOK cepuu. TpazumuoHHas €6 JATUPOBKE B
npezenax 1650 ¢ 50 = I400 ¢ 50 maH. 7neT (I'eoxpoHodorus CCCP,

1973) B nociezHee BpeMa ocnmapuBaercA., OCHOBO# zds 2TOro CHYyEAT
HOBHE WS0XPoEHMe Rb-Sr u U-Pb pnpezeJeHds BospacTa NpopH-
BADHMX €6 IpaEuToB BepAAymcCKOro MacCuBa, [0KasaBllde COriacoBaH-
HHO SHAweHMs I560 ¢ 30 mau. xer (Caxmon, Mypuma, I970) u Pb-H30-
XDOHEHE OMNpeZeJeHUA A0JOMATOB CATKMHCKOH cBATH 5To#l cepun

(2650 + 40 maH, 7neT, npezBapuTelbHHe AaHEHEe; Camon, I973).

B orolt CBASM HYXHO ODTMETATE, wwp U-Fb JIETHPOBKA OUPKOHA M
Rb-Sr OOpeZeJeHUA BaJOBHX Npo6 ZoOypsaHCKEX nepozx (Jlysaes,

1967; Tyrapukos H Ap., 1970) zeacpT MaA0BePOATHHM NIPEAN0JA0ESHUE

0 TOM, YTD B0BPACT Gyps3AHCKOX cepuu MoxeT npessmarts 1900-2000 MiH.
ner. CoCTEB CTPOMATOAMTOE M MMEpofMTOIMTOB STOH CepMM nNpeznomEIraeT
66 KOppensndio ¢ HUEHE pUdelickuMM Toamamu CMGHDHM, BO3PACT KOTOPHX

He BHX0ZMT 38 npezean I700 4 I00 - I350 4 maH, AeT. [IpucyTCTEHYDLmMe
B OypeAHCKUX KapCoHATHHMX ToJmax Kussiella kussiensis (Masl,), Co-
nophyton cylindricum Masl., Gongylina differenciata Kom., Osagia
pulla Z.Zhur., Vesicularites rotundus Z, Zhur., Radiosus kussiensis Zabr
WEPOKO M8BOCTHH B KoTyMRAHCKOH, OMAXTUHCKOM M 2PyrMX THIOKUHHX HAE-
EepudelicHMX Touamax CHUOMpPH.

llapacTpaToTunod pudes selaseTcA paspes Ygypo-Malickoro paiiosa,
CymecTBeHHO AOMOAHADNMI CTDATOTUN B YaCTK NAJ6 OHT 0JA0IMuecKoil
XapaKTepUCTUKA, BaxHOCTE: STOr0 paspesa oUpeZeNFeTCA M TeM, YTO
0H - ezMHCTEeHHH{ B CeBepHolt EppasuM paspes, B KOTDDOM Naje0H-
TONOTAWCKH M DEAHOJOrMYECKH JO0KasaHHHE HUxHepHfelicKUe OTIOReHUS
KOHTEKTUPYOT C No03ZH6AHEeOMACKUMN By IKEHODOHHHME MOJ8CCOMAHHMMA
TONmAMM. MEEZY oTuME 06pPAB0BAHMAMM 3ZECH yJCTAHABAMBAETCH CTDYKTYp-
HOe Hecorzacue (3aGpopuH, I966; KoHcranTMHoBCKUiM, I974; Ceunxa-
0B, I974).

C paspesoM Y9ypo-Malickore pafioHa me NaJeoHETON0TMIECHUM, Dazuo-
JOTMYECKHM M OTYCTH N0 HCTOPMKO-I'60J0IMYOCKMM AAHHHM X0pOWO Kop-
penmMp_ wTCA ApPyTIue oNopHWe paspesn Cpezeeil Cudupn - Exucelicroro
Kpaxa, TypyxaBcKoro pallosa, Xapaynaxa, ONeHeECKOI'0 MofHATHs, He-
CKOJIBKO Xyxé -~ AHa80apCKOTo Maccuea ¥ Bailikano-[laToMCKOroe BHarophd.



BuecTo C TOM s0TENBHAA yBRASKA STOr0 PA8pesa C ypalIsCKHM CTPATOTH-
OmoM emp He BAKONYeHA, M HA 9T0T CYET HMEETCHA HOCKOABKD TOYeK Bpe-
Hus (XoMmeHTOBCKMN M Ap., 1972; Keamep, 1973; Homap, I973; Cemuxa-
To8, 1973, 1974, ¥ ApP.).

Bupedan pudeit, H.C.DlaTcknit (I945, 1952, I960) paccuarpusan ero
KaK OTAOXEHHH KDyIHOT® @CTOCTBEHHOIO 9T&NA DaBBUTHA BOMHOM KOpH, Ko~
TOpHH nocnejoBan 38 OKOEUYAHWEM KapeascKoll CEKZIAaAYBTOCTM M 8aBepmUi-
ca Oalikaasckoll. B oGocoGnenuu asrore sramd H.C.laTckuif ocoGue sBHaw-
HAG® NpHzaBal CpaBHNTENBHO~TOKTOHWUBCKOMYy M QopMamy 0OHHOMy &HANHMBAM,
B YaCTHOCTH BHZGNGHUD MONACC, MADKMDYDEAX S8BEDWOHM® KDyNHHX T€ K-
TOHWYS CKEX LUKAOB.

PasBuTue sHAHMU 00 POrMOBANBHOE reoNOrdM K I'6 0XPOHOJNOTHM. JOEeM-
Opds MoKasano, YT0 HA BCEX KOHTHHOHTAX B 06JaCTAX BS8BCPNOEHNX DaH-
HenporTeposolckux craszuarTocTell (CBeKojeHCKe-RADENECRON, I'yASoOHCKoi,
manMocKolty Oy IapeHUZCKOA) M B CMEEHHX BOHAX CTAGUALHHX MaCCHBOB
TOrO BPAMEHM BCJEJ BA KyiAsMdHanuedl merameppusua ¥ MATMaTHBME C BO3-
pacToM okoao I900 MIH, NeT NPOMCXOAMN0 HAKONNGHWE BeCHMA MOKA38TONb~
HHX B (OpMamMOEHOM OTHOMEHMM To W, KOTODPHO MPUYDOYGHH K H30METPHT
HHM HAJNOXGHHBM BOAJAMHAM WIM JHHEE HEM NpUDABIOMHHM NporadaM. 5To
necyaHo~-EOHI IoMepaToBHe, NOHUEO KDACHONBO THHO CepDUM ¥ TECH® CBAsE H-
HH® C HMMM, NpeMMymeCTBEHHD KMCINEe ByIKaHMYeCKMW® (CymeCTBOEHD Ha-
B6MHHE) M ByJAKaH0-ONyTOHMYECKHe 8cCCOLMAaNUM, KOTOPHE 0TDaxzapT BaRimn-
YUTEIBHHE CTAJMM pasBMTHs paHHenporTeposoiickux (afeCuilckux) Cruaz-
YATHX CMCTEM ¥ pACCMATDMBADTCH HAMM KAK M0BAHEOPOreHHHR WX kKoMmo-
mKc (Kemmep, I97I, 1973; Cemuxares, I972, 1973, 1974). PaHee aB-
TopaMy OHID NOKABAHO, YTO ZBHHHNE KeMON6KC HA BCEX KOHTMHOHTAX
GopuupoBaics B OTHOCHTeNHHO yBSEMX BOBPAcTHHX pamkax (oT I850 4
50 ze I700 4 SO mnH, ZeT) W GHI B OOmEM OAHOBPOMEHHHM C I'TaBEHMY
9TANaMY MHTDYBMBHOI'0O MErNATMBMA M CKASAUYATOCTH B NOBJHAX BOHAX
paHHenpoTeposoliCKMX MoABMEHHX MofcoB (MOBAEME Iy ABOHHZH, NOSAHAE
CBOKODEHMAN ¥ MX QHANOIH).

HauGonee spRMMM mMpezcrTasurTeNAMA afeCHHCKEX NosjHeopOoreHHNX
Komnuexcos CesepHoll Eppasui ABAADTCA CyGMoTHMA CRaEZMHABMM, AEMT-
KaHCKAasA cepua [pudaiKansg M yIKEECKO-OMDMHIMECKHS Toumu ¥ Qype-
Maickero paitoHa. /X COOTHOWOHHs C J0KA38HHHM HMXHMM DUjeeM Ha-
0J0ZapTCA TOABKO B NOCAGZHOM ¥8 H3 BRAHHNX D3lloHOB. BAech yIRAH-
CKO-OMPUHANHCKME TONNM, KAK JE6 I'OBOPUIOCH, CO CTIDYKTypHHM HeCco-
Ti8CMOM NEPEKPHBANTCHA TUNMYHO NASTHOPMEHHHMM DCAARAMM y Ty PCRoiM
COLuM,

AHAZOTMYHHA N0 repJOTMYeCKOMy CMHCIYy W BOBpacty pyGex mpe-
KpacHO npociexuBasTcs Ha HaHazckom muTe ¥ B Apcrpaaud. OH pas-
JenAeT OTAOREHMA NaJeoxeiMKds Kapags M KapneHTapus ABCTpAAMM HA
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AB& HKOMOIBECA: JOKAIBHO DPACHPOCTPaHEHHH{ HMEHMM, npepcTaBiAcHHHH
I9BABEGPPOTGEENMY 00DABOBAHMAMM, M WHPe DacHPOCTpaHEHHHN THIMYHO
naa rgopueEEul Bepxanit (Cemuxares, 1972, 1973, I974; Keamuep,
1973). Paccuarpusaemuil pydex paszender zBa8 KpymHelmux stana pas-
BHTHA M, B COOTBOTCTBMM Co Baraapamd H.C.llarcKere, paccuaTpusaer—
CA HAMM KaK HUEHAA Ipanuna pujes. Ero BospacT nmocle o6CYyRABEMS
Ha HOCEOIBEMX CTPATUTpafiyeCKUX COBENAHHAX OLOHHBAGTCH B

1650 ¢ 50 maH, 7neT,

OGo0mas A@HEHW® N0 OCHOBHEM OGOpHHM paspesam CCCP ¥ omupascs Ha
pax nyGuuganpuil (Kemmep, I973; Komap, I966; Maxsau M ap., I975;
Paader, 1975; Coemuxaren, I974; Coroxos, I972; ColoHNoB, AKCEHOB,
1969; Yymaxos, I974; XoumeHToBCEME 4 ap., 1972, # AP.), mMoXHO 1IaTh
CISZyDEyD Ep&TEYD X8 pPAKTEPUCTHKY KDYyOHHX CTpATMUIDagdwecKAX Moz~
pasjeme HUl pUfes. DTH weTHDE MOAPABAGNeHHs7, DACCMATDUBAEGMHE HAMH

KAE nperocucTeMs ((MTeMH), BHAEIAKTCA I'JIEBHHM 0GDasOM HA 0QCHO-
BSHMM B6DTHREABHOT0 PACUPOCTPAEEEHMA X8 PARTODHHY KOMONSKCOR QUTO~
AUTOB,

HuxBuit pudef (I650 ¢ S0-I400 ¢ 50 MIH. Z8T) Npej[CIABIGH TOppH=-
TOHHEHME (MOCTEMH C NOZUYMHOEHHMA BYJIKAHHTAMH) M TepDAreHHO—Kap—
OeHATHEME DTIOXOHMAMM, K0TOPHe DBCOPUCTPAHOHH @rpaHMYsHHO N0 0K~
pansaMm CHOEpcEait m BocrouHe-Esponeiickoft namaTdopy R B HEKOTODHX
00peMISOAMX MX OporuMdax, DTH 0oTHOEOHMA (yWpOKAs CODUA M 66 aHA~-
Zors 3 CuGupH, OypBEHCKAR CEpHA YpAZA) BAKQOMAMCE B M3 0UHMDOBA HHHX
gacceflBax B YCIOBHAX OCMOI'S BHCOKOI® CTOAHHs nIaTHopum. Tumd wEul
Ala HNXEOr0 DHJes EKOMIIOEC CTDOMATONHTES BEIDUEET MAcCeBHE Kussi-
ella kussiensie, Conophyton garganicum, Con. cylindricum, Jacutophy-
ton, Gongylina differenciata, Nucleela figurata, Omachtenia uchuriea,
0, omachtensis,lM CONyTCTByeT XapaKTeDHAA ACCONAAIMA MEKDOIMTOIMTOB
(Eypasass, 1964, 1968),

Cpezunit pudeit (eT I400 3 50 Ze I000-IIO0 wuH. ZeT) NpeJCTABASH
TepPHIOHEG-KADGOBATHHMA TOIMAME, MOCT&MHM B8KIDUBDNMMA O0CHOBHHE
ByAKSEMTH C BospacteM II00-I200 maH. zer. Cpeamrit pufeR oCEM-
NMa8T DPMATHHCEYD COpMw Ypana, 8MMUYSHCKYD, KOPIHIBCKYD H EAEHDD
YACTH JAXRHZMECKOM copuu CHSMpE M MX aHalord. 9TH OTIOXOHHA 0T=
pazapt TPaHCrpeccHM HA NaaTHopMb, B8N0E6HME DAZA MAOIS OCHHKIMHS-
nefl (Emmcedickafi kpAx, [laTuMCK0e HAr0ps6) ¥ OOWUHO BAJETamT Ea
GeZee APeBEAX 90Pas9BAEMEX HeCOIIACHO. XapaKTepHult cpezHepudel-
CE4{l KOMOESKC CTPOMAT QIATOB PEADTA6T MACCOBHe Baicalia, Tungu-
ssia, Jecutophyton ramosum, J. multiformae, Conophyton metula,

Cone cylindricum, Con. gargenicum, Con. lituum, Svetliella,
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KOTOPHM COMyICTBYDT peAKMe, OCHYHD DHASMAUHHe (Jopumd Minjaria,
Gymnosolen H HOKOTODHX ZPyIMX Tpyaon., B CJ0AX C STHMMA
CTDOMATONMTAMM OOHYHO COZGDXHTCA TaK HABHBAGMHU [ KOMINOKC MUK-
poduTomMTOB,

Tparuua cpepHero ¥ BepPXHeTro pujes B esponeickoft wacru CCCP
TpazULMOHED OPOBOAMICA N0 HECOTJAaCHD "rpeHBHIALCKOrO" BospacTa
(oroxo IIO0 MAH, IeT), OTASNADMEMY DDMATMHCKYD CEDHD 0T BHmE-
NeEamuX TePPUTOHHHX TOJN, KOTOPHE NOACTMIANT CJA0M C IEDBHMM
B6 pxHepudeilcKUMM CTpOMAT pauTAMH (KapaTAaBCKaf cepHs). B caGMpCRAX
He pe pHBHHX DuBpesax CAezd IPeHBMIABCKUX ABMEEHMA YeTKO HE BhH—
paEeHH, I'IaBHHM KDUTEpDUeM NPOBeZeHUA Z8EHOH rpaHANH 3Z6Ch ABIA-
@TCH NaleoHT0J0IMYecKMdil, OOHUED €6 060CHOBHBADT CMEHOR ZBYX
KOMOZIE KCUB CTPOME8TOIMTOB, NPOMCXOAANEH BHYTDHM IaXaHZMHCKOHE Cepuu
u ee asaxmoroB (oxoxzo 950 (I000) + 50 mEH. 76T).

Bepxuuil puge#t (or I000-II00 Ao 680 4 20 MIH, I8T) npezcTaBIeH
Ha BocrouHo-Epponeilckoft nasTgopMe KpacHoLBeTHHMA 0GZOMOYHHME,

a BB Ypale - TeppATEeHHO-KEPOOHATHHMA OTI0REHUAMM (Uﬁnmaa 9acTh
KepaTaBCKoOM cepud U ee asanerd). B CuGupu pepxHepufeitckue oTao-
EEGHHA MMEDT 7By WieHH0e CTPOGHME: CYWECTBEEHHO KApPGOHATHHE TOJmM
BHMSy (BepXHENAXAHZMECKME OTIOEOHHA ¥ WX 8HBJOTH) M BHADITEALHD
y&e pacnpocTPaHeHHHe, NPEMMyuECTBEHEO TOPPMTEHHHO TONMM BBeDXY
(ylickas cepud M ee snaiord). B pape paitonoB Kmuodt Cudupu oTiac-
KGHHMA BEPXHMX TOPUSODHTOR BepxHero pudes BXOZAT B COCTEB OPOTEH-
Hore KoMnuekca Gailkamuy (KauTue M zp., I970; NocreassdkoB, 1973).
Ilas BepXHEro pudes TUNMYEH CreAyOmMil KOMIJNEKC CTDOMATONMTOB: In-
zeria tjomusi, In. confragosa, In. djejimi, Jurusania cylindrica,
J. nizvensis, Gymnosolen ramsayi, G. furcatus, Minjaria uralica,
Boxonia lissa. JraM JopMaM CONYTCTBYDT DenkMe Gatixenmm, KOHOIM-
TOHH A AKYTOMTOHH, NpeNCTABIEHHNE HOBHME (ODMAMI,

Tepuunanciuit pudeli (opoMuit, semmommit) (680 % 20-570 + 20 MaH.
neT) Ha BocTouHo-EBponelicRoldl nmarfupume M H8 Ypale NPeACTABIEH npe-
HMyWECTBEHHG TEPPUPEHHHMM OTIOKS HAAMM, KOTODHM BHMBY MOAYMHEHH
KapOoHATHHG TOPUBOHTH (yKCKas CBUTE M SHMHECKAS Cepum ypara # UX
SKBUBANIGHTH), B HauGoJee NONHHX paspesax TepPMUHAINBHOr0 DPUPes BTo-
ro peruoHa B CpezHeR wacTM OpucyTCTBYeT IANAAHACKMIl 16 ZHMKOBHH
TOpMBOHT, MapKupyom4#i ropusoHT THIIATOB, CODTBEETCTRYWmUR Jan-
IaHACKOMy, pasBMT Takze B CpezHelt Asuu u KasaxcraHe (Yymaros,
1972, I974). B CuCupu repmmHanxpHH pudeldl npejcrasieH KapPOOHATHH-
MM QTAQEGHWAMM Ha COBepPe M BOCTOK6 (NAOMCKAH CBMT2 M €6 SHAJNOTH)
M TePPUTEHHHMM HA pro—sanalne (TaceeBCKEA COpUA M OCTPOBHEA CBH-
T4 M OZHOBOBPACTHHE MM ToJmM). Ha BooTowo-Esponefickoit M Cutup-
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ckolt naaTdopuax B TEPMHHANBHOM pUdee pasBMBANACEH TPAHCIPECCHi,
KOTOpas BNOPEHe NpUEENA K NOYTM NOJHOMy MX BaTomjeHMp. B HeKo-
TOPHX I'60CHHKIAMHAJNEBHHMX NPOIrUGAX B T0 ®e BPOMA [P0iiB0WID BOB—
ZHMaHMe , NpUBEALEs K (opu4poBaHMD Modacc (Ypaa, Enucelickuit Kpax,
Bailkalsckan 06I8CTH). A TEPMAHANBHOrO pAfes xapaKrephH Linella
ukka, L.simica, Tungussia bassa, Boxonia grumulosa, B.ingilica,
Jurusania tumuldurica, J.(?) judomica, Paniscollenia emergens,
Colleniella singularis W ‘OpyTHe CTDOMATOMUTH, a B BePXHEH dacTh
HallIeHH MHOTOIMCJNGHHHE Metazoa, CDIM KOTODHX MOXHO yRA3aTH Taxue
XapaxTepHse fOpMH, Kak Pteridinium simplex, Dickinsonia costata,
Vendomia menneri u gpyr#e. OYeHE MIDOKO PACHPOCTPAHEHH B OTIORE—
HUAX TepMUHANBHOTO pafes mmxpofuromurH IY wommnexca (Eypasmes,
1964, 1968),

B npepenax pugelickux @ureMm (npoTecucTeM) C NOMONED CTPOMAT -
JMTO0B M MMKDPOQMTOZMTOB yZA€TCH HAMETHTH NOZUWHOHHNE CTpaTUrpa-
fuvecKMe MpAPASASNeHUA PETUOHANEHOTD MIM MEXDeTMOHANBHOTO BHA- °
yeHUAs (TOPUBOHTH M NOZWHOHHHe MM caoM). lX oGocHOBAEWEM Cly-
X8T OnpezeneHHHe acconMauuu fepM M, B HEKOTOpPHX CHydYasx, Tpymn
aTUX MCKonaemux (cM. craThp Bia. A.Komapa M C0aBTOpOB B HACTOA-
LEM COODPHUKS).

KapGoHaTHHe Toamy CO CTPOMATODJMTAMY ¥ MUKpPOGMTOAMTAMN CO3Aa-
0T KaK O 0CHOBHO¥ Kapxac jiA BHAeNeHMA M Koppeianud QaTeM M UX
nozpasze nennil, Haivwme B pudee CCCP MHOroWMCAeHHHX T@PDPUIeéHHEHX
TOJMu NOPOEAaeT DA TPYZHOCTEH HA B3ToM ONyTH. B 0COGEHHOCTH 3T0
OTHOCHTCA K BODXHOMy Z0KeMGpip BocT oudo-EsponeificKoll naaTdopuu,
nNpejiCcTaBI6HHOMYy IJaBHHM 00pa30M TeppUreHHHMM 0TI0XeHHWAMH, Cy-—

e CTHOHHO Te@PPMIEHHHe TOMMM TEPMMHANBHOTO puden Ha Pycckoli

nAMTe M Ha Ypaie ZeAATCA HA ZiBe YACTH N0 NOZOEBE JamIdHACKOTS
JeZHMKOBOTO TOPUBOHTA, HMUXHAR YACTH TOPMUHENBHOIO DPUjen HA BBAHA
87I8CHh HyzamcHKUMU caoaAMu (Heamep, AKCeHOB M AP., 1974), 8 BepDXHAA
WMpOKD MBBECTHA mox WMeneM BeHpaa (Coroxos, 1964, 1968, I972).
PazoM ucciezosaTedelff MMeHHO BeHZ, 8 He TepDMAHANBHHM pUfedk BuzBA-
raeTcsi KaR TJaBHOe BepXHee Hozpaszeienue noxemopusa (Coxexos,
1972; Xomerroscruit, I974, u ap.).

B saKnpueHMe KDATKO OCTAHOBAMCA H8 CDAaBHEHHMM HauGoJaee ynoT-
peCUTe IbHHX CTpaTUrpady YeCKMX WEAX, NPOANOEOHHNX AJA BepXHeH
yacTH foKeMmGpua., K MX wmciay 0THOCATCH WKAJH NpoTeposos ABCTpa-
a4y ( Dunn et al., 1966; Compston, Arriens, 1968) ¥ Kemagu
( Stockwell, 1964.19?2;1:"@63 CCCP M mKaza ZOKeMODUA I'6eADTHIEC—
Koll cayx6n CUA ( James, 1972). [IlepBHe TpM M3 HUX, K8K yEe 1107~
e pKABanoce B neward (oM. Keamep, I973; Cemuxaros, 1973), no-
CTPOGHH Ha CTpaTWrpadiyeCKOM npuHNANE, a8 YeTBEPTAR - C yUSTOM DTO-
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0 NpuHuMna. AHGNLB NONOEEHYA M 0COCHOBAHWA BAXHO MNMX Ipa HAN, MC—
NoABSyEMdX B DTHX WKAI8X, JOEKJAET, UTO DAA IPaHMN SBAADTCH 0OMM-
MM MuM GAMBKAMY JNA ABYX MIM GoXNee mEAIX,

Tpanvna pugen ¥ Aopudes CoBETCKOM WKANH N0 CBOOMY I'® DNOTH W CKo-
My CMHCIY W BOBpDACTy BechMa8 OJAMBKE K rpabune Mexjy AoKeMGpdeM X
¥ Y weauu CEA, a B Ascrpanuu uiam Kasaze el cooTReTCTByDT pyGexe
BHYTDH K8DLGEHTADUA ¥ OaA60X6AMKMA, 0TPAEEDNHEE CMOMy SAKIDYHTelNh~
HHX cTazall pasBMTUA NOZBMXHHX N0ACOB EQedds (paHHero OpOTOPesed)
HAUAJZOM BTANG JOPMMPOBAHMA NIATPOPMOHHHX YexXNeB. B ancTpamaiickoft
¥ Kasaackoll mxkazax QurypupyeT rpaHdna, BechMa GAMBK4E HAN COOTBET-
CTByNEAA Nozeomee cpepsero pufes. Tax me xag B CCCP, oHa commagaeT
B ABCTIpAIMM C BPOMGHOM B&N0OEOHMA DAA8 MMOreoCHHKIMBaIe#, & B Ce-
BOpHOW AMODUKO® — C BNBCOHCKMM AMACXUBMUCOM, SHOPOI'OHHHM MATMA THBMOM
W, BAZEMOD, C SANOXOHWOM MHOTS0CHHKAMESAM CREAMCTHX I'ep. ABSIOTHT-
HO SToMy B wKane Kamapw u ABCTpaIMH cymecTByeT pydex I000-II00 muE,
ner, oTBewom#t TpenBMINECKOH "oporeHsH™ (zuacxusucy). OfHeBDE-
pacTHo# py6ex yacTo NPUHMMEOTCS B8 IPAHULY CPeZAHeTs U BepxXHers
pudes B CCCP. TpyaHee HailT¥ 88 pyCexeM I'paHMNy C BOSPacTOM OKeXd0D
950 umnH, m8T, cooTBeTCTBYDEYD B CuCUpM cMeHe cpezHepufefickero Komn-
JeKca CTPOMATOIMTOB BepxHepPA(GeMCKHM KX KoMoZexcoM. OHa ylaBiuBa-
arci 88 npezenamd CepepHoit Erpasuu, B Hopee, u HaMeuaeTca B ABcTpa-
J#a 1 3 CIA - B Tex paspesax, B KOTODHX MH MMEeoM Z0CTaTouHYyD m-
JIGOHTOJOTHUE CKYyD X8 DAKTODUCTHURY.

Hamuyue oOmAxX WAM GAMBKMX IPEHAN B HAKOOASe NONYIAPHHX WESJNSX
BEPXHETD Z0KeMODMA TPeX KOHTMHEHTOB O0TKPHBAET pealbsHHe NePCOeR —
TUBH A4A CO37@HMA II00albHOM mEaIH B6PXHEro ZOoKeMODMA. [Io Hamemy
MHEHWD, Duded Mor OH OHTH OZHOR M8 Xy WMMX Mojelel zAa moCTPOGHMA
TaKe#t mKAJH, TAK K&K SKBUBAJEHTH Or0 YeTHPeX IJABHHX Nozpasgexe-
Hi}l ¢ DOMONMBD Najie0HTOJOTUUYSCKAX, Ie0XPOBCNOIMYECKUX M I DJI0TH
YOCKUX JAHANX yCTe HABAMBADTCA B ONOPHHX paspesax Ascrpamun, Ko—
veu, Meguu, Afpuxu, [nuudepreHa, I'peHnsupuu, Kamags u CIA ¥ mo
CymecTBy y®6 Celid@C MOryT pacCMaTDUBETECA HEK MOKK@HTHHGOHT8IbHHO
crpaturpaduueckue exMHMIH,

JUTEPATY PA
bexrxkep W.P., 1968, lusaHezoreMopuitckan Mozacca DxHore Ypaza.
L., "Hezpa™.
Teoxpononords CCCP, I973, Tom I, Zoxemcpuit, I., "Hezpa",
AlyHae3s B.A., 1967, HexoTopHe AONOABMTEIEHHE CBOASHHA 0
uarueTdsMe B TAparamnckoil CBMTe N0 ABHHHM Rb=-Sr  MeTozs .~

B kH,: MuHepalN M3BEPXeHHHX TOPHHX NMOpoz ¥ pyA Ypema., L.,
"Hayka'.
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Eyp

8 3a60638 B.A, I94. OBRoMHTH ® RaTarpadum pufes ¥ HMX-

Hers meMOpEs CHOMpE M BX crpararpaduwckoe sEHawWHMe. - Tp.
TUH AH CCCP, ®mm, II4., M., "Hayxa®",

Iyp

asxe3sa B.A., 1968, JuarsecTMYeCKM® NPHSHAKM OHKDIN-

To» ¥ Eararpadudl W pacnpeZeueEMs KX B paspese pudes Ypa-
8, = Tpo I‘"H ‘n CUGP‘ BHH. 188. H-, -E.,“.c

3ad

poanE B.E., I966., OcoGeHHOCTH DAaBBMTHE BOCTOYHOM Wac-
™M AXZAHCKOrD WMMTA HA DAHHMX 5TAnax (HOPMHPOBAEHE 6ro Yexaa.
"Hss. AH CCCP, cepus reex.", ¥ IO.

Zep B.M., I97I. Puell u ero mecTo B eauHOM crparTurpadm-
yecKol mgane aexemépus . - "CoB. reoxerua®, Mk 6.
aep B.M., I973. TexToHAYeCKaA MCTOPHA W Qopuanue Bepx-
Hero ZioKeMOpus. — "Hroru HaykRM. Cepua oOmas reoxersa”™,

T. S
e p BMey, ARCOH OB EMe, KOpoae 3 B.T.,
Epuazos HHy PosaBes AN.,Ceunxa-
93 M.,A., Yyuakx o3 H,M., I9?74. Bengouuii (rTepuu-
HEA OBHHM pudeld) H ero perdoHalbHHe NoAPaszeReHEs. - "MTe-
T4 Baykd. Cepua cTparurpadus ¥ naneoHTOIOIHA", T. S.
n1ep B.M., MoEHHEep B.B.,CTenahios B.A.,
1974, HopHe HaxXoRM Metazoa B BeHAoMMM Pyccko#l nzardoep-
Mu.~- "iiss. AH CCCP, cepus reox.", k I2.
16D BeMey CeMuxaro3s M,A., I968. OnopHde paspe-
8H pHjes MaTepHKes, =— "Hror® Baykxu. Cepus cTpaTurpadus
d DaneoHTOAOrMA", BHO. 4. M., BUHUTH.

e p B.M., e 2z 0HE ®HE M,A., I976. HoBHe Haxezgu
Metazoa B Baxjailckoit cepum PycckoM maardopums. - “dsB.
AH CCCP, cepus reoa.™, M 3.

*THH KAoylaszaonsa TJTe,I0CTONBEMKODBE
E.C., I970. Ballramups mro-socTora Cu6upn. - Tp. TUH
AH CCCP, BEm. 2I9. M., "Hayka".

8 p B.she, I966. CTPONEGTOMUTH BEDPXHOIOKEMODPHHCKUX DTIO0-
=zeHult cesepa Cuéupckod mmaTdopmu M ux crpaTurpaduweckoe
ssaweHue. - Tp. TWH AH CCCP, Bum. IS4, M., "Hayka".

ap B.A., I973. HoBue ZaHHHe 0 Roppeasnui pudelcKEx
oTHoxeBuil OxHoro Ypama M CuGupd. - "Uss. AH CCCP, cepus
reea.", k I0.
cTAaHTHHOBCKHGR A.A., I974, JyIRaHCKEE M OHImR-
GaHCKUEl cpezEenpoTepoaoiickue rpadeHs Dro-BOCTOKE CnOnp-

cHo#t nuardopus. - "Wss. AH CCCP, cepus reoa"., M 4.

o163 B.T., 1972, JioReMOpuit, — B KH.: I'eannrm CCCP,
Tom XXy. Huprusckas CCP. M., "Heapa".
z038 U.H., 1975, Crpouazomurs pudes i q;anepnénn CCCP.-
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Y.0.0a p ur (Kasaga)
NAJEOMATHATHAA KOPPEINfLMA PUOER CEBEPHOU AMEPMKH

W.F.,Fahrig (Canada)
PALEOMAGNETIC CORRELATICN OF THE RIPHEAR OF NORTH AMERICA

Nlepsuil cywecTBOEEHH! BKAAA B Nal6OMArHMTHYD KOppeaamun pi-
feilickux oTaoxeHui CemepHoil Amepuxd BHec Jlnéya B I9%62 r.,
EOT7)@ 0OH N0oKasalx, Yo B MOPoZax cepud KuBmHO (B0OBDACT OKO-
a0 II00 mnH, Zer) B palioHe 08.BepxHero npucy TCTByeT ezu-
HafA rAaBHAA B0H8 00paTHOM HAMATHNYeHHoCTA. C 66 MOMOmEBD
CTAaI0 BOBMOEHHM KODPeIMPOBATH COBEDNEHHD HE CBR3QHHHE
MOXJly CO60{ KMBAHOYCCKME BYIKAHWTH W 0CAA0YEHE MOPojH. B
TO X6 CamM0e BPEMA OH OPeANOI0XAN CyNecTBOBAHME ©oXbmoit
neTHM H8 KPABOH CMemeHWs noxwca aig Cepe pHe#l AMepurM, [o—
clejyomue padoTH HazexH0 (MKCHpPOBANM BTy NeTJaw, M OZHA M3
TAKMX QMKCHDyDmUX TOYEK COBJAJA8 OCHOBY AJg NOPBOT'0 CEBe pe-
8MEepUKAHCKOTD MATHATOCTpPaTUrpafudecKors KETepsaza - Mak-
KeH8M, 9T0T METEDBAXN NpeJCTABIAAST COO0H KBABHCTATHYSCKMH
nepuoj CMENEHMA MATHMTHOTO noapca CeBepHO# AMEPHKM M 0X-
B4THBAOT HECKOJABKO JGCATKOB MMINAUOHOB 6T, B T6 YoHHe KOTO—
pHX 3eMJA COXDAHANS HODMAABHEYD MarHATHYN N0AAPHOCTH. DTOT
MHTEPBA] MOXET MMETH IA0GANBHCE SHAWHHE ANA KOPPemANHK
OnpejielieFHHX Z0KeMODUUCKMX NOPOZ.

B HacToANee BPSMA C NAJI6OMATHATHON TOUKA BPOHAA U3y Ye-
Ho nmo KpaiHei mepe I00 AoxeMOpuUBCKMX 00DeKTeR no scemy Ce-
BEpo-AMODMKAHCKOMYy KpaToHy. B pesyasrare aas pufes Cemep-
HOt AMeDMKH yZ8J0CH NOCTDPOMTH A0BOJBHO X0pOWO 060CHOBAHHYD
KDMBYI0 MATpDALMM MOANCA, KOTOPAA WMPOKD MCHOOIHBY 6TCA B KOp-
penflMyu, [0 HACTOAWEr0 BPOMEHM HOT NAJOOMATHATHHX JAHHHX,
KOTOpHE NPHHYAuIM OH NPESHATE KPYNHHE OTHOCHTEJNEHHE Nepe-
MelleHNA ceI'MeHTOB CeBepO-AMEDAKAHCKOI'O KpaTOHA.

Bazneifimue MarHATOCTpATArpajMYeCKEe HHTEDBANH JUIA
pades CenepHol AMepHKE A OTBEYADIMEe AM IONOXGHHA MOND-
ca KpaTKC¢ CYMMADOBAHH HHXE:

MarmMTOCTpaTHTPAQHIeCKMAe WHTEPBAIH

liuTe prad Bospac?, | IMoaApHOCTH [lonoxeHue
MIH, I6T noanca
Ceacepi 1900 Hopu. I12% 349N
Iy GonT 1830 Hopw o6p. 83°% (7°N
MapTus 1820 n 73% o08°s
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HaTepsan Bospacr, |llonrapHocTs Honoxenne

MJIH,JIET noioca
M uuKaNay 1500 Hopu. 148% 01°%s
MaxKeHaH 1250 " I71% 040 W
AGHTUGH 1150 n 134%  27%xn
Joras 1100 06p. 140%w 47%y
TaBze pée II00 ° Hopu. 179% 350y
OpaHRIAE 700 - Hopw/oop. I66°E 06°N

The first major paleomagnetic contribution to the correlation of
Rihean rocks of North America was made by Dubois in 1962 when he
demonstrated that a single reversed interval was present in the app-
roximately 1100 m.y. 0ld Keweenawan rocks of the Lake Superior re-
gion. With this tool it was possible to correlate completely unco-
nnected Keweenawan volcanic and sedimentary sequences. At the same
time, he suggested the presence of a great loop in the North American
polar wandering curve. Subsequent work has securely anchored this
leoop and one such anchor point has formed the basis of North Ameri-
ca's first Precambrien Magnetostratigraphic Interval - the Macken-

- zie. This Interval represents a quasi-static period in North Ameri-
can polar wandering and represents several tens of millions of years
during which the earth maintained normal magnetic polarity. It may
prove to have world-wide value in the correlation of certain Precam-
brian rocks..

Paleomagnetists have now documented at least 100 studies of
Precambrian rocks from throughout North America. These have resulted
in a moderately well-dated polar wandering curve for the Riphean of
North America which is of great use in correlation. With the possible
exception of the Grenville Province, there is no compelling paleo-
magnetic evidence for major relative movement between segments of
the North American Precambrian Craton since the beginning of the
Riphean

The important Riphean Magnetostratigraphic Intervals for North
America, their corresponding pole positions, and approximate ages,
are as follows:
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MAGNETOSTRATIGRAPHIC INTERVALS

Intervals Age m.y. Polarity Pole position
Sudbury 1900 N 112°W  34°N
Dubawnt 1830 N/R 083°W O7°N
Martin 1820 N/R 073°w 08°8
Mjichikamau : 1500 N 148°W 01°S
Mackenzie 1250 N 171°W  O4°N
Abitibi 1175 N 134°W  27°N
Logan 1150 R 140°W 47°N
Thunder Bay 1100 N 179°W  35°N
Franklin 700 N/R 166°E 06°N

INTRODUCTION

At least 10,000 individually oriented samples have been collected
for paleomagnetic study from the Riphean of North America. These
have undergone more than 50,000 laboratory measurements, and it is
8 synthesis of the results of these measurements that-is presented
in this paper.

A bulletin by P.M.Dubois of the Geological Survey of Canada
in 1962 ushered in an era of continuing effort to collect systema-
tic paleomagnetic data on the Precambrian rocks of North America,
In his preface Dubois pointed out that one of the most important
and difficult problems of geologists working in Precambrian terrains
was the chronological correlation of units from widely separated
localities. Radioisotopic age determinations marked the first major
new advance in correlating Precambrian formations. A second promi-
sing independent method is based on determination of the earth's
magnetic pole relative to the rock units at the time these rock
units formed, and the determination of the polarity of the earth's
field at the time these units formed. We will now look at the pro-
gress that has been made in the paleomagnetic study of upper Pre-
cambrian (i.e. Riphean) units of North America.

THE LOGAN LOOP
Dubois' pioneer work was concentrated on the Keweenawan Group,
which rims and presumably underlies much of the basin of Lake Supe-
rior. The various units consist of lavas which are predominantly
basaltic, coarse to fine clastic sedimentary rocks and thick basic
8ills, all of which dip gently inward around the perimeter of the
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lake. This sequence was formed in a rift system, probably between
1150 and 1000 m.y. ago (Hanson, 1975), but the time correlation of
the units has proven a difficult task. Figure 1 shows the main
igneous Kaweenawan units. The solid black and the croas-hatched
areas are normally and reversely polarized volcanic sequences res-
pectively (N and R). The Uyluth Gebbro is normally polarized and
the Logan Sills reversed. Sedimeatary strata are not shown,

Dubois found that if both polarities were represented in a
locality, the older was always reversed and there was never more
than one reversed-to-normal polarity change at any given volcanic
sequence around the lake. He found also that the directions of the
two polarities were not exactly reversed - i.e. they gave different
paleomagnetic pole positions. He attributed this to polar wandering
and concluded that the polar wandering path during the Keweenawan
formed a great loop. This loop is shown of Figure 2. The direction
of polar wandering is based on the fact that the reversely polari-
zed Logan Sills are known to intrude the Sibley sediments (which
are of mixed polarity) and the Thunder Bay dykes (Fig, 1) of normal
polarity, intrude the Logan Sills and have a pole position identical
to that of the Portage lLake lavas. Furthermore it was known that
the Copper Harbour, Freda and Nonsuch sediments overlie the Portage
Lake lavas. Note that in Pigure 2 and throughout the paper, normal
poles are solid black, reversed are open circles and poles of mixed
polarity are half solid, half open.

This loop in the polar wandering curve has now been corrobora-
ted by many detalled studies in the.Lake Superior region and has
been named the Logan Loop (Robertson and Fahrig, 1971) after the
Logan Sills, whose pole provides an important anchor. Figure 3 is
a modern version of the Loop. Dubois' early work has been largely
redone with more modern techniques, and additional units have been
measured. The Sibley pole, which was the jumping off spot for the
early loop, is not shown here for reasons that will become clear
later in the text.

The apparent uniqueness of the reversal in any volcanic se-
quence around the lake has suggested that it is the same in each

case., It therefore has become a time stratigraphic marker of great
importance, not only locally, but possibly world-wide.

Figure 4 shows a contribution made by the reversed interval -
(the Logan paleomagnetic interval) - to the correlation of volca-
nic seyuences in the eastern part of the Lake Superior Basin. The
reversed lower seyuences are shown cross-hatched, the normal in
solid black. Only in the Mamainse section (Pigures 1 and 4) is the-
re any suggestion of a second normal and reversed sequence, and
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this is probably due to faulting. There is also some evidence of

a time gap with erosion of reversely magnetized lower volcanic
rocks and deposition of detrital sediments before deposition of the
normally polarized volcanic sequence (Halls, 1974); however, this
gap would never have been identified and correlated without the aid
of magnetostratigraphy. This rather precise time correlation of
units has, of course, been carried around to sequences in the wes-
tern parts of the Lake Superior Basin,

The next question was whether this great loop might be a local
phenomenon of some sort - perhaps related to local rotation of this
region, or even to the presence of secondary components that were
not removed during laboratory treatment of the samples. The most
complete section that spans the ‘time represented by the Logan Loop
from elsewhere in North America is found in the Grand Canyon area.
Pigure 5, taken from work by Elston and Grommé (1975) shows poles
from this sequence - from the oldest, (1) to the youngest, (13).
Poles 10 and 11 are thought to be 1070 m.y. old and pole 1 may be
as old as 1400 m.y., although poles 1, 2 and 3 could all be signi-
ficantly younger. There is good agreement between these data and
data from Lake Superior, although the reversal at the top of the
Logan Loop is not visible. This probably indicates that this period
of reversed polarity was one of short duration and of rapid polar
wandering.

The next problem was the application of the magnetostratigraphic
tool to older and younger groups of rocks. Much of this phase re-

sulted from a continuing effort to correlate and date the basic
igneous rocks of the Shiels. Until about 1960 it was generally tho-

ught that the majority of the swarms of basic dykes that intersect
the Shield were late Precambrian - i.e. about 1000 m.y. old. Early

radioisotopic dating proved that this was not so (Pahrig and Wanless,
1963), but these also failed to provide consistent results for int-
rusions that were obviously related in time. A typical range for
K-Ar whole-rock or biotite ages was 800 to 1150 m.y. for a set of
intrusions about 1250 m.y. old. Rb-Sr age determinations were just
as unsuccessful because of low Rb contents and other problems.
Paleomagnetism was turned to as a possible method of corre-
lation, and one of the great achievements was the correlatioan of
Mackenzie igneous events throughout the entire western Shield -
an area of more than 1.5 million square kilometres (Fahrig and
Jones, 1969), Fig. 6. From northwest to southeast, the Mackenzie
rocks include the Coppermine Flood basalts, the Muskox Complex,
8ille in the east arm of Great Slave Lake, the Mackenzie and Sud-
bury disbase dykes. Rb-Sr dating of the Sudbury dykes (Van Schmus,
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1965) and of the Coppermine volcanics (Baragar, 1972) have sugges-
ted an age for these rocks of about 1200 m.y. However, it is paleo-
magnetism that has enabled us to correlate this, the most extensive
‘set of basic igneous rocks known from any continental area. The po-
les from these rocks form a tight cluster on.the ascending arm of
the Logan Loop (Fig. 7), and they have characteristics that make
them of special interest for magnetostratigraphic correlation. The
Coppermine volcanics are separated from the Muskox intrusion by an
unconformity and by a thick carbonate sequence (Fraser et al.,, 1970).
This, coupled with the thickness of the Coppermine sequence,
suggests that the Mackenzie magnetostratigraphic interval repre-
sents several tens of millions of years., It was therefore a quasi-
static period in terms of North American polar wandering. Further-
more, during this entire period of time, the earth maintained a nor-
mal polarity. The pole for the Mackenzie igneous events has become
an important anchor for the Logan Loop and is clearly am important
magnetostratigraphic interval which may be of world-wide chronostra-
tigraphic importance.

Attempsts to correlate dyke intrusions of the Abitibi Lake
area produced a -pole that closed the gap between the reversely mag-
netized Logan Sills and the poles of the Mackenzie Interval, Fig. 7,
(Pabrig et al., 1965), Two poles from somewhat earlier Keweenawan
rocks of the Lake Superior area, the South Trup normal and South
Trap reversed volcanics, have been added to Figure 7 to illustrate
‘the continuous nature of the east limb of the Logan Loop.

A second very extensive set of basic igneous rocks from across
the northern crown of the Canadian Shield was also correlated with
the use of paleomagnetism (Fig. 8).These include the Coronation
sheets, Baffin dykes and the basic volcanic rocks of Victoria Island
(Pahrig et al., 1971; Palmer and Hayatsu, 1975). These rocks make
up the Franklin magnetostratigraphic interval, are about 700 m.y.
0ld and exhibit at least one reversal. It was thought when early
work was completed on these rocks that their pole constituted a se-
cure western anchor for the Logan Loop (Robertson and Fahrig,

1971). However, new data on rocks whose magnetization may be inter=
mediate in age between the Franklin and upper Keweenawan sequence,
i.e., between 1050 and 700 m.y. (particularly poles from the Gren-
ville Province) have suggested that a subsidiary loop may intervene
between the 700 m.y. Franklin and the 1050 m.y. Keweenawan poles
(McWilliams, 1974).
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THE GRENVILLE LOOP
As work progressed on the paleomagnetism of middle and late Riphean
units of North America, it appeared that this was a powerful tool
for correlation. It seemed possible, however, that this tool might
be of less value in correlating earlier Riphean units because of
intracratonic movements. For example, it has been recognized for a
long time that rocks of many ages are present.within the Grenville
Province, but these rocks have been variously metamorphosed and
disturbed. It was unlikely that a series of primary poles could be
easily obtained from Grenville rocks which would allow their corre-
lation with rocks of similar ages elsewhere in North America. For
this reason, sampling of pre-Keweenawan rocks was begun in the
undisturbed anorthosite-quartz monzonite complex north of the Gren-
ville Front, so that poles for these rocks could be compared with
those of well-dated rocks thousands of kilometres to the south and
west (Murthy et al., 1968). Figure 94 shows the locations of these
1300 to 1500 m.y. old anorthositic and related rocks of the
N.E.Shield, whosé examination was begun about 8 years ago. At that
time the only rocks of comparable age for which paleomagnetic data
were available were the Belt Supergroup and a few rock units in the
southern United States (Fig. 9A). Figure 9B shows the North American
pole positions which are now available for rocks of this age. They
represent a tight south-trending cluster from the Michikamau inter-
val, through an interval of mixed polarity, to a periocd of reversed
polarity. The southern continuation of the east limb of this Gren-
ville Loop and its connection with the east limb of the Logan Loop
is not yet well established. ’

The data do seem to indicate that there have been no signifi-
cant internal movements within a large central core of the North
American Precambrian for at least the past 1500 m.y.

The Sudbury Loop
In recent years there has been considerable interest in obtaining
relisble paleomsgnetic data for the earliest Riphean. Figure 104
shows the location of units from which some of the important Early
Riphean data have been obtained. The ages of the poles derived from
rocks at these localities vary from about 1900 m.y. to about
1650 m.y. (Fig. 10B). The rocks from which they are derived are ne-
cessarily restricted to Archean areas, such as the Superior and
3lave Orogens, which give radicisotopic ages greater than 2500 m.y.,
or to Aphebian Orogens such as the Churchill, which give radioiso-
topic ages of 1900 to 1700 m.y.
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Several things appear from the paleomagnetic study of Early
Riphean rocks:

1) Up to the present time there is no evidence of large-scale
rleative movement within the large Archean-Early Proterozoic block
of North American Precambrian (Fig. 10A) for the past 1900 m.y.

In other words, poles of the same age seem to match fairly well.

2) The polar wandering path appears to outline another great
loop with a northern cross-over point in the central United States
(Pig. 10B). '

3) The older rocks, such as the Sudbury, Otish and Spanish Ri=-
ver intrusions which have poles at the cross-over, exhibit only nor-
mal polarity; whereas units magnetized 1850 m.y. ago or later, exhi-
bit mixed polarity. This may prove to be of some importance in cor-
relation.

Summary Comments
Figure 11 brings together many of the North American Riphean poles,
particularly the better documented ones from the Canadian Shield.
There are two pericds for which the polar wandering path is not well
defined. As previously mentioned, there may be a complex minor loop
between 1000 m.y. and 700 m.y. (McWillisms, 1974). In addition, the
southern extension of the Grenville Loop is also in doubt. The most
southerly pole shown on Figure 11 is the east compoment from the
Mealy Mountain Complex (Fahrig et al,, 1974). Unfortunately, this
complex lies within the Grenville Orogen, an area that may have un-
dergone movement relative to the remainder of the North American
Riphean since this component was developed. For this reason the
polar wandering curve of Figure 11 may not apply to tocks of the
Grenville Orogen. Fig. 12 presents a simplified summary of polar

wandering and polarity for most of the Precambrian of North
America during the Riphean.

The pole positions of the Riphean units give us the paleolati-
tudes of these units at the time of their formation, or at the
time of their remagnetization. The correlation of paleoclimates,
(as indicated by certain features of sedimentary strata) with
paleclatitudes, (as indicated by pole positions) will not be discu-
ssed in detail, There is, however, a reasonably good correlation
between evidence of climate and of paleolatitude.

The polar wandering curve may also record in a general way the

movement of the North American continent about the globe., It is
tempting to relate the shape of the curve to large-scale tectonic
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events. The Hudsonian and Grenvillian Orogenies, for example, might
be correlated with sudden directional changes indicated by the ter-
minaticns of the Sudbury and Logan Loops (Robertson and Fahrig,
1971). However, considering the complexity of these curves and our
lack of knowledge concerning plate tectonics during the Precambrian,
such correlations are probably naive and premature at the present
time.
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P ig. 1. Major igneous Keweenawan (Upper Riphean) 1150-1000 m.y,
units around the perimeter of Lake Superior., Solid black indicates
volcanic units of normal polarity, cross-hatched, of reversed pola-
rity. R and N in brackets indicates reversed or normal polarity
respectively
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F i g. 2. Keweenawan pole positions and polar wandering curve from
Dubois, 1962, Open circles indicate reversed polarity; solid circles,
normal polsrity; half solid, indicate mixed polarity. This conven-
tion is used on all succeeding figures
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F ige 3. Poles for the western limb of
the Upper Riphean (Keweenawan) Logan
Loops 1-Alona Bay, Palmer, 1970; 2 = Ma-
mainse (reversed) Robertson, 1973; 3 -
Logan Sills, Robertson, Fahrig, 1971; 4-
North Shore Véicanics (reversed), Palmer,
OAND CTEN 1970; 5 - Osler (reversed), Halls, 1974;
6 - Osler (normal), Halls, 1974; 7 - Gar-
gantua (normal),Palmer, 1970; 8 - Kewee-
nawan Intrusives, Beck, 1970; 9 - North
‘Shore Volcanics (reversed), Palmer, 1970;
10 - Mamainse (normal), Robertsom, 1973;
11 - Michipicoten Volcanics, Palmer, 1970;
12 - Thunder Bay dykes, Robertson and
N Pahrig, 1971; 13 .- North Shore Volcanics
MAMA";‘E'SNT ~6000 (normal), Palmer, 1970; 14 - Copper Har-
bour Volcanics, Vincenz and Yaskawa, 1968;
15 = Freda and Nonsuch, Vincenz and Yas-
kawa, 1968
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~] (slightly wodified from Annels, 1974).
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F ig. 5. Paleomagnetic pole positions from the Unkar Group and
Nankoweap Formation of the Grand Canyon (Elston and Grommé, 1974).

1 - Bass Ls. (lower); 2 - Bass Ls. (middle, upper); 3 - Hakatai
shale (lower, middle); 4 ~ Hakatai shale (middle, upper); 5 - Shi-
numo quartzite; 5' - Dox sandstone (upper lower); 6 - Dox (lower,
middle); 7 =~ Dox (middle)s 8 - Dox (upper, middle); 9 - Dox (upper);
10411 - Cardenas lavas; 12 - Nankoweap Formation; 13 - Nankoweap
(upper)
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F ig. 6., The regional distribution of Mackenzie igneous rocks
vhich include the Coppermine volcanics, Muskox complex, Mackenzie dy-

kes and Sudbury dykes (Fahrig, Jones, 1969) and the distribution of
the younger Abitibi dykes
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P1ig. 7. Poles from the east limb of tne Logan Loop: Coppermine
volcanics (Robertson, 1969); Sudbury dykes (Larochelle, 1967);
Mackenzie dykes (Fahrig and Jones, 1969); Muskox complex (Robert-
son, 1969); South Trap (normal) (Books, 1968); South Trap (reversed)
(Books, 1972). Franklin anchor for the west limb of the Logan

Loop (Fahrig and Schwarz, 1973)
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F 1 3. 8. The regional distribution of Pranklin igneous rocks.
Pole for these rocks is shown on Fig. 7
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Fig. 9. North American paleomagnetic data for rocks whose magne-
tization ranges in age from about 1500 m.y. to about 1350 m.y. A
shows the localities from which material was collected and 9B the
corresponding pole positions, 1 — Croker Island (Palmer, 1969);

2 — Michikamau (Murthy, Fahrig and Jones, 1968); 3 — St, Francois
(Hays and Sharon, 1966); 4 and 4° - Lower znd Upper Bslt (Rvans,
Bingham and MeMurry, 1975); 5 - Sherman granite (Eggler and Larson,
1968); 6 - Sibley (Robertson, 1973); 7 - Arizona and Utah {Collin-
son and Runcorn, 1964); 8 = Mistastin (Pahrig and Jones, in ress);

9 - Shabogamo (Fahrig, Christie and Schwarz, 1974) 3
7
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[ 77

F 1 g. 10. North American paleomagnetic data for rocks whose magne-
tization ranges in age from about 1900 m.y. to about 1650 m.y. 10A
shows localities from which material was collected and 10B the cor-
responding pole positions. 1 = Sudbury (Sopher, 1963; Christie,
Pahrig and Davidson, 1975); 2 - Spanish River (Robertson and Wat-
kinson, 1974); 3 - Otish (Fahrig and Chown, 1973); 4 — Kaminak
metamorphosed diabase (Christie, Daviison and Fahrig, 1975); 5
Daly Bay - Melville (Park, 1973); 7 — Dubawnt (Park, Irving and
onaldson, 1973); 8 - Et Then {Irving, Park and McGlynn, 1972);
9 - Kghochella (McMurry, Reid and Evans, 1973); 10 — Sparrow
(McGlynn, Hanson, Irving and Park, 1974); 11 - Kaminak lamprophyre
(Christie, Davidson and Fahrig, 1975); 12 - Molson (Ermanovizs and
Fahrig, 1975).
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F ig. 11. The better documented pole positions and the polar wan-
dering curve for the Riphean of North America. Poles are identified
in preceding figures and dashed lines indicate uncertainty regar-
ding the polar wandering path

|

F 1 g. 12. Generalized North American Riphean polar wandering,
emphasizing periods of normal, reversed, and mixed polarity
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UTOIMTH B CTPATUTPAGMY JOKEMBPUA
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PHYTOLITES IN PRECAMBRIAN STRATIGRAPHY

1. Stromatolites and microphytolites among all the groups of
Precambrian fossils have at present the widest stratigraphic
application.

2. Stromutolites are widela used for interregional and
intercontinental correlation, for detalization of regional
stratigraphic scales and serve as the main basis of the gene-
ral time-stratigraphic subdivision of the Riphean. Their stra-
tigraphic significance is proved by: a) homotaxy of their
assenmblages (empirically established stable assemblages of
definite taxons) found out in all my sections of the Riphean
in North Eurasia and later on in some sections of other conti-
nents; b) existence of the definite time range of each assum-
blage proved by geological and isotopic data.

3. Microphytolites along with stromatolites are used for
general subdivision and correlation of the Riphean. The stra-
tigraphic significance of the microphytolites was established
empirically. Four stable assemblages of their taxons have
been distinguished in the same succession in the remote Riphe-
an sections of the USSR.

4, The classifications of stromatolites and microphytoli-
tes used as a basis for their stratigrephic application are
formal and the nomenclature is binary. Several systems of the
stromatolite group taxons were ‘described depending on the sets
of the features supposed to be indispensible and sufficiemt.
The classification which defines the groups (formal genera)
according to the combination of morphological features and
forms (formal species) according to microstructure is the most
widely used.

5. The intrabiohermal varisbility of stromatolites, usua-
1ly caused by environment, is manifested in the appearance of



the morphological modifications which are connected by a se-
ries of transitions and united by common microstructure. Such
relationships create difficulties in the definition of the re-
lative taxonomic rank of the morphological and microstructural
features. The studies are following the way either of distin-
guishing of several morphological groups in a single bioherm,
or specification of the group diagnosis, or establishing the
independent classification based entirely on the microstruc-
ture. i

6. The existence of the intrabiohermal lorphologicai va-
riability does not deny the stratigraphic significance of the
Riphean stromatolites. Combinations of morphological varie-
ties in the bioherms of definite stromatolites (bioherm me-
ries) and the sets of morphological modifications united by
the same microstructure have been proved to be numerically
limited and time-dependent. It strongly suggests, that the
morphological variability of the Riphean stromatolites was
limited probably by the taxonomic composition of stromatolite-
building communities. The analysis of the microstructure of
the Riphean stromatolites supports this conclusion.

7. Changeability of the microphytolites under the envi-
ronmental and post sedimentation processes pressure is not
yet sufficiently studied. It have been established that the
environment controls the abundance and the relative role of
certain forms in the given dlsenblage. The influence of se-
condary processes on the features which are supposed to be
the diagnostic ones, embarrasses the study of the microphyto-
lites.

8., Four main successive assemblages of stromatolites have
been established in the Riphean of North Eurasia. These cons-
titute the paleontological basis for four time-stratigraphic
subdivisons (phytems). Assemblages similar in group and some-
times form composition were described in the upper Precambrian
of Australia, North America, and Africa. They retain the same
succession and similar time ranges as in the North Eurasian
sections. It proves the significance of stromatolites for the
intercontinental correlation of the Riphean.

9. The presence of several transit groups in the succesi-
ve stromatolite assemblages and the existence of rare repre-
sentatives of new groups among the predominant old ones do not
allow to base the stratigraphic boundaries on the first appea-
rance of the group. The use of stromatolites seems to give the
most reliable stratigraphic results when the changes of the
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asgemblages are taken into acount. Some students suppose that
the correlation with the stratotype by means of microstructure
of stromatolites is the best tool for the age definition of
rock sequences. .

10, Four main assemblages of the Riphean stromatolites
are subdivided in some regions into subordinate associations,
used for subdivision the phytems into subordinate units.

11. In the most completely studied regions stromatolites
serve as a basis for establishing more precise subdivisions
(beds), useful for intrabasinal correlation. To evoid the in-
fluence of the local enviromment on the distribution of stro-
matolites such subdivisions should be based on the data obtai-
ned in several sections of the given region.

12. In the last few years attempts were made to use mic-
rophytolites for the establishing more minute subdivisions of
the Riphean deposits.

13, The forthcoming task in the biostratigraphic aspect
of the stromatolitology and microphytology is supposed to be
the precise subdivison of all the reference sections of the
Riphean. The integration of the detailed regiocnal biostrati-
graphic scales seems to be the only way to create the detailed
general time-stratigraphic scale of the Riphean and to propose

‘better grounds for the definitions of its main units.

[locanezume I2-I5 neT OuAKM BpemeHeMm Oy pHOIO pocTa 3HAHUN B oGlacTH
[NaJeoHTON0IMN AOKEMOpUA, BPEMEeHeM -BHeZpeHMA — B Cose TCKuM Copse,
4 saTeM M 38 erg npejelaMi - N4JE0HTOJOTMYECKODD METOAY B CTpPETH-
rpaduio MNpoTeposos M BMECTE C TEM BPEMOHEM CYWECTBEHHOI'O [epecMoT-
pa BBrJMA0B Ha cTpaTUrpadiyecKoe BHA WHWE PABJMUHHZX TIpylIn WcKona-
@MHX KpUNT030f. BaxHeWwMe BeXM HA STOM NyTH CleAybmde: A0KasaTelb-
CTBO CTpAaTHIrpafuvyecKoro sHayeHMn pufeficknx CTpoMaTOAMTOBR M MUKpO-
@UTOAMTOR; BHFBJGHME HE DASHHX KOHTMHeHTaX chnepuiuvyecKoil spmaxap-
cKolt accoysayun GeccKeneTHoit fayrd, npezBapaBmell ckeseTHYD (fayHy
KeMGpHA; peunTeNbH0e O0TIDAaHMYSHME AOKEMOPUMCKAX CyGCHepyu YeCKAX
MMk pofoccuauit (aKpurapx) 0T CHop M NMEXBUB BHCHAX pacTeuuli; oT-
KpPHTHE OOr&aTHX BOZOPOCNEBHX GMOT NPOTEPO30fi.

YeThpe Ha8BAHHHE IPYNNH HCKONAGMHX = OTICYETKM GECCKE I8THHX
XUB OTHHX, 8KPUTApPXHU, BOAOPOCIAM ¥ QUTOJMMTH (CTDOMETOJNTE ¥ MUKDO-
¢UTONMTH) - MO0 CYWSCTBY MCYEPNHBANWT CoGOMl CHUCOK JAoKeMOpUiiCKAX
opraHd WCKUX 0CTATKOB, HUKe MM KDaTKO 0CTAHOBMMCH Ha CTpaTarpafu-
YOCKOM 3H3aYeHMM NEPBEHX TPEX IPynn ¥ HA 3ToM (0HE NOAPOGHD 0CBETHM
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COBPEMEHHHE Jig@HHNE 00 MCHOAL30BAHMM QUTOJMTOB AJAA pac WEHeHMA M
KOpDe IALMA DASPeBOB A0KEMODHs.

Jlokencpuiickne Metazoa BH3HEANT COBEDPUWSHHO 0COGHA MHTe-
pec. OH onpejenAe TCA K&K ONWTOM NOCTPOSHHF CTpaTHIpadyye cKoll WKaim
(faHeposod - Nane0so0JOTHYECKON B cBO8{ oCHoBE, TAK U (JyHAR MEHTENE-
HOCTERD OMOJAOTUYECKOID SHaYEHHMA CAMOro (JaKTa NMOABJEHAA ¥ WAPOKOTO
paccelneHus J0KeMGPUICKMX npezcTaBuTeNeil ®UBOTHOIOD HapcTBa. Eme
6=8 76T HABEJ IOCHOACTBEOBAN0D MHEHME, YTO NEPEHE EWBOTHHE MNOABMJIUCH
B HawJe BeHZA MJN SKBMBANGHTHHX @My [N0Apaszelieduii, B CI0AX C BOB=—
pacToM 650-680 maH. zer (Cokoxos, I964, I965, 1968; Cloud, 1968
4 7p.). Teneps Md X0pOWO 3HAGM, YTO BTD COCHTME OTCTOMT 0T Hac
no Kpaitie# meps Ha I000-900 maH. zxeT (Coxoxos, 19721). BosMOXHOD,
0HD OTHOCHTCH K cpezHeMy pudem: 06 2TOM CBHUZETEABCTBYNT HAX0AKM
CTPYKTypP, 04Y6HH CXOAHHX C HOPKaM{ DORNMX EMEOTHHX B 8B3AHCKOR
CBUTEG Ypana, "Sabellidites ex gr. cambriensis" (=Paleolina)—

B NepeBHMHCKOE cBuTe TypyXaHCKoro paiioHa, CHEACB MOS8 HAA M KO-
npoxuTos (?)-B Hazcepuy Bexr ClA, a Takke Vermiculites, KoT0-
pHE, BUZMMOD, NPEACTABAADT COGOA XKONPOAMTH UAOAZHHX EUBOTHHX (Ky-—
paBmesa, 1964; Kopoiuk, I966). ils BCex 5TUX 0CTaTKOB, NOEALYil,
TOIBKD KONDOJWUTH, BXOAANME B 6MHHE KOMIJEKCH C OHKOJIMTAMM, MOTYT
OpeAcTasMTs RaKkoli~To MHTepeC ANA CTpaTUTpadUM.

Topaszo Gojee BaxHa B STOM OTHOWEHMM DfMaKapcKasa gaywa. B ee
CoCTaBe omucaHo oKodo 40 pozos M 50-55 BUZ0B; ZelicTBUTeJNEHDE CH-
cTeMaTH ¥ CKoe pasHooGpasue 3Todl gayHd, BEPOATHO, BHA YATEALHO GOJI5-
me, [pezcrasuTesu 3Tolt dayHH HHHe WBBEeCTHH M3 I4 palioHoB ABCTpa-
K, Wro-Benazuof Adpuxu, CesepHoit Espasuu 1 CeBepHoit AMepMKH
(Glaessner, 1971; CoRoZX0B, 19721’2; Keanep, MeHHED M 7Zip.,
1974). Bonopoc o ToM, CKOJF TOYHD NPeAEJH Be PTHKAJILHOID Paclpoc Tpa-
HeHMA 9Tolf GayHN 0TBEUANT BEHAY, HEZABHO CnenUalbHOo pastupalcs B
murepaType (PosaHOB U Ap., I1969; Henmep, AKCeHOB U 7D., I974;
CemuxaTos, I974). He xacasch BHOBH 5TOr0 BOIpPOcA, OTMETUM, YLD
97MaKAPCKNE MCKONAeMHe , NpPM BCeil MCK.OYHTOABHOCTH CEOrO OGMOlo-
PMYeCKOID BHA WHHUA, MOTyT OHTH MCHOIALB0BAHH [P BHAGASHMM M Koppe-
NF0MM IMEB BHCOKMX TOPUSOHTOB Z0KeMOpUs., B HUxenexzamell KojoHHE
ZI0KEMOPUIACKAX 0TA0EEHAN B GHoCTpPaTHrpadu yeCKoOM .0THOWSHMMA OCHOBHOH
HHTEpeC OpejCTABJIAWT 0CTATHM M OPOAYKTH XWBHE 718 ATEABHOCTH DacTe-
HUi,

OpHo#i M3 HAMGODJNES® WHPOKD PACHPOCTDAHEHHHX I'DYON PacTUTeJNBHHX
0CTATKOB ZiOKeMODMA fBIANTCA BKDUTA XM, X0TH HauGolee DOMIBHHE MX
KOMOJIGKCH TATOTONT K N6CUWE0-aJ6BPUTUCTHM CEpPOLBETHHM TOJUAM Bep-
X0B Z0KeMOpHA, OHM MSBECTHH [10 CyWECTBY [0 BCeMy paspesy npoTepo-
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80f B J0CTATOYHO WMPOKOM Hadppe QapMaABHNX TUNUB nmopoj. UMeHHD
Io8TOMy HAZGRJAH OMOCTPATHrpadod ZOKeMOPUA Z0AT06 BPeMA OHIM CBA-
88HH C DTMMM MHUKDoJoccHIMAMM, O7HAKO Ha OyTH MX CTpaTuUrpaduvecKo-
T'0 MCHOJHB0BAHMA BCTPETUIACH CODHO BHNE BaTPYAHGHMA, 00yCJI0BIEHHHE
Opexjie BCOr0 CKYyZAQCTHD JMATHOCTHUYSCKAX NPASHAKOB ZAOKOMOpUACRMX
axpurapx. OHM NpeACTaBAGHH CyOGcHepHUwCKUMA GopMamyu, DA MM BOIEMU-
CA IIABHHM 06paBoM XS8DAKTODOM NOBEDXHOCTH 00odouKM. Cpezu Mcciepo—
BaTenell HeT eMHOAyWMA B OOHKS BHAUSHHUS DTOrg NPHUBHAKA; HOKOTO-
_PHO 8BTOPH OOIATADT, YTO MHOTHe 0COCOEHHOCTH CKyJBNTypH 060X0WBE
ZAOKOMOPHICKMX SKPHTaDX BOBHHKAM B DESyABTATO AMETIHOCTUYSCKUX M
snMreHe THYeCkAX nponeccos (BosikoBa, I968)., PasiuuBas OLEHKA TAK-
COHOMHYSCKOI'0 BHA B HAA HAGIDZBGMHX DABAMW il NMPMBEIA K B 0BHWKHOE G-
BUD HOCKOIBKAX CX6M KISCCHMKamu¥ aKpuTapx, 4ro KpailHe saTpyAHA-
JI0 CONOCTABIEHWe JAHHHX, MOy Y HHHX PABHHMM MCCIE 10BATEAsMM. B
BACTOANEe BpeMfA, TJISBHHEM 00pas80M Gu8roZapis pacoTe KoJAMOKBAyMOB IO
arpurapxaM (JleauHrpaz, I97I-1974 rr.; HoBmcuOupck, I975 r.),
cnenuaIMCTH A0GHAMCH GONBHEr0 BSAMMONOHWMAHMS. M BCe X6 moka zo-
KeMOpUICKMe QKpUTAPXM HAXOAAT NPUMEHAHME TOJBKO B 0GOCHOBAHMH MOCT-
HHX ¥ Per¥oHANBHHNX CXeM pACWISHOHMA HAWG0N8e BHCOKMX TOpPUBOHTOB
zoxeMGpus (BeHZ ¥ B 0COGEHHOCTM BeDXHMA BeHZ), o6ecnewBas B8AecChH
BHI@ IGHMe OTHOCHTEABHD APOCHHEX eAMHEMO. Ho MH 6m 0YeHH Z876KM 0T
T0ro, YTo0H mepeliTH K UCHOAB30BAHMD aKpuTapx B odmell crpaTurpadun
JLOKeMOpud. i

Cpeay pacTHTeABHHNX MUKpOoQOCCHAME Z0HeMODUA WHPOKD PACOPGCTPAHEHH
TAKKe HUTYATHE M CD6 PUUBCKUE BOLopoc/M, COXpaBADIME 76 Tali CBOOTIO
KI6T OYHOT'0 CTPOGHMA GIAT0ZapA 0CoGeHHoCTM (oCCHIMBALUM =~ BAXDPO-
HEHMD B NepPBMYHO-0CAZ0YHHX MM 0Y8HH DAHHEAMATEOHETHUWCKAX KPOMHAX
B CTPOMATOJMTOBHX noposax ( Schopf, 1970, 1975, M ZP. ). =
MUKpPoQOCCHIMM, ZOCTOBEDHO WSBECTHHE N0 paspesy afedua W pudes, Ha-
WHAA CO CIDGB C BOBPACTOM 0Koao 2250 MAH. 78T (TpaHCBAadECKU®
ZONOMMTH) A0AT068 BPEMA BHBHBAJM MHTEPAC TOABKO B NAJAE06M0OIOTMYEC—
KOM Nmape. [lepBHi ONHT aHAXM3A MX MOPQOJOTHYe CKON BBOIVLUM
(liond, I975) nokasai, wro CymeCTBYeT 0NpejeJeHHAs B34 NMOCBASH pas-—
M8pOB MUKpoQocCHIME M MX reoJ0orMWCKOro Bospacta, Memonssys aTH
JaHEHe , llond HaMegaeT B Z0KEMGDUM ABA pyGexEa; OHW ZATUPOBEHH
okono I400 » I000-950 mnH. 7er, Ha HUX HEMEUAKTCH ¥ HEKOTOPHE Ka-
YeCTBEHHHE WBMEHOHMA CHCTEMATUYSCKOTD COCTABA MUKDOdOCCHIMIL.

HeoGxozuM0 NozYe PKHYTH, YT0 9TH BHBOZH NPUXOZMTCA CWTATEH NpeZ-
BADUTEJBHEMA, TAK KAK OHW OCHOBAHH He HA AHAAWBE HECKOJBKMX MM
X0TA OH OZHOTO OTAGJEHD BBATOr0 6ZMHOI'O ONOPHOI'O0 paspesa, 8 HA CyM-



MUDOBAHME JBHHHX 00 25 MOCTOHAXOXZGHMAM JPDOBHMX MUKpDoOHMOT, pasGpo-
CoHHHM N9 DABHHM MBTODHKAM M 78 THDOBAHHEM C pasid woll cTemeHsD Ao
CTeBEPHOCTH. TeM He MOHE6 O0HM 0YeHH MHTODOCHH, M JAXe, MOEGT OHTSH,
He CTOQIBKO C COCCTBEHHD CTpPaTHrpafuweckolt TOUKM SpOHHA, CKOJIBKD NO-
TOMy, 0 BAMOWEDT BOSMOXHOCTS GMONOTHYECKOr0 0GBACHOHMA BMIKADHU Yec-
KM yCTAaHOBJGHHHX SAKOHOMODHOCTE! CMOHH KOMIZEKCOB (M TOJIMTOB.

O6pamaAack K PACCMOTPEHUN (UTONMTOB, HOOOXOZMMO NOZWPKEyTH, O
376CH MH NpMCTyNaeM K BHAJMZY CTPATHIpaduyeCKoro SHAWEMH CIOEEHX
GHOTEHHD~COZMMOHTANM OHHEX CTPYKTyD, K0oTOpHe ABIANTCA DPo3yAbTAaTOM
BBANMMOZGHCTBYA NMPOgeccoB GHOreHHOrD (opMApeBAHWA KapioHaTa M (Mim)
JIBBAMBAHHA OCaAZK8 B DOBYJAETATO EMBHOAEGATONBHOCTH HMBKMX BOZopoc-
. Zeft (raaBEHM 00pasoM CHHEBENEHHX) M CejMMeHTereHesdca, Ha aToM oc-
HOBEHMM MHOTZA BHCKaBHBAWTCA COMHSHMA B [DABOMEDHOCTH CWTATH M3y—
UoHA9 CTPOMATOANTOR NAJE0HTOJNOTWYSCKUM MCCIeZ0BAHMEM, 8 NPHMOHE Hie
HX B cTpaTurpafum - coupcrparurpadueii, OzHaK0 mapanalieoETONOTHA -
HayRa, H3ydabmasg CIeZH EMSHeZeATONBHOCTH 0pIeHMSMOB, — BCEIZA
CYMTAJACH OZHHMM MB MOJHONPABHHX pA3ZeN0B [AIAGOHTOJNOTHH M, CIEJ0BaA-
TeNBHO, (G83YCIHOBHO OMOIOr¥WCKOY AucCHMnIMHOo#. Bo BmCAKOM CIy®E,
NpA OPOBO7IGHMM CHMIOSMYMOB M KOJIOKBMYMOB N0 NaJ60HTONOTHMM 7 0KEMG-
pun (Mocksa, I964 r.; Yda, I967 r.; Hemocmbupck, 1965, IS7I, I975
I'T.) HM J KOT'D He BOBHAKAND CoMHeHUYE B HeOOX0ZWMOCTHM BRIDYGHMA
B HMX NMpOrpaMMy CTDOMETOIMTOBON ¥ MUKDOPUTOIMTOBONA TOMBTMKA.

TeHOTH WCKHE 0COGEHHDCTH CTPOMATOJMTOB ¥ MUKPODMTOIATOB, &
TAKEe JCTAHOBAGHHABA Me/JEHHAA W BHEWHe HeGPOCKasd MopHOJIOTH 4ecCKas
SBOJDIOYA CTPOANMX  ¥X DPraHNBMOEB 38CTABJIANM HEKOTOPHX MCCIHS Z0-—
‘BaTenelf & priori 0TPHIATH N8DCHEKTUBHOCTS MBYY6HMA QUTOIM-
TOB B CTpaTUrpafuuecKoM acnexkTe. OZHAKD SMIUPUYBCRUN MOZAX0Z K
9TOMy BONPOCY NOBBOJMA DENHTH €TI0 MO~ALyTOMy.

Karaccudurauus CTPOMATONATOB ¥ MUKDOYUTOIUTOB, CHyXAmMAS OCHOBOH
cTpaTurpadu BCKMX NOCTPOEHMUil, ABIAETCA QopMansHod, 8 HOMEHKIATypa -
GMHApHO#, NpeAyCMaTpUBANME! JATMHCKAWe HAasBaHMs paa rpynn (Hopuains-
HHX pozioB) ¥ Qopu (QopMBABHHX BUZDB).

Jlna cTPOMATOAMTOB OHJO0 NPEZJA0XEHO HECKOABKO CHCTEM TIDyONOBHX
TEKCOHOB B 33BMCMMOCTM 0T Toro HaG0pa NPHU3HAKOB, KOTOPHi npuHA-
M8eTCA KK HeoOXozuMuit 4 gocraroumnit, Tak, B.[l.Macaos (I960 u
ZDP.) BLAGNAA T'PyONH CTPOMAT0JATOB [IpPEMMy MECTBSHHO Mo (opMe CTpoMa-
TpAuTOBHX cIoeB ("pozu" Collenis, Conophyton, Conocollenia
# ZAp.). li.K.Kopoxpk (I960) TaxuMi NpusHAKAMM CWiTANA XADAKTED
GOKOBOI0 OTPaHNEHMA ¥ QOPMy CTPOMATOJMTOB CJ06B ¥4 B CCOTBETCIBUY
C 9TMM BHZIGNMNA TAKHWe IPyNNH, K8k Planocollina, Paniscollenia,Boxonia
# fp. d.H.Kpunon (1962, I963) npeAMOEMI BHAEAATEH IpyNNH CTPOMATO-
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JMTOE MO0 KOMONJAGKCY TpeX NpHsHakoB - oOuedl ¢opmul nocTpolku, xa-
paKTepa UX GOKOBOI'0 OrPAHMYEHUA W THUNa8 BETBMCTOCTH. POPMH ((op-
M8IBHNG BWZH) B.[l.Macaor (I960) BHZENAN NpeMMymecTBeHHO N0 MUKDPO-
crpykrype, W.K.Kepomox (I960) - no Gojlee MOAKMM 0TIMUAAM XapaKTepa
HaNnaCcroBaHMA M M0 MUKpoCTpyKType. Takum oGpasom, B.ll.ikacxos u
d.K.Kopouamk npepzaraiu "ruopuzHuit" nozxoz - BHZEA6HME IPynm no
MOpQoaOTHN, @ QOpM - N0 MHKpOCTpyKType. U.H.Kpeaos (I962) npea-
JBTaJ BHAGAATE (OPMH M0 OTAAWAM B MOPQOIOTMM CTOJCUK OB,

M.A.CemuxaTor (I962) noazepxan "ruGpuaHui" noaxox B.ll.liacaosa
u l.K.KopoioK, COBMECTMB BHZEJA8Hie rpynm (Bcaez 88 ki.H.KpuloBHM)
no TOMy K€ KOMOJEKCYy TpexX MopfioiioTiyeCKUX NPABHAKOB C BHIGJEHWEM
dopM no CTPOEHUD M TEKCType CJ08B (MUKDOCTpyKType). Ceiiusc aTOT
N0AX 04 NpUEMMEETCA OONbWMHCTBOM @BTOPOB, BMECTe C TeM OTAEABHHMM
uccreaoBaTeNAMM OPK BHAGJNEOHMM TPyNN MCNOABSYETCA TAKXE MWKDOCTDPYK-
rypa (Homap, I966), a npu BuHpe e HMM Gopw - MopdoA0IHUECKUE NpUBHAKM
(Kpuznos W.H., 1963, 1967). VMeHHO KOMOWHSUME MOPHONOTH YECKMX M
MIKDOCTPYKTYPHWX NPU3HAKOB 060CHOBHBAET (JOPMAlNbHHE TAKCOHH, HakWG0-
J66 WHPOKD PUMEHAGMNE B CTpaTUrpaduuecKoil NpaKTHKE.

Cpeau MCKON@eMHX CTPOMAT 0JMTOB HauGoJee MayyeHH pudelckie crpo-
maToauTH CCCP. X cTpaTurpaguyecKoe BSHA YeHWe OHJID AOKE83aHO HA 0DC-
HoBe: 8) napanze]MsuMa B CMEHE MX KOMIJIEKCOB B y78/eHHHWX paspesax
EspssuM; ) NpUyPOYEHHOCTH OAHOMMEHHHX KOMMJIGKCOR K MHTEpBalaM,
DZHOBOBPACTHOCTH K OTOPHX NOATEEPKAAETCA PEZMONOTMYE CKMMU K WC—
TOPAKO-TE0J0TMYECKUMY fBHHHMU; B) MBBECTHOM 8BTOHOMHM BSTHX KOM-
NAEKCODB Mo 0THOmEHWO K gauuaM (Kexmep u zp., I960; Kopoukk # Ap.,
1962; Kpunos, I963; Cemuxaros, I962; Komap ¥ ap., 1964, u Zp.).

HoaTee pEIGHMEM 3TAX BHBOZDE, CHOPMyAMpOBA HHHX HE MaTepHazax
CesepHoit Enpasium, ABUINCE puB ALTaTH NPUMEHEHMA K pujelicKuM cTpo-
MATOJMTEM APYyIAX YacTeil cHETE COBETCKOM METOZMKM M3V UsHMf. BHIO
NoKasaHo, YT0 BHAUATEABHO® KoAMyecTBO rpynn (GopmaibHux PeoB) U
pag Gopd (fopMBIABHHX BAJZOB) CTPOMET0MMTOB, onucaHHux B CCCP, pac-
npocTpaHeHH Zi@JIEK0 88 er0 Npejejaui, B TOM QMCAE W HA ZpyTHX KoH-
TUHEHTEX, TZe TI'PyNNApPYyHTCH B KOMOJEKCH, No CoCraly B Tolt MM
KHO# Mepe CX0jHHE C DAasBMTHMM B O0ZHOBOBPaCTHHX 0TJoxeHMAX Cepep-
Hoit Espas"u (T'onoBaHoB, PaaGeHd, 1967; PaaGed, 3a6pozun, I969;
Glaessner et al., 1969; Cloud, Semikhatov, 1969; Valdiya, 1969;
Bertrand-Sarfati, 1969, 1972; Bertrand-Sarfati, Raaben, 1971; Wal-
ter, 1972; Preiss, 1972, 1973, 1974; M.A.Cemmxaros, 1974;
h.C.Kpwnos, 1975).

46



B pupee CemepHoii EBpasu¥ HHHE yCTAHOBAGHO WTHPE IA8BHHX
Nocle 1088 TeJbHEX KOMIJAEKCA CTPOMATOQJIATOB, COCTEBJAAWWAX N&jle0HTO-
JIOTHYECKDE 0GOCHOBAHWE YOTHDEX KPYyMHHX XPOHOCTPATMUTPA (i YECKUX
@AMHMI - HMKHero, CpejHero, BEePXHOro W TepvmuHanbHoro puded. I'paHu-
LH MX CMGHH O0OHWHO AaTupybrcs Kak I350 (I400) + 50, 950 (I000) +
50 n 680 + 20 miH, Jer,

HeoGxozuM NoAYepKHYTH, Y'O0 DA3BUTAE MCCJEZ0B&HMI HE TOIBKO
CHJIBHD PaCMMPUJI0 CNMCOYHHI COCTEB KaXA0I0 W3 TAaKUX KOMIJEKCOB,

HO M NoXKasal0 3HAWITEAbHYO MpeeMCTBEHHOCTD 4x rpynnoB0oro COCTaBa,
[losToMy B mocaezHee BPeMA 0COG6HHO BOBPOCA& DOJNb ASHHHX 0 BUAD-
BOM COCT&BE CTPOMATOJNTOB., B CBASKM C STHM NOHATHE "BO3pacTHOH
KOMIJIOKC CTPOMAaTOIMTOB" HHHO oONpejelifeTCH KakK ycroilwBoe, aMion-
pPUYBCKHM yCTAHOBIEHHO® COYETaHWE ONpeJeNIeHHHX IpyMnn, [pezclaBle H-
HHX 0npezenio HHHMA $opmanmy .

5T0 He 03HAUBET, UTO OTNAJA BOSMOKHOCTL 7€48Th KAKME-IMG0 38—
KADYEHHA 0 BO3DPACTE€ HA OCHOBAHMM COGCTBEHHO CPyMMNOBHX KOMIJIEKCOB
CTPOMETOMATOB. OpHaKD HAMGD/EE yBEDPEHHHE BWEOZH I10Jy WWICA npn Kc-
NoAbB0BAEMM KOMNAGKCOB B TOJBKD YTQ NPHBEJEHHOM N OHMMAHMH. Poie
GopMaaBHHX BUJZI0B 0COGEHHO BEJMKS NpM BHAENEHMM B03PaCTHHX acco-
quaguit, KoTopHe UCHOJB3YNTCA NpU ZeTaansapuiu cTpaTHrpa@ui I'iEBHHX
noapaszenennii (Gurem) pudes. Taras aeTaaMsalMA NPOBEZ6HAE AAA Cpej-
HBro ¥ BepXHeTD Pufes W HaMeWHa 7Ja TepManbHoTo pudes (Kpwaos,
I1963; PaadeHn, 1964, 1967, I975; Homap, Cemuxarom, 1965, I968;
KpuaoB ¥ 7p., Kpeaos, llanosanosa, I970; CemdxaTor M Zp.,

1967, 1970; Komap ¥ ap. I970; PaaGeHn, 3acpozus, 1972; Komap,
1973; Danosanosa, 1974, # ap.). OcHoBoff pacune HEHUA CpeaHeT® pU-
fes cayraT TPU nocnezoBaTelbHHE accopMamMy rpynn u opd - CBETAMH-
cxaf, DMOAHAMHCKAA M JBXaHAMHCHasd. llociszHAR M8 HMX 0C0oOBHHO Wh=
poxo reorpaduyecks pacnpoCTPaHEHa W X0poWo BHZEAAETCA B pPAZE pas-
pesos CuCupu, B8 n-oBe Kopes, HameweTcdA B KwHoii ABCrpanud. B
BepXHeM pHdee 0TYETAMBO DAas3AMYENTCH /BE OCHOBHHE acCoqMaudd -
KaTa BoKaA (MaM GUpPBAHCKAA) M MUEBAPCKAA. X M0C./e Z0BETEJLEOCTH
yCcTAHOBNEHA B Npejenax Bceit Ypano-TUMAHCKoW o6aacTH M B3 3anagHoi
AprTure. /[peBHelmas M3 HMX, KaTaBCKAA &CCOLMANAA DACNpOCTpaHeHa
0DCOG@HHO WMPOKD: 0HA OTKpHBAET coG0il BepxHepUjeldcKy®n CyKmeccun
CTPOMBTOJMTOE M B pAze pailoHos CmGupu, um B ABCTpasmu. BospacT-
Holt oG®eM paccMaTpUBA6GMHX NozpasjieleHull vaMmepaeTcA LudpaMA MopAz-
ka I00-IS0 umH. Zer. il

OzHaK0 BOOPOC 0 CTpATUrpadMyYeCKMX COOTHOWEHHUAX CpEjke- M BePXHe-
pudeitickux oTioXeHAN M CTPOMATONMTOBBX KOMOABKCOB Cuoupu u KxHO-
ro Ypans noka He peweH ozHosHawo (Paades, I964; XOMEHTOBCHAN K
AP., I972; Komap, I973).
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B BauGolee MBY YOHEHX PETMOHSX M0 CTPOMATOAMTAM JZRETCH BHZ e~
JUTH ewe Go0Je6 APOGHHe 6ZWHUNH (CA0OM), KOTOPHO MMENT BAXHDe BHA—
4YeHWe IJA KoppelAndd BHYTPM ozHoro cdacceilsa (Kowsap M zp., 1973,

M Ap.). Ux BospacTHoM oOTEM COCTEBAAET HECKOAEKO AGCATKOE MUJLIA0-
HO® /I8 T, Boopoc 0 MEXPEryOHAIBHO{ BHAGDEAHHOCTM 8TMX OTHOCUTEIBHD
APOGHHX N0Apa 3ieleHu?l eme TpeOyer aalabHelhmero usyueHua. HeoGxo-
ZMMO MOZYEDKHYTH, 9T0 CIDM, KAKX DErMOHANBHHE IOZPIBAGJAE HMA, MOTYT
000CHOBE HHO BHZI@JATHCA TOJABKO M0 COpPUM paspesoB. TaKMM IyTeM
yZgseTcA B Toil uaM MHOM Mepe CHMBOAMPOBATH BAWRHWE UACTOD MECTHHX
(papualpHEX NpPMYMH Ha pasMemeHMe CTpPOMAT ONMTOB ¥ NOKA3aTh, YT0 BA-—
Gabzeemas B 0TZeABHOM Daspese NoCAez0BaTeABHOCTH WX Tpynnm U Gopw
BHZEPEABAETCA N0 NJIOUAZM. Jleo B - TOM, 4YT0 TAKAA BHASDXAHHOCTH AB=—
AfeTCA JMMB OZHMM M3 BOSMORHHX BApPUSHTDB DA3MEMOHWA CTPOMATUIMTOB
B npoctpaHcrse (Kosap ® pp., 1973; Cemuxarton, I974; CepelpaKos,
1975). B apyrux caywaax Gopus 4 Tpynns CTpoMaTONATOB A460 pacnpe-
7leJi6HH B ONpejeleHHOM 06BeMe Mopos GecmopsA0YHo Mo paspesy M no
WiomaAM, AM60 OKABHBAKNTCA NPUYPOYGHHHMM K ONPELEJGHHHM 30HAM na-
neofaccejisa, B pesyapraTe Yero B OZHOBOSPACTHHX TOMNAX DABAMUHHX
JYECTKOB @ZWKOTD POTUOHE HET OCWMX TAKCOHOB, CNOCOGHHX 00eCHe W Th
KOppeaAnan. :

OzHoft 8 HauG0nee BAKHHX NPoGA6M, CTOAWMX HA MyTH WCIOABBOBAHMSA
ACKONAEeMHX CTPOMAT 0NWTOB AJA CTpaTWrpafun, ABIAAETCA NPOGAOME KO-
JOTYYECKDl UBMEHWBOCTH WX Mopdozorum., Dromoruveckuit Gaxrop Zoi-
THe TOAH CYATEJNCA, 8 MHOTMMM MCCLEZ0BATENAMM CUATAETCA M CeifH@C
e7MHCTEEHHEM (AaKTOpOM, (OPMADPYLEAM MODPHONOTUD COBPOMEHHHX CTpOME-
ToauToB ( Logan, 1961; Logan et al., 1964, 1975; Monty, 1967; Ge-
belein, 1969; Hoffman, 1973, X Ip.). [oI BIAAHEEM YCHEXOB B CTpa-
TArpafnUecKOM UCHONB30BAHUA CTDPOMATOJUTOB B MOCTANECATHX T'ONAX
(B COBE8TCKO# aTeparType YTBepHWIOCE MHEHHE, YTO SKOJAOTHYSCKHE
yCJIOBMA MAIO0 BIAAIN HA MOPQHo0THMD pUfeliCKUX CTDOMETOJAMTOB M UTO
€CJM TAK0D8 BAMAHUO ¥ MMEAD MECTO, TO 0HO OCyLECTBAANOCSH NMUB KOC—
BEHHO, B pO8yJBTATE CMOHH [[EHOB0B BoAopocielt (thuinn. 1963; Ko-
poapk, I963; Paader, I969). liMeEHO 3TOT BHBOJ BCTPe YN HAMGBIE~
wyo KPUTUKY CO CTOPOHH CHOLMANMCT OB N0 COBPEMEHHHM CTPOMAT 0JU-
TaM. ;

OmHako B HacToAmee BpeMdA, B DPE3YALTaTeé NEeTATBHOTO H3yYeHHA
cTpoerus OmorepmoB (Kpwmos, 1965, 1967, 1972; llendmnn, 1965;
Bertrand-3arfati, 1970,1972 @ Ip.) M CHELMANBHHX MCCAemoBaHmit
ycnosuit pocra cTpomaromaToB (Cepedpsxos, 1971, 1975; Ceped-—
[IKOB M Ap.,[972), yCTaHOBJIEH DAL OPAMEDOB BHYTPMOMOI'SDMHOI
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WB8MOHUMBOCTH Mopdonoruu., OHa BHPAEEHa B NPOABJIGHMM B NpPeZemAX eAMu-
" BHX GuorepMOB MJAM GHMOCTPOMOB HECKOABKMX MODHOAOTHUECKMX MOZMPMKE-—
UA# CTPOMETONMTOR, KOTOPHE CBH3AHH B33MMONEPEX0ZEMM M, KaK mpa-
BUJ0, 00DOAMHOHH OCmME# MUKPOCTPY KTy poil. [ COBOKYNHOCTM TAKMX MOZH-
Gukanuil, BBATHX MB OZHOr0o GMOrepMa WUAW M3 OZHOTUINHHX GUOIEpMOB @7u-
HOTO NABCTA M 001aZaDmUX 6 MHON MMKDOCTPYKTypod, MPEZ-0REH TEPMMUH
"Guorepuen#t paa" (Kpumom, I972). [lpeanonaraeTcd, YTO 8T0 COBOKYd=
HOCTH MOPHONOrMYECHMX MOZUQUKAnMN, 06pa8s80BAHHHX OMNpEA6AGHHHM KOM—
NAGKCOM CTPOMATOAATOOGPE BYNUMX BOZOPOCJEH B MaBMEHARIMXCH SKOJ0IM=-
Y9CKHX YCADBUAX.

[lp¥yMEy BHYTDPUGKOTrepMHON HBMEHWMBOCTM MoD{O0JAOTMM MOCTPOEK CBABH-
BADT C OMOJOrMYSCKAMM DCOGEHHOCTAMM BOZOPOCAOBHX KOJOHMil, HAampuMep
C MX B0BpacTEHMM cTazmaAMM (Baacos, I965, I970; Kpuaoe, I967), C¢ us-
MEeHE HUAMU C0O0OOMOCTBa Bojopociell B pASHHX yWCTKEX HOJOHMM
(PaaGen, I969) mad c peakydeit GopMEpy DUMUXCA CTPOMATOAATOR EA WE—
uoHeHMA cpeas (Komap, CemmuxaTos, I968; Cepedpsxos, 1971, I975;
CepeGpAKOB M 7Ap., 1972; Serebryakov, Semikhatov, 1974;
llanosa mosa, I974,4 Ap.). CBA3® Mopdoierdwcko#f WBMEHEWBOCTH CTpPO-
MATOIMTOB C MBMEHEHMAMM BHOMHMX yCJOBMI! 0COGE@HHD 0TYeTAMEA B 16X
CIy W aX, KOrpa OUOrepMH 38KINYEHH BHYTDM DATMUUHO NMOCTPOEHHHX TOJW
M B paspese MOEH0 HAGADJATH NAPAJNNSJIELHO ONPeZEJeHHyD CMOHYy Moplo-
ZorMyecKAX MozuMdMEanEit moCTPoeK M HanpaBIeHHO® MBMeHeHME CocTasa
naM (M) TOKCTYDHO-OTDYKTYDHHX NpMBHAK0B Buemammux mopoz (Ceped-
paEoB, I97I, I975).

Hamuune BEyTpPHGUoTepMHOR MopdoaoruyecKoi MBMEHWBOCTM MOPOR-
786T onpeze eHHHE TPYAHOCTY B KIACCHQMKALANM CTPOMAT 0JNMTOB. B
CBABM C TOM YTO MUKDOCTDyKTypa, OCHYHO DACCMETDUBAEGMAA KAK NDUBHAK
§opus, DK@3HBEGTCH CXOAHOM y NpeACTABMTONEH! PASJAMUHHX MOPHoAOTH UE—
CHMX TPyOm M 78X%6 THNOB CTDOMAT ONMTOB, HOKOTOPHE WCCJE 7088 T JK
npezaaTald AONOAHATE MoPHOJAOTMUECKME NDHUSHAKM I'pPyNd MMKD 0CT PyK-
TypEumE (Komap, I966), 9To B pesylsTaTe OpUBENI0 K HeZO0OIeHKe
Mopfomoruu npu BHZeneHuM rpynn (HKowap, Cemuxaros, I968; Cemuxa-
T0B M 7p., 1970). Jipyrue MCCA6Z0BATEJM NpOALOKMIAM DacmUpUTH AMa I~
HOBH HOKOTOPHX Ipynn, BKINYMAE B HUX paj MopfoZordyecKMX Mozuduxa-
ouil cTpoMaToiMTOB ZaHHoro ouorepwma (Paaden, I969; Paaden, Badpo-
ZuE, 1972; Walter, 1972). OzHaxD TaEag NMPaKTHKE HE NOOWpPHAET-
cH 2Aua fopuaipHEuX KaaccHPuxanuil MexpyHapozHHM KO Z@KCOM N&aJ6000T8 HK-
YeCKo# HOM@HKJETY PH., BOJABWMHCTBD MCCHezoBaTelefl BUAAT PemweHUe Ipod-
neMH B npezmoxeHHoM H.H,KpuaoBHM BH@N6HMAM B Npefielax eZMHOTIO
GuorepMa PAZA MODPHOJOTMYECKHX IPynN CTPOMETOIMTOB B CTPOI'OM COOT-
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BeTCTBMM C ZMArHOSAMA. B AuTepaType MAET TAKKe NPOLECC yTOYHOHMUs
JIMBTHOBOB O0TABJABHHX Ipynn. C zpyro#ft cTopoHH, HABPeJA HEDOGXODAMMOCTE
B CO3Z8HMM CAMOCTOATeNBHON KiaccuPHMRALMM CTPOMATOAMTOE MO MUKPO-
CIpyKTypaM,

CyueCTBOBAHME BHYTPUOHOTEOPMHON MBMEHYIBOCTH CTPOMAT DJATOS Ka-
¥8TCH HEKOTOPHM MCCHIEZO0BATENAM HEOZDJMMHM NpPENATCTBAEM K UX MC—
NOJB30BaHMN B CTpaTUrpafuu. OgHaKD STO He TaK: MBMEHUMBOCTE Mopdo-
Ja0THM pudeliCKMX CTPOMATOIMTOB N0 BAMAHMEM BSKOJOTUYECKMX yCiaoBMH
He GEe3rpaHNYHA; 0HA 0CYLECTBAAEGTCA B M3BECTHHX paAMKax, OlNpezelfe-
MHX, BODOATHO, OMOTMYECRMMM GaKTopamu, J[0K838TEISCTBO 3TOr0 MpUH-
UMNUaNBHOTD NO0JIOXGHMA MAGT ZByMA TECHO CBA3AHHHMM NyTAMU, C ozHO#
CTOPOHH, BHAMBHWO KOHUEHTDPUPYETCA HA BHYTPEHHEM CTPOEHMM Guorep-
M0B, C Jpyroit = rIaBHNE YCUIMA HaANpaBAAOTCA HA yCTAHOBIAEHME M
BHECHEHME XApaKTepa KOpPPeJANWOHHHX CBASEH MeXAy MBMe HEHMAMU BMe-
LAapmAX OTJAOEGHUY M MBMeHOHWeM MOP)oJ0rUMM 33KJINYSHHHX B HAX CTPO-
M8TDANTOB. i

Mizsyuerue Guorepmos mpuseno W.H.Kpunosa (I967, 1972) K BHBOZY,
yro B GMOrepMax onpezeleHHNX CTDOMATOAMTOB HAGODH W CoYETEHHA MOp-
GonOrMYECKUX DABHOBMZHOCTE! MOCTPOER BIOJHE BAKOHOMEDHH M 4MCJIO H-
Ho OrpaHMweHu, Haxguit raxed HaGop, uaw "GuorepumHuil paz", sakmpua-
T 0ZHy XapaKTepHyD MoPhOJOTMYSCKYW Ipynmy, KOTopas cAaraert
[6HTPaIbLHy 0, HAMOO0IEE SHAWITENBHYD YacTh GUOTEPMA W B KpAEBHX
30HAX CONPOBOXA3ETCA HECKOJBKMMM ZADyIAMM, BIOJHE 0NPezeJeHHHMM
rpynnaMd. STH nociezHMe MOryT OHTH 0GMMMA y ABYX WM HECKOJNBKUX
GMOrepMHHX DAXOB, HO 0oOmM# HAGOD MODJOMOrMUeCKMX MOZMbMRamMit Kaxgo-—
r'0 pAZa ABAAETCA CHOELWEH THHM.

ViaywHne CTPOMATOAUTOB, BAKIOYEHHHX B COAMMEHTALMOHHHX DHT-

Max BeGoasmoit momeocTH (Cepedpaxom, I97I, I975), moxasaao, 49T
HanpaBeHHHE MBMEHEHUA yCJIO0BMil 0CAZKOHAKOMIGHNR O0TPAXAWTCA B 0I-
pezeNOHHHX MBMEHEHMAX MOpPf0JOTMM NOCTPOGK, HO OGHYHD He CKasHBAKI-
CA Ha MX MMKDOCTDyKTypax. YCTAHABIANBAGMHE B DA BHOBOBPACTHHX pHT-
MAYBCKHAX ToJmax HAGOPH MopPoNOrMYeCKHX DASHOBUAHOCTEH CTpOME TOIM-
TOB X0TA ¥ BEIDYaDT oOWMe CpynnH, HO B [6J0M 0KasHBANTCA CHeyndy -
HHMM B HMXHEM, CDB/IHeM, BEDXHEM M TEDMMHAIBHOM pUfee; OHM TAKKE
068 IANT pa SHHMM MMKDPOCTDYyKTypaM¥ HA pPasAWYHHX CTpaTUTpadu yecKux
ypoeaax. K amamormumeM BuBonam (Cepedpskos m nap., I1972; Ceped-
pAKoB, 1975; Serebryakov, Semikhatov, 1974) IDHBONMT aHAMS
CHyYa e IUKIMYHOrD  YBPEAOBAHMA B pABPesE GMOrePMOB PasHHX Mop-
(GoxornyecKMX Ipynn CTPOMATOJNMTOB, HAaNpUMep YBPEeZiOBEHUA TECHO CRi-
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BANHHHX M NepPeX0AAmMX npjr B Zpyra KoHOQMTOHOB, AKYTOQUTOHOBR M
pasmmuEHX BeTBMcTHX fope (Borax, UYalika, I962; Mamosaxoma, 1965;
Bertrand, 1968, M ZApP.). B0 MHOTUMX CJyUapX W3MEHEHWA GOpMH mo-
CTPOEK HE CONDPOBOXJANTCH WBMEHEHWAMA MX MMUKPOCTPYyKTyp. ST0 NOBBO-
JfeT NPpeAnoNaraTh, YT0 yCAOBMA CPejH He OKABHBAIM NPAMOTOD B0 3~
ZieiiCTBUA HA X4DAKTED MUKDOCTDYKTYD.

ila MBI0XEHHOID CIEZyeT, YTO B0 BCOX COBPEMEHHHX NOCTPOEHUAX
00 NCKOMEeMHM CTPOMATOJMTAM De3K0 BOBPOCAD 3HaWHME MUKDOCTDyH-
Typ. MUKpOCTDYyKTYDH COBPOMEHHHX CTPOMATONMTOB, Kak MH Teneph sHa-
6M, ONpezeAeHHIM 00p&BOM CBABSAHH C CHUCTEMATHYECKMM COCTABOM
COB7I8NMMX WX Bozopociell (Monty, 1967; Hoffman et al., 1969; Ge-
belein, 1968, 1974; Logan et al., 1974), flceo, ure B pudeii-
CKMX CTPOMATONATAX, NPOUEANMX CAOKHHY{ NMyTH ZMAreHeTHUECHAX U
SINTEeHETUWCKAX Npe o6pasoBaHuil, oYeHs TPyAHO HA{iTH neppuYHHE B
00 ZIAMHHOM CMHCJE 3TOI'0 CJA0B& KApGOHATHHE MMUKDOCTPYKTYpH, OfHaKo
MEOTOWICTEHHHE IPUMEDH HAXOXZOHMA MZAEHTUYHHX MMKDOCTDYKTYD
CTPOMATOAMTOB B OZHOBOSPACTHHX TOJNEX DasjiyHHX DaioHOB B nopo-
7ax, HaxO0ZAUMXCA HA DABHHX CTaZMAX BTODMYHHX NPeoCGpasoBamHuit ¥
MHOTZE 06J87]8DEMX DaSHHM COCTABOM, yOeXzawT B TOM, YT0 NOCT-
cepMMEeHTA[MOHEHE NPOLECCH He MOIJM KapAMHANBHHM 06DasOM M3ME-
HATH W4, TeM GoJee, NPe06pPasoBATH NePBMYHHE CTDyKTypH., 3 0CO0-
GeHHOCTM 3T0 CNpAaBeMMBO A OTHOCMTeNbHO (0JEe TOHKO3@PDHHUC-
THX (TaK HABHBAEMHX TEMHHX) CJI06B CTDOMATONMTOB, KOTOpHE M 38-
KA0YanT SNEMEHTH CTDYKTYypPH, BAKHHE ZIs AMATHOCTMKM (0pMAIBHHEX
BU0B. OTHOC YTEJNHHOE 0C0r&NEHMe TAKMX CIH0EE 0CTATOUHHM O0pIa Hi-
yeckuM (?) ¥ (MAM) TIAMHACTHM BEMECTBOM, 38TPYZHADNMM NpOLEC-

CH [epeKpUcTalIIMsaLMM, 00BACHAST 3T0.

JakaHuMBAA paccMoTpelie cTpaTurpaduyeckoit poaum crTpoMaAT DJIM-
TOB, HAA0 CKA3aTh HOCKOJABKE CI0B 06 afeCuilcCKAX UX npezcraBuTe-
nAX. HeCMOTpA Ha TO Y0 OHM M3y URHH ropaszo Xyxe pudeiicrux, cpe-
ZM HMX B IMTEpaType yKASHBANTCH I'pyINH, 0WHH OIUBK.E, 8 M0 MHE-
HAO PAZE TeoJoroB TOKAECTBEHHHe pasBUTHM B puiee (ocoGeHHD
B cpezaeM ¥ Bepxuewm) ( Hofmann, 1969; Hoffman, 1973; Walter, 1972;
Doneldson, 41976; lpaiic, Joatep, I975, U ZP.).

Hy®HO, OImHaKO, CO Bce#f ompeneJeHHOCTHED NONYEDKHYTH, 9YTO 3TH
BHBOINH OCHOB&HH HE HA U3Y4YeHMM apeCRiCKAX CTPOMATONATOB IyTeM
"rpafivecKOr0 IpenapApoBaHMA" B OmAcaHMA WMHOB, & INABHHM OG-
pasoM Ha NOJeBHX Had/mueHHsX X forTorpafuax. [omiTKa MPUMEHATH
BCH HEOOXONAMYD MeTONHKY ompenenenmit K adeduiickmM CTpOMATOMATAM
Kanamu HenmasHO mpemnpuHATa M.A.CeMAXaTOBHM. JTa NONHTKA IO3BOMMAIA
NoxasaTh cneuuduky pAZ8 CTPOMATOIAMTOR N0 OTAENBHHM, BHOODOYHO B3A-
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THM NpU3HAKAM, AGMACTBATE IBHO 0Y6HH GJAMBKUX MJAM MASHTHYHHX Cpe
He- WY BepxHepude HCKUM, ACHOD, YTO ZAA MOy WHHA OKOHYATEBHHX
BHBOZI0B Z0JKHD OHTH NPOZOJRSHO BCECTOPOHHE® MCCIOZ0B3HUME adeCHit—
CKMX cTpoMaTomuToB. TeM He MeHee y#e COMYAC MOXHO JK8B84Th PAZ
TGKCOHO3 CTPOMAET 0AWT0B, KOTOPHE WBBECTHH NOKA TONLKO B adecuu

M ycraHopJeHH B BECHMA Y878 HHHX DE3Pesax OAHDTO PeTUOHA MIHM Aa—
#6 HA DA 3HHY KOHTMHeHTaX. TakoBa Gruneria, KOTOpas M3BeCTHa B
CesepHoit AuepuKe, ABCTPaIUM M OEHOH Afpuxe ¥ no KpaitHel Meépe Ha
- AByX U3 9TUX KOHTHHEHTOE NpejCTaBIGHHAA OZHMM M TeM %6 QopManr—
HEM Buzom ( Cloud, Semikhatov, 1969; Walter, 1972).

Taxosa Pilbaria perplexa Walt., xoTOopasd H3BECTHA B ABCTpAJMM

( Walter, 1972), Kzro#t Afpure (E.Beprpan-CappatH) M Kama-—
ze (M.A.CemuxaToB). TaK0BH 0YeHH XAPAKTEDHHe® CT0JGY3To-OAACTOBHE
CTPOMETONUTH, ONMCAHHHE OZHMM U3 8BTOPOB JaHHO{ cTaTeM B Tpex
pasoCme HEHX paiioHax Kamazckoro mMTa (noposuHnus Caeis, Jacpazop-
CKuii Tpor, o-Ba beauep) W B Kapenuu, M HOKoTOpHe APyrde Trpyo-—
NH, ONMCAHWA KOTODHX 6me He oIlylJi0Ba HH,

TakuM oGpasoM, paccMaTpuBas 00Ny KApTMEY pacnpezeleHUA Opo-
16 poaofiCKMX CTPOMATOAMTOB, MH BUZMM HaJAMyue onpezeleHHEoit HeoGpa-
TuMo# HANDABIGHHOCTH B CMEHE MX KOMINGKCOB. BepoaTHo, 8T8 CMeHa,
KaK W npepnomaran B.A.Macnes (I953), oTpaxaeT 3BOADLMD HOHOBOB
BOZOPOCHE i=CTPOMETOMMTOOGPE30BA TO I M yCAOBMI 0CAZKOHAKONAGHM A
Ha 3eMle.

liMpoK 08 MCHOAB30BAHWE CTPOMATOAMTOR B CTPATUrpAfMUSCHMX OOAAX
0opoAMID HECKOJBKO pasidvHHX OOZXO0Z0B K 9TOMy BONPOCY. ¥ 9acTHH-
KM [l KoZmoKksuyMa mo crTpomaroautaM (HosocuOMpck, 2I-26 anpeus
I975 r.) OTMETMAM, UYTO OPM OZHOM MOAX0AS CTPOMATOAATH KCIOABBY DT~
cA TJaBHHM 00pasoM JHEP KaK MHCTDYyMOHT Koppelanqud, TorZ@ Kak
OpW ApyToOM OHM CIOYyXaT 0AHMM M3 IPIABHHX KDUTEDMEB DacCwiIe HOHHE H
Koppedanyu, I'DaHMOH BH7AGJAGMHX CTpaTUrpaduyecKMX [07Zpaszele Hd it
onpezeANTCA JAMO0 10 CMEHE CTpPOMATOAMTOBHX KOMIJAEKCO0B, JIHGO,
COTJBCHO ZPyTo#f TOYKe BPEHMA, N0 DOABAGHMD HOBHX TAKCOHOB CTpD-
MaTonAMTOB, [l0NOEOHME TPaHMN B KOHKDETHHX paspesax BO BCeX CIy=—
4yafx, 6CTECTBOHHD, KOHTPOAMPyeTCA PAZM0iOTHYSCKAMM ZSTaMU M
MCT 0DUKO=-TG0JOTHYOCKAME JAHHHMM, HO 3HA YGHMe BHTUX JIAHHNX AJA
pacuieHeHMA U KOPPENALMM 0COGEHHO NOA W DKMBASTCHA CTOPOHHAKAMY
nocneHe® TOYKM BPOHMA.

MoMeHT nmepBOr'o NOABJAE HUA KAKOT0-AMO00 TAKCOHA FBJAETCA He—
HaZiexHHM GuocrpaTurpaduyecKMM KpMTepieM, YTO X0pOMO MSBECTHO MO
DIIHTYy pacwieHeHMs (aHeposoA. [JJAA CTPOMATOJMTOB 9T8 HOHAZEXHOCTH
ene Gollee yCyryGJAieTCA SHA WATEJBHON! MPeeMCTBEHHOCTHD TPyMOOOBO-
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T9 COCTAaBa NOCASA0BATONBHNX KOMIAGKCOB M CHy YaaMH DAHHOTD NOABR-
JOHMA O0TAG IBHEX OpeJcTABETeNe# HoBHX I'PyNNoBHX COOGHECTB B HeZpax

' oTapux (BanpuMep, momBaeEMe Minjaria cpezd IMNa HjuE-
CKe it acconuanue B Juypo-MalicKom paiiome). Topaszp Goadee yoezuTelbHHE
. cTpaTHrpafMWwCKMe BHBOZH IO CTDOMAT 0MXTAM, KaK ¥ mo andoif apyroit
Tpyne opraHAYeCKMX 0CTATKOE, N0y WEICH HE OCHOBEHMM HBY WHUA
CMEHH MX KOMOJeXCo0B, HMeHED TAK GONBUMHCTEQ CNENMAIMCTOR N0 CTPOia-
. ToluTaM 00OCHOBHBEGT, K OpHMepy, TDAHANY CPeZHOT0 M BODXHATOD DH-
~fess Cuoupn (Epuuos u aAp., I968; Komap ® zp., I970, I973; Cemuxa-
0B, 1974; llanosazosa, 1974; JloxsEMK, BopoHnosa, I974; CepeOpAKoB,
. 1975; Paaden, 1975, ¥ 7p.). HcmonssoBaHWe JPyTHX NOZX0Z0B K onpe-

' gemeHMp 3Toro pyGexa (Komap, I973; XomemroBCKMEt M ap., 1972, I975)
DOBACHAGT CYyMOCTBYDHME paSIMYWAA BSIAAACR HA 6r0 NMONOEGEHE B CUOMP-
CKMUX paspesax.

lMepeitzeMm K pACCMOTPOHAD MAKpoQUTOIMTOB., OTH 00pa30BAHMA pacnpo—
CTpaHEeHH 0eHB MAPOKO N0 paspesy AoKeMOpMsa W daHeposod, HO CTpaTH-
TpafUysCKoe BHA YSHME OHM MMEDT II0KA TOIBKO ZJAA BODXHEI'D J0KEMOpUf
M HMEHETOD KeMODMsA, [ZABEHMM JMATHOCTMYGCKMMM NMpPUBHAKAMH MUK pofuTO-
IMT0B, ONpPOZI6AADNAMM N0JOES HAEe MX TAKCOHOB B mpUMeHseMOR JepMans—
Hoff KzaccubuxauMM, ABAANTCH QOPMH ¥ pDasMepH EGIBAKA WAM CryCTKa,
0C006 HEOCTM er0 BHyTPOHHOT'D CTPOGHMA W PESMEDHOCTH SIEMEHTOR
MUKDOCTDY KTyPH, @ B HEKOTODHX CIyWAX - TEKCTYpHHe 0COGEHHEOCTH
MEKDPo@UTOANTOBOY MOPOZH.

_CrpaTurpaduyecKoe BHA WWHWE MUKDOQUTOAMTOB, KAK M CTPOMATOIUTOB,
OHA0 BHABNEHO SMIMDUYECKM: B CEDUM yANEHHHX D&BDPES0B BeDXHETO
ZoxeMGpuA CHOMpM W Ypala OHJIA yCTAHOBAGHH YeTHDE MX KOMI/BKCA,
CMOHADMMAE OfMH Apyro# Bo Bpemenu (Eypasieza, Komap, I962;
Eympasnena, 1964, 1968; Hapoxsnx, I967; Mumsureim, I965, I970;
SadpoauH, I968; Hamsrep, I968; Pesenko, 1969, ¥ zp.). HyzHO nog-
YePKHYTEH, YT0 MUKDPODUTOAMTH Zald NepBoe NAJeOHTOIOTHYECKOE 0G0C-
HOBaHHEe BHZGNEHHA YeTBEDPTOT0 [ 0ZpAS8ZeN6HHA BODXHETD ZOKEMODUA M
JVmp N037HEE OHN&8 BHABIGHA cHeyujUKa ero CTPOMATOIMTOB. B KoH-

e 60-X I'oZoB CHIM CHENGHH NEPBLE METW B MCHOAH30BA HAM MUKDOHHTO-
NUTOB AAA BHAGMEHMA NoZpaspeleHdit, MojuWiHOHHHX 4YeTHDEM QuTe MaM
pudes ¥ OPOCACRMBEANMUXCH B DOTMOHANEHOM MM MEEpe 'MOHAJBHOM Mac—
mnrade. B.E.3adpoaus (I968), B.E.Muasmreite (I970), J.M.Hapoxuux
(1973), I'.A.Boponnosa (I974), l.C.fkmuE (I975), B.B.XoMeHTOB-
crult u zp. (I972) sucrynuau ¢ ZeTalusanuell pac WIEHeHMA HWKHETD,
CDOZHETD M BOPXHET0 DUfes Dasi“HHX DETMOHOB N0 MUKPOQUTOLATAM,

a 3.A.Kypasnera (Kypamiesa M 7zp., [969) npezioxuia TPeXUN6HH0E
JeJieHYe TepMMHANBLHOTD DHPen (OAOMUA) N0 0COOE HHOCTAM pacpe zele-
HAA OHKOZATOB W Kararpadmi.
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TrreBTCKAM aRTHYecKHil MATOpMAN, UBYYeHHHI cHemyua IACTAMA Io Mik
EpofuToIMTAM B NOCAGAHE® BDOMA, HE 0CTABIAET COMHOHMF B cnpapelin-
BOCTH JZIBYX OPUHNMONA IBHHX Nolox6HUU., Bo-nepBHX, BHJ6 NOHHHEO
3.A.EypaBnesoll geTHpe DHfENCHKMX KOMONEKCA MUKDOPUTONUTOE ABIANICH
8CTOCTBOHHHMM yCTOMWBHME 8CCONMANMAMA TEKCOHOE, COXpAHADMMME fAj—
po CBOEro CHCTOMATHYECKOrD COCTABA HA 3HAWTONbHOM TeppHTODUM. Bo-
BTOPHX, B RKA®Z0M A8HHOM paspese DU(es OPOMCXOZMT 0JHOHANDABIOHEHA A
CMEHS STHX KOMIJNEKCOB; 06paTHAA N0CIBZ0BATONBHOCTH KOMIIGKCOB B XH-
TepATy D6 He DOMCABA M, HACKONBKO HAM MBBECTHO, HATZe He HaCInNZR-
18Ch.

B MHTEpnpeTanMd STMX J@HHNX, K&K WSB6CTHD, HET ejMHCTBA, OZHA
M3 KpaitHMX TOYEK BPEHMA CBOAUTCA K TOMy, 9r0 OZHOTMNHAEA CMEHA MH-
KPOQMTOAMTOEHX KOMOJNEKCOB B yA@JSHHHX DA3pesaX (68yCAOBHO ZOKaBH-
BaeT WX crparurpafuueCKoe BHAUGHMEe W uTO KaxzHi TaKo#f KoMoiexc mo-
BCEMEeCTHO NpHypoYeH K 0NpPOA6NGHHHM BOSPACTHHM DaMKaM. [Ipu aToM He-
COBNAZIG HAA BOSPACTEHX ONpezeaeHMil N0 OHKOJMTEM C ZATMDOBRaMM, no-
Iy B HEEMM Zpy 'AMM METOZAMW, 06BACHANTCA HOCOBEPNEHCTHOM STHUX
MeToA0B (B NEpPEYM 0Yepezh PAZMOre0XPOHOJOTUYeCKMX ) M (maM) omuC-
KaMd B TreoJoTMuecKo#ft METEpmpeTamui paspesoB. C OpoTHBOOoA0XHOH
TOYKM 8PeHMsA, N0Z00HHe HECOOTBETCTEMF BOSPACTHHX ONpejedeHMil roso-
PAT 0 HOBOBMOXHOCTM MCIO0ABS0BAHWs MUKDoQMTOAMTOB ZAA cCTpaTMrpa-
(UM, '

BoABNMHCTBO @BTOPOB NPeAJaTaeMOoT0 ZOKI&aZa CWTawT, YT0 HOBEDHH
KaTeropMYeCcKUe yTBODRAGHMA 006MX KpaliHMX TOUeK SpeHMA. Hec oMHSBHHD,
Yro $acTh TEX HECOOTBETCTBMA, © KOTOPHX WAeT DeUh, 00BACHAE TCH

'nnmciuauu,n MHETE pNpeTELMA BOBpacTa TeX MIM MHHX CBMT. JocTaToyHo Mo-
KanaTeNbHHY npuMep B STOM OTHOWBHMM NpEACTABIAET Kaparacckas ce-
pus [IpucasHbA. BHBOZ 0 ZODZOMCKOM 66 B0BpacTeé, BO6DBHE CZieJaHHHM]

H&8 OCHOBAHUW M3y YeHAH MMKDOQMTONMTOB, B CBOE® BDeMA BHIBAJ Oy PHHe
BOBpaxeHWs PAZAa Ieoloros. Ho Teneps 3T0T BHBUZ NOATBEPEAAETCH CO-
CT8BOM CTIDOMETOJMTOB, 8 TAKEE DafiMOTe0XPOHONOTMYECKHMN Jia HHHMH
(BopoHuosa, I974) 4 BpAZA AU MOXET CepPHEBHO 0CHAPMBATHCH.

Buecre ¢ TeM B HEKOTODHX APyTHX CJydaAX 0GHApyEMBARTCH pac—
XOMAGHUA B BOBPECTHHX MOKABAHAAX MUKDODUTONMTOB, C OZHON CTOPOHH, M
CTPOMATOJUTOR B PAAMOMBOTONHHX ZAaHEHX - C Apyroii (Hanpumep, aJaa
MPHUKGHCKON CBUTH Jax8HAUHCKO! cepum), BUAMMO, KADUGBHM MOMEHTOM
B paspemeHMM TAKMX NPoTUBOpPew R OyzeT yrayGlIeHHOS W3y4YeHAE BINR—
HUA (anui BA 0COCGEHHOCTH BEDPTUKAJBHOTO Dacnpeziesie HAA - MkKpodu Tom—
TOB U M3y BHUE WBMEHUABOCTYM NPHBHAKOB MUKPOPUTOIMTOB 107 Boaje -
CTHUGM SKOJNDTWUSCKAX ¥ NOCTCEAMMEHTANMOHENX (axTopoB, [lepsHe MOMHT-
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Kd B DTOM HanpaBieHu# yxe caenaEd (Hypammesa, 1968; CeMuxaTon M
AP., I970; Hapoxeux, PadoTHoB, I972; XoueHToBCKMM, AxwME, I973;
Pazuonosa, I974; Bopommesa, I974; Badpoams, 1975; H.C.Kpumos, I975,
M Ap.), HO DONyuYeHHH® ZAHHHe NOKA He MOAZRWTCH 07HOSHaUHO! MHTEp-
nperanuu, Tax, HaopuMep, MH JiefiCTBMTONBHO BSHAEM OMHEIKOBHE WM

0% HP CXO0AHHE KOMONJGKCH MUKDOPMTOANTOB B pPABAMYHHX N0 COCTABY M
(anuanbHOMy THMY KapOOHATHHX M TepPUIeéHHO-KaPGOHATHHX ToJWAX, &
uccnegosaiug J. U, Haporuux (I973), TI'.A.Bopornosolt (I974) u S.A.Xy-
pasneBoil (I964) mpuBOZAT K BHBOAY O BIAMARMM fayuil ROIBKO HA KOIM-
YeCTBeHHHE COOTHOWOHWA QopM B accomuaguax. C apyro#f cTopoHW, MMe-
wTcH jaHHne (PaaGeH, Badpoaus, I972; BatpozuH, I975) 0 npocTpaH-
CTBEHHOM M, BepoATHO, (auyuansHO#l pasoGLEHHOCTH PAZl@ TAKCOHOER MHUKpO-
PUTDANTOB.

Y yBCTHAKM KONAOKBAyM&8 N0 MUKpofuroauram (Hosocuoupck, 7-I9 am-
peas I975 r.) B CBOGM DEMEHMM OTMBTHJM, YLD ANETHOCTUKE HEKOTOPHX
rpynn MaxpofMTOAMTOB B CBASH C O0TCy TCTBMEM B HMX OTYSTAMBHX mnep-
BMYHHX CTDYyKIyp BH3HBAGT OO0JbWMEe TPYZHOCTH ¥ UTO BNpPeAbL, A0 BHACHE-
Hif IeHe3MCA M yTOYHOHMA JMATHOCTAYECKMX NpM3HAKOB TARMX rpynm,
clleny 8T OTHOCHTHECA C OCTODORHOCTHEN K WX MCHOAB30BAHHD B CTpaTurpadun-
YECKMX LeJaX, B 0COGS8HHOCTH 5T0 OTHOCHTCA K DA 7MAJBHO—JYy YUC THM
CTPyKTypaM W HEKOTODHM ADyTMM OHKOJAMTEM, MODPHOJAOTMYECKM HauGolee
GIMBEMM K D0IMTaM., Yro X6 KacaeTcd TAKMX Ipynn, Kak, HANpPHUMED,
Vesicularites , T0 UX I'eHeTHYOCKAHA CBASH C BOAODPOCAAMA MOEST C Yk~
TaTHCA 70Ka38HHOH#, HECOMHEHHU, YTO G0JNE6 NOMHOE MEY WHAO HABBAHHHX
rpynn MMEPoOQMTOAMTOR AACT ZalbHelmee 000CHOBAHWE WX SHAWHMA AIA
pacwIeHOHMA M KoppSIARME paspe3oB pufes.

frak, MH BAAMM, YTO B BCOX IPyION MCKOMEMHX, DAacnpoCTPaHEHHHX
B Z0KeMOpuu, Haulo0aBUEee CTPATMIPAfMUECKOe BHA WBHWE B HACTORNEe Bpe-
M ruepT fuTouuTH, OHM cHy=aT oCHOBOM o6mero pacwieHeHus pudes,
H8X0ZAT yCOSWHO® NPUMEHEGHME B MEKDOTHORANEHON M MEXKOHTHHOHTAJBHOH
KOoppeAfnM¥ M03ZAHEZ0OKEMODUMCKUX Todm M B JETAAMBELHMK UX peTUOHA IE—
HHX CT paTurpadMyecKux CXeM; B [N0CI6ZHee BpeMA Noly WHR NepPEHEe ZaH-
HHE 0 CBOB0GpasuM afecuilcKoro KoMnJAeKca 9TMX olpasoBaHuil.

Bauzaltmas sazaya McCCI8f0BaTONGH# QUTOAMTOR B CTpa THTpaduye CKoM
aCNneKTe COCTOMT B yTOYHOHMM BAMAHMA QaUMANBHHX M [MOCTCELUMEHTE U~
OHHHX fABJGEMA HA JMATHOCTAYACKME NPUBHAKM DTUX 06pasoBaHuit U B
BH7S A6 HMM ZpOGHHX MOApPABA6N6HMI, 0COCHOBSHHHX (UTOIMTEMH, BO BCEX
ONOPHHX paspesax pudes. ToJsKe MHTerpupoBAHWE APOGHHX p6TWOHENE—
HHX WMKAJ NOBBOJMT Z6TAJMBMPOBATH OONy 0 mKazZy pudes M HA HOBOM y POB-
He nozoliTM K onpejelieHMD OCHOBHHX pyGexell sToit mxand.
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B.ApeHns, Keleuwagaaunos K.AB3oposcku (lomsua)
JUTOMIOTY ECKAA A CTPATUTPAQN YECKAA XAPAKTEPUCTUKA
IJATOOPMEHHEX OTJOREHWA BEHZA @ OCHOBAHUA HUKHETO

KEMEPdA B MOJBLE

BBAren, K.hendzion, E.Yaworowsky (Poland)
LITHOLOGICAL AND STRATIGRAPHIC CHARACTERISTICS OF VENDIAN
PLATFORM DEPOSITS ANRD THE BASEMENT OF THE LOWER CAMBRIAN IN
POLAND

The Vendian sedimentary cover is widespread in the eastern
part of Poland along the boundary with the U,S5.,S5.R. The Ven-
dian comprises (from the base upwards): Slawatycze (Wolyn),
Siemiatycze (Gdowsk) and Lubel (Korlin) formations. The Po-
lesie formation, encountered by only one borehole (Kaplonosy),
has been discovered under the Slawatycze formation. The Pole-
'sie formation, which refers already to the Riphean, is little
known.

Basalts of the Slawatycze formation occur as several
covers of different thicknesses with intercalations of pyro-
clastic and volcano-epiclastic rocks. The total Thickness of
the Slawatycze formation is as much as 372 m (Kaplonosy). The
Siemiatycze formation (arkosic) rests on the effusive forma-
tion with a clear interval. It is composed of conglomerates
and inegigranular non-layered arkosic sandstone (quartz, feld-
spar, muscovite). This formation loses its arkosic nature to-
wards the south., Juartz sandstone with intercalations of silt-
‘stone and claystone appears. The distribution of thicknesses
of the formation over the area points to the transport of sedi-
ments from the Mazury-Suwalki elevation composed of rocks of
the crystalline basement. Thickness of the Siemiatycze forma-
tion ranges from 100 m in the north up to 20 m in the south.

A gradual transition to the Lubel formation, which occurs
as a continuous cover only on the Lublin siope of the platform,
is traced at the top of the Siemiatycze formation. Claystones
with minor sandy-siltstone intercalations predominate in the
Lubel formation. The fauna is absent. FPilms of algae from the
group Vendotaenides (Vendotaenia sp. nov. and V.antigua Gnil.)
are often present at the surface of intercalations.

The Vendian deposits of the Lybel formation belong to the

same sedimentation cycle as the overlying sediments of the
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Klimontow stage (the base of the Lower Cambrian). The boun-
dary between these sediments is drawn in spite of a litholo-
gical transition, on the base of paleontological findings.

The EKlimontow stage is subdivided into three horizons:
the lower with Sabellidites, the middle with Platysolenites
and the upper with Mobergella.

The horizon with Sabellidites according to the litholo-
gical and faunal characteristics corresponds to the Rovno
horizon in the U,S5.5.R., its thickness on the Lublin slope
of the platform reaches 77 m; below, it is built of inegigra-
nular sandstone rich in glauconite and irregular siltstone
intercalations. Mudstone with muscovite alternating with a
fine-grained and inequigranular sandstone with glauconite
occurs at the top of the horizon. The typical organic remains
of this horizon include Sabellidites cambriensis Eichw. and
algae Tyrasotenia podolica Gnil,

The horizon with Platysolenites (up to 120 m) is repre-
sented by a green-grey claystone with irregular intercalations
of inequigranular and fine-grained glauconitic sandstone and
by scarce grains of feldspar at the bottom. Organic structures
of a crackstone type can be clearly seen in the sediments of
this horizon and traces of the life activity of organisms are
present at surfaces of layers.

Paleontological remains of the horizon with Platysoleni-
Yes are similar to those of the Lontova horizon in the
U.5.5.R.: Platysolenites antiquissimus Eichw., Serpulites pet-
ropolitanus Jan, Cnuphionella agglutinata Kirjan.

The horizon with Mobergella (up to 125 m) is distingui-
shed in the western part of the Podlyasie depression and in
the western part of the Baltic syneclise. It consists of fine-
grained and inequigranular sandstone with glauconite alterna-
ting with claystone. The horizon is characterized by remains
of Mobergella sp. and new trillobite-like forms: Livia plana,
L.convexa, Pomerania infercambriensis. So far the horizon with
Mobergella is registered only in a marrow strip along the
southwestern slope of the platform in Foland.

The age of sediments of the Zarnowiec formation distribu-
ted in the west of the Baltic syneclise is a particular pro-
blem, These deposits reat immediately on the crystalline base-
ment, and upwards they gradually pass into the horizon with
dobergella or even into the horizon with Holmia. The Zarnowiec
formation is built of quartzose inequigranular sandstones with




scarce interlayers of micaceous siltstone. The texture of the
rock is random, sometimes a cross bedding appears. Traces of
the 1ife activity of organisms are absent. The Zarnmowiec for-
mation ranges in age from the late Vendian to the Klimontow .
(Early Cambrian).

The structural pattern of the platform in Poland has'
been reworked at the close of the Precambrian against the
background of the gradually developing continuous sea tramns-
gression. Although the deposits older than the horison with
Holmia in Bast Poland are represented by different types of
littoral and offshore sediments, they form a continuous se-
quence. Such a situation gives the possibility to define a
biostratigraphic boundary between the Cambrian and Precambri-
an within this sedimentary succession.

BBEJIEHUE
danazHan oKpaWHa BocToyHo-Esponeiickoft ni:amqpopuu 88XBATHBAOT BHE W~
T@JBHYW YaCTH CEBE PHOW M BocTouH ol Moxbmu, HO KPOBAA NJBTHOPMH
Hurze B [losBme HE MpoOCTynaeT HA AHEBHYD N0BE PXHOCTH CKBOShE OCAZD %
HHA 10KPOB G0JI86 MOJOJHX 00pasoBaHuii. B pesynsTaTe MHTEHCUBHOR
TEeHTOHMYECKO! 7P AT@IBHOCTH, NPOABJSHHON B pPAasHOe BpeMs, 0CA 0 YHHIl
NOKPOB BeHZCKOr0 W Naneos0ficKoro Bospacta GHA paspymeH U CHECSH -
TIABHHM 06pasoM C NMOZHATEM M ropcToBHX oGpasopaeuit EA naatdopume.
PagmyuHbe Toamu f0ZBEPIIMCH CEOCY Ha DASHHX NJIOWAZAX NO=pABHOMY,.
BoJnsue Bcero yHUYTOMEHH BEHZCKMe 00pasoBaHud Ha cesepe [loasmu,
4 TaKEe HMUKHEKeMOPUIICKME OTJIOREHWS, NPEeMMyLOCTEOHHO OTHOCHMHE K
KINMOHTOBCKOMY fApyCy. Jyuue BCOI'0 0CaZKM BOHZE M HMEHETD KeMODHUS
COXPaHWIMCE B Wro-BoCTouHoi wacTH [loasuu (JGeABCKAN CKAOH MNIAT-
fopun).

BeHzacku# pcazouHHi MOKPoR HA niaTdopume B [lo/bwWe SaHUMAET YBKYD
noZocy B BOCTOYHO! 9acTH CTpaHH, y rpaHugH ¢ CCCP. K BeHZy oTHO-
CATCHA CJA4BATHLKAA (BOJHHCKAR), CeMATHUKAA (TZ0BCKaA) M JINCOAECKA A
Wa4 GanonoJsCKasd (KoTIAMHCKAA) cepud, Tam xe 06EADYXOHA NOTECCKAA
CepUA, MNpoifioHHAA TONBKO AByMA CKBaxMBaMM B [loasme (KammoHocH M
BycyBHO), OTHOCMMAA yEe K pufien, Ho eme HEADCTATOYHO M3y WHAAA,

Bume BeHZCKMX OTJIOEGHM{ 3a16rapT caMhe HHEHMe KeMOpHUIiCKue
0C87KM, BHZIGAA6MHE K&K KIMMOETOBCKMI Apyc. KaacTH e CKHE OODPOZH
9TOTD ApyCa COCTOAT 43 BAOZG@BCKOM (HMEHeN), MasoBenxolt (cpezheft)
¥ saBMuMHCKOHM (BepXHe#t) cepuii (CM.TAGHHIY)
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Tabela 1

Stracigraphic division in the
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JUTOJIOTH YECKAA W CTPATUTPAQN YECKAS XAPAKT EPMCTIKA

Ha rpucraznuyeckoM QyHzaMeHTe W Ha ocraTkax pudeiickoll ocajow-
Holt Toamy Moz HARHAM KeMOpDHeM saZerapT BeHJCKME OTIOEEHMA,
COCTOANME U3 JBYX KOMNJIGKCOB: BEDXHEro - MECYGHMCTO-8pPrUIIMT—
aleBPOMMTOBOTD M HUXHEro — TyhoreHE0-addysusHoro (pucyHox).

basamsTH CIABATHOKOM CepHM BaI6TENT B BUAE HECKOABKMX
NOKDPOBOB DasHo!l MOWMHOCTHM C NPOCAOMKAMM NUPOKAACTUUBCKMX U BYI-
KaHO—BNMKJIACTH W CKUX nopoi. Hanpumep, B KanmoHocax MOWHOCTH
caaBaTHNKOf C6pHMM, BMECTe C MOACTMJE DLMMY 8 DKOSOBHMM 1€ C W Hil-
KaMu, ocrTuraer 372 M.

CenATHOKAA (TZDBCKAR) CepUA B3a]6raeT HA o@dysuBHOI CE puK
¢ Y9TKMM DepepuBoM., OH3 NpeACTABIEHA KOHLJIOMODATEMA W 116CWBHU-
KaMd a8pK0s0BOr0 cocrasa (Ksapn, nonesoif mnaT, MyCKoBMT). ApKo-
S0BHO M KBEPUABHe NOCWHMKM 3TO{ cepuu npeuMyueCcTBEHHOD pasHO-
86DEUCTHE , CHOMCTHE, & TAKEE C NMPOCH0OAMU, OKpPaLGHHHMU reMaTi-
TOM, YINH nazeHus KoColf CACHCTOCTE AUXOAAT A 40°,

B pxHOM HANpaBIOHMY COMATHUKARA Cepus yTpauwsaeT cBoll apxo-
80BHIf xapaxTep ¥ NePEXOAMT B COPAD CANONOMBCKYyWD. [0ABAANTCA KBap-
neBHe NeCWHMKM C Npociolikamy aleBPOJUTOB ¥ apruiauTos, Pacrpe-
Z6JI6HME8 N0 NNOmMAZM MOmMHOCTE{l 8T0# cCepuM yKaBHBAET HA HANpAEBJIEHUE
TpaHCLOPTA 0CAAKOB C MasypcKo-CyBalIbCKOI'0 MOZHATHA, IAE DasMu~
BANMCH MOPOAH KDUCTANIMYOCKOr0 JyHaAMeHTa, MOMHOCTH 3T0il COpUM
usMeHuMBa - 0T I0O M HAa cesepe 20 20 M HA Kre.

B KpoBae COMATHOKOE cepUM 0TMEURETCHA NoCTeNneHHHER nepexoz K
I0GeNBCKO! COPMM, KoTopas saleraeT CHNOWHHM [OKPOBOM TOJABKO HA
Jn6AMECKOM CKIO0HE NAaTdopMH.

B cocrase iwGenbCKOR Cepu¥ fpepGiazapT aPTHIIATH C MEIKKMHU
N8CYAHUCTO-8A6BDOANTOBELY npocaoikamu. [locAeZEMe MOAYEPKHYTH T6 M-
HHM, C OJMBKOBHY QTTeHKOM 8PTHANATOM. Y4CJT0 NPOCHO6K ZOCTMIEET
I00 u 65555 Ba I oM MOWHOCTM NopojH. CAOMCTOCTH HepeTyAApHAS,
9acTo GecmopAzouHasd. MomHOCTE NpocloeK WsMeHwBa. [laKeTH
M@JKOCNOMCTOM NopOZH pPa8HOM MONMHOCTA WHOT/8 NepeclauBapTCA KpynHo-
SO PHUCTHMM NOCWEHMKAEMM M TOJACTHMM NMPOCAOAKEMM 8pPTHIIMTOB U &8Ja6B-
poaMTOB., QayHa 0TCyTCTByeT. Ha M0BE PXHOCTH ApPIMIAMTOBHX IPOCIH0=
6K 8aYACTYyD HAX0ZATCH IJEHKM BoZopocJell us rpynnu Vendotaenides,
BUAH Vendotaenia sp. mnov, H V. antiqua Gnil.

OTZoxe HAA IOGENBCKON COPUM BOHZA NPUHAZIERET K OJHOMY CE k-
MEHTANUOEHOMy LMENy C BHUONOXANMMM 0CAZKaMi KIMMOHTOBCKOFD Apy-
ca (camuit EMxEM# KemOpuit), HO HeMpPEDHBHOCTH 0TJAOKEHMI 0TME WwHA
npd GypeHMM ToABK0 HA JIDGJIMHCKOM CKJIoHe nuatdopuu, I'panuna,
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NPOBOZMMAS MOXAy DTHMH OTIOXeHHAME, 0CGOCHOBAEA NANEPHTOIOTHIOC-
KdMM BAXOZKGMM H yCTAHABAMBAGTCH, HOCMOTDA HE IMTOXOIMCEH
necTeNeHHHYM nmepexex 9T BOHZA K KOMGDHD.

KauMoHTOBCKER SpyC NoApasze Af6TCE BA TPK 80HH (repasoETa):
HuxHpD ¢ Sabellidites, CpeZEDD ¢ Platysolenites H Bepx-
Hpp ¢ Mobergella.

Cepus BAPJABCEA - B0BA C Sabellidites =~ OO0 AMTOJOTIMYECKOMY
M PayEMCTMYECKOMy COCTABY 0TBEYAET DOBGHCKOMYy IODMBOETy HA [I&T-
(Gopue B CCCP; ero MOMEOCTH HA JIDOAMECKOM CENQH® NEATHepMH Zo—
craraer 77 M. CopuUs COCTOMT MB DABHNSS DHECTHX nec WHMKOB, Gora-
THX PASYKQHATOM, ¢ HOpPABHOMePHD pacmpeze IOHEHMH & PI'MIIATOBHMA
Oopocleiikamd, Bume 3alerapT 8PrUANdTH 87A63DOIMTOBHG C MyCKOBMTOM,
nepecIa4BANMMOCH C MOJAKG- M DABHOBODHMCTHMH NOCWHHHERAMM C rIa-—
yEoHWTOM., X8pDAKTODHHH{ C0CTA3 OPraHA BCHKMX O0CTATEKOB HTOTe IOpPMBOH-
T4 clezyomuit: Sabellidites cambriensis Eich ¥ Bogopocau Tyraso-
taenia podolica Gnil.

Cepua MasoBengas — spEa ¢ Flatysolenites - NpeacTaBls BA
B6J6HE—COPHMA BPTHAIMTAMM C HONpABAIBHHMM IpOCHOUKAMH DaSHOB8pD-
HACTOID ¥ MOJKDBODHHCTOr®? IJgyKOHATOBOI'0 NOCYWHMKE, B HYBEX pas—
pesa — C DOAKMMM BODHEAMM MOJ6BHX WOATOB, B ocazkax sTOr0 ropHsoH-—
ra (MOEHOCTHD Z0 I20 M) ueTHo BHAGNADTCA OPraHMYECKA® CTPyKTy [H
TMOA KPSKCTOH, & HA N0BEPXHOCTAX CA06B — DAasHO0ODaBHHE CIBJIH
XUBHEZEATONBHOCTH OPIAHUBMOB,

[laneoHTDJ0rMIOCEaA XBPAKTODUCTUEA TOpPUBOHTA ¢ Platysolenites
TOXA6CTEOHEA TAEK0BOM A0ETOBCKOTe ropuspaTa CCCP: Platysolenites
antiquissimus Eichw., Serpulites petropolitanus Jan, Onuphionella
agglutinata Kirjan,

DaBHmMMHCEAR CEpMA - 89HA C Mcbergella = MOMHOCTED 20
I25 M BHpeZeHA B sanazHed wacTd [loZaACKoit BnazAHH M B 3808 AHOH
yacTd DanTuiickodl cuHeKIMBH. Ee ocajzKé COCTOAT M8 MOIKO- M pas-
HOBEDHACTHX NOCYHHHKER C rIayKOHMTOM, COZODEAEMX OpPOCAOKKH ap-
THINMTOB. QdayHa BSTEre I'OpH30HTA NpejACTABISHA DK3OMINADaMHd BHAA
Mobergella M HOBHMH HAXOZKAMM TPHAOOMTONOZOOEHX: Livia plana
Lendzion, L.convexa Len., Pomerania infercambriensis Len. [I®
CHX Hmop I'9PMBOHT C Mobergella perucTpuUpyeTca TOABKD B Y BKoH
noioce BZoAb caMoil sanazEeli USCTH CKI0HE NAATGepMHE B [loasme.

OcoGaa npoZeMa — BOBPACT 0CE7K0B XADHOBELUKO# CepHA, D3BBH-
Toli B sanazHofl wacTd bBaaTHBCKOW CHHOKIMBH. DTH OTIOXeHMA 3aJ6-
Ta0T NPAMD HA KDUCTANJMYOCKOM fyHzaMeHTe M KBepXy NOCTONEHHOD He-
pexoZAT B TOPUBOHT ¢ Mobergella MIM Za¥8 B 0CAJKM TIOpUBOE-
ta ¢ Holmia, XapHoBenxasd CepMA COCTOMT KB DABHOBEDHHCTHX
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EBEPNOBHX NOCYAHNEKSB C MM KeAMY6CTHOM NOAGBHX WOATER H DOAKHX
OPOCHeeR CINAHCTOrS ANeBpeauTa, CTPyETypa mepozs GecnepszewHas,
MEOTZ@ NOEBIAETCH KOCAA CIPHCTOCTS. OCTATHER (ayHH M CIOZeR Xue~
HEASATONHHOCT/ SPraHASMeB He HalizeHe. NapHeBONKAR CODUR - (ALME b~
HO OMH0e, H@ PABHOBDOMOEH0® NOAPAB/ONOHMe, 0XBATHBADES® AMANASEH
9F BODXHOr® BOHJZA A9 KAMMOHTOBECEOT® fpyca. :

Ha reppurepE HoXbNA NOPeCTPOUKA CTPyKTyDHOT® NIAEA NIATHE PMH
B KOHN® AOKeMODHA IpOMCXOAMIA BO BDOMS N0CTeNeHHs pa3BmBaBmefics

HONPSPHBHOH TPAHCTPECCHA MODS.

YCIOBUA OCAZKOHAKONIEHWR
CezMMEHT 00T Y9CKHe HAOADAGHHA KACADTCA CAMHX HEXHAX (peBHMX)
MOPCEMX oTJ0XeHH# BA BocTowHo=EsponeiicKe# nasrdepue B [oxsme.
figx "caMHMM JZDOBHAMM MODCEKMAMM 0TIOREHMUAMM"™ Ha 9Tofl mIomaZM HoHK-
MADTCA MOPCKH® OCAZKM, 3aI8TADEM6 HMXe IOpHsoHTA ¢ Holmia, Do —
OTHOROHMA KJHMMOHTOBCKOI'O ADVCS ¥ caMore BepXHEeTd BOEIS.

ADEOSOBHO NOCWEYRH COMATHOKEON COpHM — ROHTMHOHTAIBHHE 00paso—
BaEHg, COCTOZIMe W8 DAjA HANJACTOBAHMU QINNBHAIBHHX K0EyCOB.

OHM $0pASOBANMCE: B POBYAHTATE MHETOKPATH® MOBTOPANMMXCA OOZHATHH
i OMyCKEHM® KpucTANNMYSCKOre QyHAAMGHTE M HEKONMIUCH DA BBETBIE H-
HHMH DeKaMH.

KoHTMHeETaNbHENG 8JIIDBHAABHHE 0TIOREHHA, MOCTAMH NOACTHISDMME
ZApeBHE MM MOPCKME 0CAZKM BocTowHO! [loNbWH, SSNOJHANM yIay GI8EHHA
KpucTaniu gecKers ¢yHzaMesTa mepex HA WJ0M MODCRO# TpasHcIpeccHH
u Bo BpeMs (me EpaiiHell Mepe B HAWANE) CaMeli TPAHCTDECCUM.

B BocrTovHo# [oXsme MOpPCKas TPAaHCTpPeCCUsA, HEW@BUAACH B BOPXHe-
BaIZa#CK0e BpPeMA, OXBATMIA CHAWJA 00AaCTH BOAZMH Z0EeMODUiCKoit
naaTHopMb, B KOTODHX PaHBIN® BOSHMKAM TydoreHHo—oddysHBHHE o6pa-
80BAHMA CIABATHNKeH (BOJHMHCKEH) CepUMM, NBPOKPHTHO® KOHTHHeHTAXbHe-
aIInBUANLHEMY 8pKosaMd, Taxum o6pasoM, BAIZAHCKAe 0TIoEeHMA (KAK
KOHTUHO HTAABHHE anIapBuMl, TAE ¥ MOPCKMe) CHAYAJNA HARANIUBAAUCE B
JCI0BUAX BOJHHCKETOD CTPyKTyDHOr® NAaHA, BaTem MOPCK2f TpaHCrpec-
cHA "BHwis W3 GeperoB" BnajME BOJHHCKeM 3n0xd HA naaTdopue M mo-
CTONGHHD 0XBATHIS BHAWATEABHYyD 06JACTH BOCTOVHOHR M . CeBeDHDH
[onbuu, Mopckas TPaHCIPOCCMA pacHpOCTpPAHMIBCH B PeByIBTaTe mOrpy-
EGHUA KPUCTAAAMYOCKOTS (ynZi@MEHTE, NPOMCXOZMBUOTO B yCIOBUAX MHHX
HampaBJeHuil, 4YeM BOJIHECKM®, lTak, HA TeppuTopuM [lonbmu mepecTpoit—
K8 CTPYKTypHOIO NA8HA C BOJMHCKOr? HA HHRHeNale 030HCKuU} mpoMsom-—
Ja BO BPeMs OOCTeNeHHO HACTynammue# MopCEoit ‘TpaHcrpeccud. bmaroza-
DA 9TeMy B BoCToWHoi [lonbme MeABAAETCA BOBMOXHOCTH OIIpeIBNHTH
GHocTpATUIpaUUSCKYD TPAHULY MOXZy KOMODUOM M JIOKOMODMOM.
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Benzckue (BepxHeBaifiafiCKue) MODCKME OTIOXEHNA, yCTAHOBJOHEHE
B BOCTOuHO# [lesbme, NpeACTaBAOHN JNGEAECKo# ( KOTIMHCKOi) ce—
pueite OTiOXGHMR 2TOM CODHM COCTABAANT (43aAbHHIl DIEMEHT TpaHC-
TPECCUBHOIO KOMNOJEKCA 0CAajK0B., IT0 BBAMMHO MOpPOCIA/BANMHUECH 8p=
THIIMTH, 8J6BPOJAMTH ¥ NO6CYEAHMKM, 00pasypmue THO NOpOjH, HasHBa-
eMH# B monewe "nmepexiazaHnu"., HapapHe ¢ "nepexnajaHnamu™ B CTpo-
@HMM paspesa yuacTEYNT MOHEE MONMEHE MPOCAOHKM NeCYsHHKE.

CaMEMM xapaKTODHHMM CeZMMEHTEMOHHHMM TEKCTypaMd "nepeK/aza -
nes"™ InGeJasCKOl CepuM ABAADTCA 0YGHD TOHKAA TOPUBOHTANBHAA M
N¥HB0BAZIHAA CJAOUCTOCTH, 006 5TY CHOMCTOCTA YACTO OWBAKNT HEpe Iy .as p-
HHMA, PaccuMaTpuBaeMHe 0CAZKM HANOMMHAKNT OTJIONEEMA COBPcuEHHHX
JaryH W MOPCKMX MPUOPEEHHX 60JOT,.

Sajerapmye BHUE MOPCKM® O0TJI0XEEWA, 0THECEHHNE K KJIMMBHTOBCKOMY
Apycy, CIHOXGHH NeCwWHHMKAMM (YANLe BCEro MeJKo— ¥ Cp8JHe36DHMCTHMM,
pexe KpYyNHOBEDHUCTHMU) M &PrUAI4T-al8BPOIMT-NeCUBHUCTHME "nepe-
KISZaHnaMy™ ¥ apruimiTaMd, B nec ®HMKAX HACADAR6TCA KoCas CIOUC—
TOCTh W TOHKAA I'OPAB0HTAJEHEH CJADMCTOCTH, BOBHMKWAF B pesyabTaTe
aKKyMyJlaLMM B8 Oappepax M4 NeCYAHUCTHX MBJKOBOABAX, NDOCTHDEREMXCA
BAOJL Oeperps 6acceiHa., "lepexnapaHuu" KJIMMOHTOBCKOTD fpyca oTJd=-
W@WOTCA 0T "nepexJajaHnes™ ANGeJBCKOM CepHM npexae BCero Ooasmeit
MORHOCT b NayeK (740 HECKOJBKAX CAHTMMETDOB) M caMux npocinoes, Cop-
MECTHO C apruildTaMy 0HH NMPeZCTaBAANT CO0G0M pesyAsTaT &KKyMyld-
LM B 0TZAJ6 HHHX 0T Gepera neHTpalbHHX pajioEax 6accelHa, Kak B
ID06JAbCKOo# CepUM, TEK M B OT/JAOXGHUAX KIMMOHTOBCKOI'D Apyca Hadiao-
J80TCA CleJH EABHOZeATEIEHOCTM OpraHAsMoB (CMOTYpoannu).

BHmMeWBN0X6HHHE HAKTH C CEAUMOHT 0JOIMY6CKON TOYKH BPEHHA MOZHO
MCTOJIKOBHEATH CHOZyOMMM 00pasoM. B HacTyi@BumeM (TDAHCTDPOCCUBED)
BAJA ICKOM MOpDe 00pasoBHBANACE TPM OCHOBHHE (anuanbHhe 00J8CTH:
npuGpexHas B80HE 8pTUIIMT-aJeBPOAMT-NeC WHUCTOA BKKyMYIAOMM, 01—
JajleHHaA 0T 0epera apruJadT-sieBpOJAT-IECWHACTAA SKKYMyJIANUA M
pasfe.fbmas MX B0HA GAPHEDOB M NECYAHMCTHX MEIKOBOjMA. B pesyas—
TET6 TAKOT0 pasMemeHdA PapMalbHHX 006A8CTei! N0 Mepe PasBMTUA TpaAHC-
rpeccud o6pasoBalack CJ6AYDIA A [0C.e Z0B& TeBHOCTE 0TN0XKEHWNA:

B J0OGJABCKON COPUH = NPUGPEEHHE 8pPrUiUIAT-aJeBpoJidT-116C B HACTHE
pcazKd; B KIMMOHTOBCKOM AQycCe = 0CajikM GaphepoB ¥ NeCYaHUCTHX
MEJKOBOZMi, 8 BHWG6 = &PruJIMT-8A6BPONMT-NEC YOHACTHE 0CaZKM oTza—
JeHHHX 0T (6pera pajloHoB Oacceiiha.

lipezicTaBAeHEAA CX6M& WealW3HPOBAEA, TAK KAk B ZI6ACTBUTE IBHOC-
TH 0TZeALHHO® THUNH OCEJK0B MHOTOKDaTHO BHKIMHWBAWTCH B pABDPE 36,
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[lpuépexsas Qanus IaryHHO-GON0THHX "nepexnazaHuyes" (andensckasn),
O0THOCHMEA K BAIJSHCKON cepun, B HOKUTOPHX palioHAX MOTJIA MNOABMTECHA
TEKXO ¥ B CAMOM HHEHGM KEMODUH.

HecmMoTps H8 MBEBECTHHE JOKAaUbHHE D&BMHBH, ONMCAHHHE 0TI0OXOHUA
BocTouHOff [loABMH COCTABAADT HONDEpPHBHHE CTpaTMrpaguueckuis pas-
pes. OTeT BHBOJ ABA 6TCA BAXHE ANMM NPH BHOOPE STAJOHA AJA BHAC-
HOHMA TIPaHMOH MOXZYy KemMOpueM ¥ JoreMOpueM, CiepyeT 0TIAAYATH pas—
MHBH, BH3B&HHHE [DWYMHEMM POTMOHAJBHOI'0 NOPAAKE, 0T PaaMHEOB,
CBABAHHHX C MpPOLECCAMM BRO3MM M CONYyTCTBOBABUWEH 6 GKKyMy AL uUM
B COOTBETCTBYyWmO i CezMMEHTAUMOHHO# cpeze. PasMHBH BTOPOIr0 NOpAZ-
K8 KacanTCA TOJBK0 HECOIBUMX NAONEJ6 M ZIHE M COBEPNEKHOD He CBUpe-
TeABCTBYOT 00 M3MEHOHMM CDOZH COZMMEHTAanuM., OOmMA X6 npofuiap BTUX
9CAZK0E C CEZMMGHTOJIOIMYGCKOR TOYKM BPOHHA FABJAAETCA HENPEPHBHHM.
Takoe nojioxeHWe Z86T BOUSMOXHOCTD B [P6J6JaX STUX 0CAZKEB yCTaHo-
BUTE OMOCTPATUTpa(dM WBCKYR PPAHMIY MEEJYy KOMODMEM M Z0KeMGpDMENM.



QMo 6 AN > MO Hpga,E.Xacyu, B.Bea g EpH TS
H e B e c (Bpasuuus)
BEPXHU! ZIOKEMBPHIl WEHO{ AMEPHKM

F,FM. de Almeida, Y, Hasui, B.B,de Brito
Neves (Brazil)
THE UPPER PRECAMBRIAN OF SOUTH AMERICA

Cpezuuit AoKeMOpMit B UxHO# AMepUK6 saBepmMACH oKeJao I800 MiH,
JneT HABAZ C OKOHYAHMeM TpaHC-AMEBSOHCEOTO [UKIA M KOHCOIMZS—
nueit oOmMpHOH KpaToHHOHN 00AaCTH,

Ha kparoHe I'yamepe ¥ Ha TuaBCKoM murTe (AMasoHCKaA
nuartjopma) B npejenax BpasuiMM 0AHOBDEMOHHD C HAKOIZS HUOM
' HeMeTaMoPPUBDBAHHHX MOIACCOMZHHX Tolm NPOABANCA METOHCHBHHM
WHTDY BUBHHI MU BKCTPySHMBHHY Kuciuit maruaTHsM. K-Ar H Bb-Sr
ZGTMPOBKM NOBBOJIADT CYMTATH, 9YT0 STH MPONECCH JOKAIMB30BE-
I4CH B M0J0CAX CEBOPO-B3ANAJHOT0 NPOCTMPAHHS, KOTODHO MUI-
pHpoBald B0 BPSMEHM C CeBEDO—BOCTOKA HA WIo-3amajg M mpeH=—
MymeCTBOHHO mpeaBda;Mch 1720, I580 u I000 miH. 78T Basazx
(onusoZH Paraense, Madeirense ¥ Rondoniense),Ha Teppm—-
Topu# I'BuaEH M BeHecys N NDOABMINCE  COCHTHA- C BOB~
pacroM 1200 maH, 78T (TAK HABHBAGMHN BMMBOA Nickerian,
K'muduku, muE  Orinoquense). Bce aTH TeKTOHO-MArMaTH-
Y6CKMEe COCHTHA MBy YoHH 6mE HeZ10CTaTOYHD.

oMo 2THX coOHTME naaTdopMeHHOI® STANma B TOYSHHUE
NosHET0 AOKEMODUA NMPOMCXOAKIS DBOANNMA IAHE REHX CRIAZ -
THX N0OACOB, 00PAMAABNMX NABT@opMeHHYD 00zacth TpaHC-AMa-
S0HCKO# KoHCoZMzanu¥, OHM xXopowo OGHAXGHH B §DasSHABCKOR
yacTi KEHO-AMEDAKSHCKOR MmaaT@opMH.

HauGonee ApeBHME nosc, pacnoJoXeHHHE Mexzy Can—
$paHyMCCKMM M T'yanopCKMM KpPaToHAMM, XAPAKRTODHBYyETCA HNPH-
CyTCTBMOM MHOTDYMCIOHHHX Ga8UT-yIABTPAGASHTOBHX MHTDY BHI
M MeTaMoDPUSMOM BHCOKMX aaBIenuit., Ero BospacT, BepeATH,
uexzy I000 ¥ I400 wuH, ner (uuEa Uruaguano ). Jlpyrue
noAca pABBMBANMCH B TOYeHHWE EpasUIBRCKOTO OUKJA B KoHOE
N03/IHEr0 ZI0KeMOPMA M SABE DUMAN CEOE DASBHUTME B KeMOpo-
0PZOBAKE.

oT0 nosc [laparyaila-Aparyafia no xpass xpaTosa I'yamo-
pe, BpasuIbCKEil mosC no Kpasm CaH-QpaHQMCCKOI'0 KpaToHS,
nosc PuGeipa HA ATAGHTHYECKOM N0CEDEXBE MEXAY JpyIBaeM
4 mrarou Bauas, nosca Cepxude u Kapupu B ceBepo-BocTow
Holl Bpasumuu, mosc Iypynu no Kpaw Kpatona Can-liykc.
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O7M nosca BHIDJAHEHH OPTOTeOCHHKIMHANBHHMMU T0JIAMH,
lieraMop@usM X MEHAETCA 0T B6JOHOCISHLEBOH A0 aMpuOodu-
TOBOU (ayun, HapacTas K BHyTPeHHWM 30HaM. WBAUMANBHHHR
OCHOBHON MBTM( TH3M HOCUN AMCKPETHHN XBpaKT8D, & yABTDA-
DCHOBHO{ MaTe, a8l CHCTEMaTMKM OTCYTCTBYyET. HUCIHA CHEH~
W IIOCTTEKTOHWYECKAA MAIMATHSM B 00WeM OHI 0YeHbL MHTEH-
CUBHHM, IJABHEM 06pasoM B ATJ4HTMYECKOM OKPauMHHOM INOfA-
ce.

Bce aTi nosca SAKANYEHT B CBOMX BHY TPEHHMX W OKpa-
VHHHX 4JacTaX pA300UEHHHEe MDJACCOBHe M BYJIKAHUYECKHE dop-
ManMA. OKBUBAJBHTH HOKOTOPHX I'e 0CHHKJIMHAIBHHX TOJNm 00—
pasynr™ Yexod KpaToHuB. B BoCTouHoit wacT¥ AHZ 0T BeHe-
Cyanms Zo MaM, 8 TaKKe HE WEHOM nocdepexse [lepy u Creppax
llaMns ceBepHOM APreHTMHH OHIO yCTAHOBAGHO WMPOKOE pacnpo-
CTpal.6HNE MBTA0CAZ0YHHX M 3PEyBHMBHEX TOMNN I'60CHHKAMHANE~
HOTO TWIla, MCOHTABUMX JMEHE #HYyD CKIaZuyaToCTh, MeTaMopdusu
¥ IpaHUTH38LUD, NPEANON0OXKMTEABHO MOBAHEAOKEMOpHHACKOTD
Bo@pacTa., JOKeMOPHHCKUI BOBPACT 9TUX TOJH yCTAaHABAMBAOTCA
crpaTurpadu YeCKUMM M PEIMOMETPUUECKMMH METOAS8MH, HO He-
KoTopue Tonmu Crepp [launu, CyzAd MO0 UMEOWMMCH 78 HHHM,
AMenT 00Jiee MOJ0A0/A BOSPacT.

PacnpocTpaHeHMe BepXHEro J0KeMOp¥a B AHJIaX N03BOJs6T
AyMaTh, YTO B TeYeHUO J0S7HEI0 ZOKEMOpAA OCLMpDHHE CRIaj-
JaTHE N0fCa pasBMBAAMCH BAOAL 3anazHoi#f oKpaumHd AMas0H-
CKOM nuardopmu, Ha aTH nosca Hazoxuiuch faHepoBOHUCKME TOR-
TOHO-MATMATAY6CKME LMKIH.

[laTaroHCKuil pervoH ADreHTMHN 0THOCHTCA K MOXozoff smu-
najgeosofickoit niardopue, ¢yHAaMEHT KoTopo# vacTHyHo obpa-
30B8H METAMOP(DH YECKMUMA NODOJAMM M TDAEMTOMZAMY I1De AN 00—
EATENbHO ZOKeMGDUACKOTO Bo3pacTa. 9TM nopozs dyHnameHTa
00HaX6HH TJIABHHM 00pa8soM B NMpoBMENMAX PHo Herpo ¥ oyr,
HeykeH, lx BoBpacT 6me TOUHO He YCTAHOBIGK, W HOKOTOPHE pa=
ZMOMOTDUYECKME JAHHHE NOKASHBAKT, YT0 OEM YECTH UHO ABIA-
DTCHA AEGBOHCKMMMU.

1. INTRODUCTION

A great deal of stratigraphic, petrographic, structural, tectonic
and geochronological data, as well as geological maps have been
published in the past decade on the Precambrian in South America.
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Some synthesis has been made and the most important ones guided
the elaboration of the Tectonic Maps of Brazil (Ferraira, 1972)
and of 3outh America (in print).

The Upper Precambrian’ is the best known time interval because
its geologiczal events and units are more easily recognized. The
available data on the Middle and Lower Precambrian are still insu-
fficient for an adequate reconstruction of their geological history

This paper presents an approach of the structural framework
and tectonic evolution of the South American Platform during the
Precambrian, with emphasis on the Upper Precambrian time interval

2. THE SOUTH AMERICAN PLATFDRM2

The South American Platform is the ancient platform of South
America and occupies the major part of the continent. Its western
border was reworked by tecto-orogenic processes of the Andean
Chain, and its boundary is covered by sediments. To the north and
east, the platform's borders are submerged under the Atlantie
Ocean. The Patagonian Platform, consolidated in the Upper Paleo-
zoic, is at the southern limit of the South American Platform. The
sedimentary cover over this boundary difficults to trace its exact
delineation ; but it should be located south of the Sierras Austra-
les and east of Sierras Transpampeanas, in Argentina (Fig. 1).

The basement of the South American Platform is exposed in va-
rious massifs and in three shields. The massifs are found in the
north of Argentina, in Eastern Paraguay and the central north of
Brazil. The shields are the Guiana, Central Brazilian and Atlantic
Shields. In the last one is included the exposed area of Uruguay
and Southern Brazil (Fig. 1).

The sedimentary or volcano-sedimentary covers were formed du-
ring the Silurian-Jurassic in orthoplatformal conditions, and
after the Upper Jurassic they were formed furing a tectono-magmatic
reactivation of the platform. The Cisandean Dalle was formed on the
Andean edge of the platform, during the Cenozoic. The evolution of

1 The division of the Precambrian adopted in South America is the

one proposed by Almeida (1971): Upper Precambrian, 570-1800 m.y.,
Middle Precambrisn, 1800-2600 m.y. and Lower Precambrian, more

than 2600 m.y.
2 South American Platform (Almeida, 1971) substitutes the name

Brazilian Platform (Almeida, 1967).
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the South American Platform was analysed by Almeida (1969) and
will not be discussed here,

In addition to these covers, there are those formed in the
Upper Precambrian over the oldest areas.

The South American Platform consolidated as a result of the
geosynclinal and tecto-orogenic processes which began ca. 1000 m.y.
and ceased between the end of the Precambrian and the Cambro-Ordo-
vician, included in the Brasiliano Cycle (Almeida, 1967).

Fig. 2 shows the major geotectonic units of South America.

The Uruazu Belt, in Fig. 2, presumably developed between 1300
and 1000 m.y. in the Uruaguano Cycle?,

The regenerations of the Upper Precambrian saved large areas
of the formerly consolidated platform, which acted as the forelands
with relation to the geosynclinal belts and regions evolved since
then. These cratons are shown in Fig. 2, as well as the fold
belts and regions.

The several indicated units will be described in the next
chapters.

3. THE CRATONIC AREAS AT THE BEGINNING OF UPPER PRECAMBRIAN
AND. THEIR EVOLUTION IN THIS TIME INTERVAL
3.1. Amazonic craton
The Amazonic Craton (or Amazonic Platform, Suszeynski, 1970) is the
largest unit of the South American Platform. Its eastern border
touches on the Paraguay-Araguaia Belt and the western border on the
Andean Belt. Its basement is exposed on the Guiana Shield as well
as on a large part on the Central Brazilian Shield, where it was
called Guapore Craton (Almeida, 1964). Fig, 3.
The Amazonic Craton is still little known, mainly as a result
of the dense forests and deep weathering. Some studies were reali-

3 This cycle was originally called Minas-Uruaguano by Almeida
(1968), but the Minas Supergroup showed to be older than 1300 m.y.

% Craton in the used sense means platforms with basement consolida-

ted during pre-Brasiliano times; generally the geosynclinal de-
velopment finished with the Trans-Amazonic foldings (ca - 1800 -
1700 m.y.). This meaning is in accord with that one adopted for
the second edition of the Tectonic Map of Europe and adjacent
countries (1:2 500 000), as noticed in the Explanatory Note
(UNESCO and Academy of Sciences of the USSR, 1973).
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zed along rivers and in areas of economic interest, with descrip-
tions of stratigraphic sequences and radiometric analyses by K-Ar
and Rb-Sr methods. Many synthesis papers are published, the most
recent of which are those of Choubert (1974), Singh (1974), Amaral
(1974), Issler (1974), Montalvdo (1974) and Almeida (1974a), There
are numerous and profound controversies over the stratigraphic co-
rrelations and geological interpretations.

The oldest rocks are metasedimentary and metabasic rocks meta-
morphozed in amphibolite and granulite facies, frequently migmati-
zed and penetrated by granitoid rocks. Their age corresponds to
the Guriense5 and Jequis, and form the Coeroeni-Fallawatra (Suri-
name), Kanuku (Republic of Guiana), Ile de Cayenne (French Guiana)
and Imataca Complexes, as well as the basement of the Grado Para
Group (Serra dos Carajas, Brazil) and the granulitic rocks of Rio
Falsino (Brazil).

Large areas of this region were subjected to geosynclinal evo-
lution in the Middle Precambrian, during the Trans-Amazonic. Sedi-
mentary and volcenic rocks may be found there, which were folded,
metamorphosed and penetrated by abundant acidic intrusions. Among
the various stratigraphic units, the Grao Para (Beisiegel et al.,
1973) and Amapa Groups (Bragil), Orapu-Bonidoro (French Guiana)
and Armina-Rosebel (Suriname) Series, should be mentioned. The
Pastora Group (Venezuela) and Barama-Mazaruni Complex (Republic of
Guiana) were correlated to the above, but the data of Hurley et
al, (1973) seem to indicate that they are pre-Trans-Amazonic mate-
rials.

The Trans-Amazonic rocks show ages of 20004200 m.y. for the
metamorphism and many granitoid intrusion. This was followed by the
deposition of molassic sediments (Rio Fresco Formation, Brazil;

5 Thre

e major geotectonic cycles are considered for the evolution
of South America during the time preceding the Upper Precambrian.
The corresponding metamorphism and granitization epochs have been
approximately dated and they was considered for the division of
the South American Precambrian. The cycles are: Guriense, of
more than 3000 m,y.; Jequié, of more than 26004100 m.y, snd Trans-
Amazonic, of more than 18004100 m.y. 4s their beginning ages are
unknown, these denominations are also employed to name the time
intervals between the metamorphism and granitization epochs.
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Muruwa Formation, Republic of Guiana, Orapu and Bonidoro, French
Guiana; Cinaruco Formation, Venezuela), and the intrusion of grani-
toid rocks dated ca. 1800 m.y.

In the Upper Precambrian, the Amazonic Craton underwent reac-
tivations between 1700 and 900 m.y. With the resultant paraplatform
conditions molassoid sediments were deposited along with associated
acidic and intermediate volcanism end granitic intrusions. The sedi-
mentary and volcanic covers have been eroded and are not continuous,
nor are observable complete sections, making difficult the strati-
graphic study and correlations.

The radiometric datings of these volcanic and intrusive rocks
are not yet sufficient. Nevertheless, an examination of the datings

shows that at least in the Amazonic Craton exposed in the Central
Brazilian Shield, the older ages are concentrated in east, while
the younger are in the west. There have been some attempts to dis-
tinguish the reactivation events in the Platform, and several were
proposed, though not always convincingly.

The stratigraphic sequences suggest that two major events may
be considered, with approximate ages of 1700-1400 m.y. and 13%00-
900 m.y.

The first event is characterized by acid to intermediate lava
flows, including restrict molaasic intercalations and co-magmatic
intrusions. The Sobreiro, Uatuma, Iriri and Surumu formations in

- Brazil, the Kuyumini and Iwokrama formations in the Republic of
Guiana and Cuchivero Formation in Venezuela, seem to have deposi-
ted in this period. The molassic continental sediments that cover
these units have diverse local designations, like Gorotire, Bene-
ficente, Dardanelos, Mutum-Parana and Roraima Formations. The
latter presents in some locations basic intrusions of 1500-1700 m.y.
At times they have been taken as indicators of the end of a reac-
tivation process, but some granites covered by the Roraims Forma-
tion seem to be as young as 1490 m.y. (Bellizzia, 1975), Granitic
intrusions also exist in that formation (Colvée et al., 1975).

The second event is called Rondoniense Event on the western
side of the Central Erazilian Shield (Amarsl, 1974), Jari-Falsino
on the Brazilian side of the Guiana Shield (Montalvdo, 1974),
K'mudku in the Republic of Guisna and Nickerie in Suriname (Priem
et al., 1971). During this event, molassoid sediments were deposi-
ted together with acid to basic effusives and granitic intrusives,
many of which are tin-bearing. The Cadiueus, Cubencranguen., Palmei-
ral, Acari and Amoguijd formations, among others, could be attri-
buted to this event. Cataclastic zones developed in vast regions of
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the Guiana Shield with formation of breccia and mylonitisation
(the K'mudku Event), as well as regional reheating, respomsible
for the isotopic rejuvenation which reflects on the radiometric
ages (Nickerie Event).

At the end of the Upper Preceambrian, or perhaps already in the
Cambro-Ordovician, molassoid sediments were again deposited. They
are interpreted as platform correlatives of the Brasiliano Cycle,
which covered that area of the interior of the Amazonic Craton ex=
posed in the Central Brazilian Shield. The Prainha, Riozinho do
Afrisio and Prosperanca formations would be of this type.

Marginal basins of the éaraguay-lragunia geosyncline were for-
med at the edge of the Amazonic Craton, south of the 13°S parallel,
until the end of the Brasiliano Cycle. The miogeosynclinal sequen-
ces extended to these basins, with less thicknesses, and has been
idiomorphically .folded and faulted. These basins extend up to
150 km within the interior of the craton.

As 'ls evident, the oldest events in the Amazonic Craton are
not clear, &nd the sedimentary and volcano-sedimentary covers pre-
sent problems of interpretation and correlation. Geochronological
datings have been of great value, though many are controversial
and others have not always been accompanied by an adequate geolo-
gical study of the analysed samples.

Table 1 tentatively outlines the described evolution of the
Amazonic craton.

In eastern Paraguay, the Amazonic Craton's basement is exposed
in some small massifs (Fig. 5). They are formed of metasediments
and metabasites of amphibolite facies, with intruded granitoids.
The age of these rocks was obtained by the K-Ar method (Conte and
Hasui, 1971), and although not decisive, they indicate that the
rocks are of pre-Brasiliano age and the Amazonic Craton extends to
the south at least until the 27°S parallel. Rhyolites whose ages
correspond to the end of the Brasiliano Cycle (Cambro-Ordovician)
are located over the cratonic rocks, in the Caapucu region (Para-
guay). These Caapucu volcanics are associated with granitic intru-
sions and represent a volcano-plutonism in the Amazonic Craton next
to the limit of the Paraguay-Araguaia Belt.

3,2. Sad Francisco Craton
The Sao Francisco Craton (according to Almeida, 1967) is a unit
that has been intensely studied, but the data reflect above all the
disperse areas of economic interest.

It was the foreland of the folded belts of the Brasiliano
Cycle, located on its borders. Fig. 4.

81
6 &71



The Caraiba and Jequié Complexes appear on the northeastern
part of the craton. The Caraiba Complex (Barbosa, 1970) is formed
of granulites, basic rocks and migmatites with basic paleosome,

Its structures are complexes, generally trending N-3, Associated
granitoids have given ages of 2500-2700 m.y. At approximately the
13°8 parallel, the Caraiba Complex gradually passes to the Jequié
Complex (Cordani, 1973).The latter extends to the 16°S parallel
(Mascarenhas, 1973) and its granulites have ages around 2700 m.y.
and were migmatized at the end of the Trans-Amazonic Cycle (ca.
1800 m.¥.).

Irregular bands of schists, quartzites and gneisses, which
seem to be segments saved by the migmatization, appear in these
complexes. Only the narrow N-S Jacobina belt, almost 220 km long
seems to be Trans-Amazonic. It is composed of quartzites and
schists of amphibolite facies, with isoclinal folding, faults and
overthrusts toward west over the Caraiba Complex,

Migmatites and granitoids of minimum age of 2800 m.y. of the
Bagao Complex are found in the southern part of the Sdao Francisco
Craton (Quadrilatero Ferrifero). This complex is covered by detri-
tic metasediments, itabirites and dolomites, metamorphozed in green-
schist and amphibolite facies of the Rio das Velhas Supergroup.
Granitoid and basic-ultrabasic rocks are associated to it. Datings
for these rocks show age around 2700 m.y.

The Minas Supergroup covers.the Rio das Velhas, unconformably.
The former is constituted of a sequence containing banded ironstones
over and underneath detritic sequences. The Minas Supergroup is ob=
served in overturned and faulted synclinoria (Dorr, 1969); the su-
perposed deformations can be attributed to six phases (Barbosa,
1968). The metamorphism was of greenschist and amphibolite facies,
The minimum age obtained by Herz (1970) was 1300 m.y., and recent
datings (Cordani, unpublished) furnished Trans-iAmazonic ages.

The Minas Supergroup is locally covered by folded metasediments
of greenschist facies (essentially quartzites) whose geotectonic
significance ia not known (Itacolomi Group). Possibly they may be
correlated to the Espinhago Group.

The situation is more complex in the southeastern region of the
Sao Francisco Craton. There, the Uruagu and Brasilia Beltend, as
well as the Southeastern Folded Region. The lithology was described

by Rosier (1965) and Ebert (1968) as represented by gneisses, migma-
tites, granulites and granites, attributed to the Mantiqueira, Pa=
raiba, Juiz de Fora and Serra dos Orgaos Series. The datings of
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Cordani et al. (1973) showed that the rocks -are aged 2780 m.y.
(lantiqueira Series) and 1980 m.y. (Paraiba and Juiz de Fora Se-
ries); they were remobilized in the Brasiliano Cycle, and have
been migmatized amd injected of granites and pegmatites. The remo-
bilized area seems to correspond to the infrastructure of the Sou-
theastern Folded Region (Hasui et al., 1975a); it has not yet been
delineated and, as a result, the southeastern border of the Sao
Prancisco Craton is not defined (Pig. 4).

Despite the fact that the Sao Francisco Craton has been conso-
lidated in the Trans-Amazonic, several Upper Precambrian features
are recognized.

Dykes of non-metamorphosed diabase and pyroxenite exist in the
northeastern region of the craton; they are intrusives in granuli-
tes and with K-Ar ages of 1300 to 1700 m.y. In the eastern region,
more than a dozen stocks of alksline rocks occur (Pedreire et al.,
1969) with E-Ar ages of ca. 760 m.j. (Cordani, 1973). There is a
special undelineated belt, with one or two hundred kilometers wide,
extending from the Atlantic coast at the 16°S parallel, to the sou-
theastern border of the -Parnaiba Syneclise. Along this belt, there
were isotopic rejuvenation in the Brasiliano Cycle and K-Ar ages of
500-600 m.y. were obtained systematicalyy on rocks with higher
Eb-Sr age. It seems to have been simply a termo-tectonic reactiva-
tion along the belt, and that it is not an extension of the infra-
gtructure of the Southeastern Folded Regilon.

The most important feature, however, is the Espinhago, a NS
belt in the central part of the Sao Francisco Craton, extending
over than 2200 km. Detritic metasediments, above all quartzites
and phyllites are found there with hundreds of meters in eastern
part and thousands meters in western part. The sedimentation had
frequent repetitions of envirommental conditions, and the strati-
graphic subdivisions and correlations are difficult.

A sequence at the meridional end of the belt (Espinhago Group)
shows folding of intermediate-type and a low-degrée or null meta-
morphism., These characteristics are also observed in Diamantina
Plateau (Chapada Diamantina Group), which is located in the cen-
tral-northern region of the craton. The same sequence in the central
and northern portions of the belt (Santo Onofre Group), shows iso-
clinal linear folding and intense faulting and its metamorphism is
more intense toward the west, reaching greenschist facies parage-
nesis, Acid volcanic rocks occur in the sequence, and basic dykes
are common as well. Vergences seem to turn towards the west, but
in the region of western Diamantina Plateau, it turns to east.
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These units cover the Caraiba Complex and are covered in turn
by the Bambui Group, with angular unconformities. They was initia-
1lly related to an Espinhago Cycle (1800-1300 m.y., Ferreira, 1972).
However, the Chapada Diamantina Group (Brito Neves, 1968) is corre=
lated to the Santo Cnofre Group (Schobbemhaus, 1972) which metase-
diments and volcanic rocks gave a metamorfism age of 1000+100 m.y.
(Rb-Sr isochron, Brito Neves, to be published). This dating may be
attributed to the Uruaguano Cycle, and, so, the pobbisility of an
extension of the Uruagu Belt to the Espinhago Ridge would not be
rejected.

The Espinhago Ridge was associated to a miogeosyncline by
Pflug et al. (1969). In the northern region, this miogesyncline
should contour a presumed massif at Diamantina Plateau (Lengois
Craton). Moreover, they considered the Quadrilatero Ferrifero as an
extension of the Espinhago miogeosyncline and, in the eastern regionm,
they supposed the existence of an eugeosyncline. These ideas have
not been supported by recent data.

The Sao Francisco Caton presents sedimentary covers of the
Bambui Group, and of Mesozoic and Cenozoic ages.

The Bambui Group which extends over the craton, is an exten-
sion of the Brasilia, Sergipano and Northeastern geosynclinal
units. It covers a vast area to the west of the Espinhago Ridge,
where it was not appropriately attributed to the "Sao Prancisco
Basin". To the east from Espinhago Ridge, it covers the Chapada
Diamantina Group and was attributed to the "Salitre-Jacar®é Basin".
The minimum extension of that cover is 420.000 km® in both "basins”.
The thickness does not exceed 1000 m, and almost all of the Brasilia
miogeosynclinal formations are present, with less thickness and
some faciological variations. The deformations of this cover are

idio-morphic. The only linear folding areas are located on the bor-
ders of the craton turned towards the Brasilia miogeosyncline, aod in

the region bordering the Espinhago Ridge. To the east of the Espi-
nhago, there are even isoclinal folds, with E-W trending, and axial
planes dipping towards the north. This occurs in narrow belts, se-
parated by undeformed zones. The general metamorphism is null or

of very low degree, but in the folded zones it reaches greenschist
facies.

Next  to the Atlantic Coast, at the 16°S parallel, there is a
faulted block, where the Rio Pardo Group occurs (Pedreira et al.,
1969). It is gently folded with E-W trends, and the axial planes
dip towards the south. Radiometric datings (Cordani, 1973) indicate
the age 6304170 m.y. for the metamorphism of low grade, which allows
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the Rio Pardo Group to be related to the Brasiliano Cycle. The
lithological and structural similarities with the Bambui Group of
the Salitre-Jacar@ basin are notable, and a correlation is thought
to be possible.

Table 2 outlines the discribed evolution of the Sao Francisco
Craton.

3.3. Sao Luis Craton
The S@o Luis Craton (Almeida,1967; Hurley et al., 1967) is located
at the central morthern border of the South American Platform . It
is almost entirely covered by the sediments of the Parnaiba Syne-
clise and small meso-cenozoic basins. The basement is exposed in
small massifs and seems to be formed of metasediments of amphiboli-
te facies, with migmatization and intrusion of granites. The eas-
tern massif (Granja Massif, Brito Neves, 1975) represents the
craton's border neighboring the Northeastern Folded Region. The
available datings are of 1850-2470 m.y. (K-Ar). Although 2000+
200 m.y. figures predominate, it is not excluded the possibility of
pre-Trans-Amazonic age.

3.4, Rio de La Plata Craton
The Rio de La Plata Craton (Almeida et al., 1971) is almost entire-
ly covered of sediments of the Parand Syneclise and post-Paleozoic
basins. Ites basement is exposed in three regions: southeastern
Uruguay, Tandilia and Sierras Australes in Argentina. Fig. 5.

In Uruguay, Ferrando and Fernandez (1971) distinguished three
belts of metasediments of greenschist and amphibolite facies. These
were separated by migmatitic belts with gramitic intrusions. The
structures trend E-W with variations to N70E. The ages obtained for
them are 2000+200 m.y. Only one granite intrusion at north of
Montevideo shows 560 m.y. and it is attributed to the influence of
the Brasiliano Cycle at the border of the craton.

The relation between the Rio de La Plata and Amazonic Cratons
is hidden under the sedimentary cover, though they may possibly be
parts of only one large unit.

The mountains that stand out in the Tandilia region's quater-
nary plain are formed by gneisses, migmatites and granitoids, whose
age is 2160460 m.y. (Halpern, 1972). Amos et al. (1971) described
sandstones and stromatolitic limestones (La Tinta Group), covering
the plutono-metamorphic basement. These rocks represent a platform
cover of the Brasiliano Cycle, similar to the Bambui Group.

Granites and associated rhyolites occur at the Sierras
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Australes, with Brasiliano and pre-Brasiliano ages (Amos et al.,
1971; Halpern, 1972). These are the most mericional expositions
of the Rio de La Plata Craton's basement.

4. UPPER PRECAMBRIAN FOLDED BEITS

4,1. Uruagu Belt
The Uruagu Belt developed between the Amazonic and the Sao Fran-
cisco Craton (Fig. 6). It is formed of metasediments and metaba-
sites of high greenschist and amphibolite facies of high pressure
type of metamorphism. These rocks are included in the Araxa Group,
with thicknesses exceeding 1500 m. The folding is of linear type,
trending parallel .to the axis of the belt. The vergence turns to-
wards the SBo Francisco Craton. The pre-tectonic magmatism occu-
rred in the inner part of the belt, generating several small basic-
ultrabasic intrusions. This peridotitic belt shows Cr, Ni and
asbestos mineralisations. The sintectonic and post-tectonic acidic
magmatism was very discrete, forming small bodies along the inner
zone of the belt.

Certain problems arise with no solutions at the moment. The
first one is with respect to the borders of the Uruagu Belt. Tra-
ditionally, it was considered to be formed essentislly by mica-
schists; gneisses and migmatites are thought to be pre-Uruaguano.
However, these rocks show gradual transitions. Angular unconformi-
ties were identified lccally, between the two types of lithology,
but this is not the rule even in the Araxa Group type-area. Thus,
it is difficult t. delineate the border between the Uruagu Belt
and the Golas Central Massif without a carefull mapping.

The eastern limit would be a thrust fault that carried th.
Araxa Group over the Brasilia Belt's units. The existence of that
fault has not been proved, although there may be local thrusts.

The Araxa Group looks like to pass gradually to the metamorphites
of the Brasilia Belts; as a result, the border between the two
units is not easely marked.

The available datings of the Uruagu Belt (Hasui and Almeida,
1970) are not conclusive, The K-Ar figures indicate that the Bra-
siliano Cycle rejuvenated the Uruaguano rocks, but there are signi-
ficant results of 1000 m.y. which would correspond to a minimum age
for the metamorphism. From the other side, some intrusive granites
in the Central Massif of Goias furnish a reference Rb-Sr isochron
of 1400 m.y., which would indicate a magmatic event in the massif
immediately preceeding the Uruaguan regenmeration. Thus, the approxi-
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mate figures of 1300 and 1000 m.y. could correspond to the limits
of the regeneration and tecto-orogenic evclution of the Uruaguano
Cycle.

The structures of the Uruagu Belt shows deviations in the cen-
tral region, adapted to the Pirendpolis structural feature. This is
a N6OW trending line, with structural meaning not yet understood.
In the northern block, the structures have a general SSW trend, but
they deviate gradually to N6OW near the Pirenopclis feature. In the
southern block the structures have a N45W trend and also show a
deflection to N6OW.

In the southern part of the Sao Francisco Craton, the Andre-
léndia Series (Ebert, 1956) represents the extension of the
Uruagu Belt. It is formed of detritic sediments, arkosic at the
base, with some associated limestones. The metamorphism of high
pressure type was of greenschist and amphitolite facies and its
intensity increases from N to S and W to E. FPolding was intense
with vergence towards the N.

The Andreléndia Series seems to branch off, with one branch
extending towards SW (Itapira Group).

The two branches are separated by the triangular GuaxupE
Massif. Its western border is covered by the Parana Syneclise se-
diments. This massif is constituted by granulites, migmatized and
intruded by granites. The structures have NW thrends, and a super-
posed NE trend exists in part (Oliveira and Alves, 1974; Oliveira,
1973). The northeastern border of the massif is concordant with
the structures of the Uruagu Belts, but in the southeastern edge
their NW structures are truncated at right angle by the Jacutinga
transcurrent fault (Ebert, 1974), through which tke massif contact
the SW trending Uruagu branch (Itapira Group).

In this Fault zone, it has been recognized a molassic deposit
(Eleutério Group, Ebert, 1974) which seems to be related to the
Brasiliano Cycle.

4.2, Paraguay-Araguaia Belt
The Paraguay-Araguais Belt evolved on the eastern edge of the Ama-
zonic Craton (Fig. 6). It has a curved form and extends over
3200 km, disappearing under the Parana and Amazon Syneclises sedi-
ments.

In the central region of Brazil the belt is covered by modern
sediments (Bananal Island). This resulted in the independent de-
velopment of studies on the southern and northern segments of the
belt.
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Almeica (1968) distinguished two phases of miogeosynclinal 7
evolution in the meridional segment. The first one produced fly-
schoid sediments of the Cuiaba Group, which were folded and metamo-
rphozed. The second corresponds to the sedimentation of a marine
regression conglomerate and glacio-marine deposits, which total
over 1000 m of thickness (Jangada and Escobar Groups). The upper
unit is a carbonated sequence with more than 2000 m of thickness
(Araras, Corumba, Bodoguena and Itapocumi Groups), with 1000 m of
pelitic rocks at the top. Stromatolitic structures are present in
the Corumba limestones.

These units exhibit metamorphism of greenschist facies and
folding of holomorphic-type trending parallel to the belt axis.

The vergence turns towards the Amazonic Craton. The known magmatic
intrusicns are restricted to the inner part of the belt; they are
granitic post-tectonic stocks aged of 500 m.y.

The final stratigraphic unit corresponds to molasse deposits
(Alto Paraguay Group), accumulated in a foredeep 800 km long. It
lies over the Amazonic Craton's cover and partly extends to the
folded belt in its curved area. The sediments possibly reach 5000 m
of thickness and are of clastic nature accumulated in a transitio- .
nal enviromment. At the top they are continental. (Almeida, 1974b).
The Alto Paraguay Group shows holomorphic folding only in the far-
thest area from the cratonic border, as well as very low grade of
metamorphism.

The units of second phase of geosynclinal sedimentation and the
molassic deposits partially cover the Amazonic Craton. Onme occu-
rrence should be mentioned; the deposition of the Jacadigo Group
occured in a basin on the edge of the craton at the end of the
Brasiliano orogenesis, at the Corumba (Brazil) and Mutum (Bolivia)
regions. This unit is formed of arkoses at the base, and of alter-
nating layers of ferrugionous jaspilite, hematite and cryptomelane,
with intercalations of clastic sediments,

In the northern segment, Almeida (1974¢) described the Tocan-
tins-Araguaia geosuture. The Brasiliano regeneration permitted the
intrusion of numerocus basic and ultrabasic bodies, as well as a
volcanism of basic composition. These magmatic rocks occurs in a
N-S belt of tens kilometers of width and 500 km of extension., The
geosuture also allowed the arrival of geosynclinal conditioms to the
east. ’ i

The Tocantins Group accumulated in this regenerzted zone,
being constituted of pelitic sediments transformed in greenmschist
facies. It shows linear folding, trending N-S and with vergence
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towards the Amazonic Craton. The Tocantins Group is correlated to
the Cuisba Group. '
Eastward, the Tocantins Group shows gradual transition to
rocks of high greenschist and amphibolite facies, which was not
appropriately correlated to the Araxa Group. It was named Estrondo
Group (Hasui et al.,1975b), and would corresponds to the filling
of the inner zone of the geosynclime. Its folding is of linear
type, trending N-35, and the vergence is towards W. Migmatization
and granitoid intrusions occurred in the eastern part. The Estron-
do Group extends to the South, bordering the Bananal Island
(Pig. 6), but its continuation under the Parana Syneclise is not
known.

4,3, Brasilia Belt
The Brasilia Belt was formed at the western and southern border
of the Sao Francisco Craton in the Brasiliano Cycle, and extends
over 1100 km (Fig. 6).

Miogeosynclinal conditions with deposition of medium and fine-
grained detric sediments ocurred with the regeneration (Canastra
and Arai Groups). This was followed by the accumulation of the
Bambui Group, which is formed of psammites at the base (Paranoad
Formation), limestones, dolomites and pelites (Paraopeba Formation),
at the top. These units, more than 3000 m thick,. show linear fol-
ding and thrust faults. The vergence is turnmed towards the S&o
Francisco Craton. The metamorphism was weak, not exceeding the low
greenschist facies. No evidences of magmatism are known in connec-
tion with the evolution of the Brasilia Belt.

To the south of the craton, Ebert (1968) gave the name Sao
Joao del Rei Group to the fine clastic sediments and limestones,
metamorphosed in greenschist facies. It shows linear folding and
vergence towards the north. This unit represents the extension of
the Brasilia Belt and, around the 44°W meridian, it disappears
interfiﬁgering with pre-Brasiliano migmatitic and granitic rocks.

The Bambui Group is transgressive over the craton, as descri-
bed above. Near Sete Lagoas, Marchese (1974) described stromatoli-
tes of the Gymnosolenida Supergroup and Cloud and Dardenne (1973)
recognized Conophyton of Vazante region.

The upper sedimentary unit is represented by molasses of the
Tres Marias Formation which filled the marginal Pirapora basin,
partially over the craton's cover (Bambui Group) and partially over
the folded zone in the west Minas Gerais.
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The evolution of the Brasilia Belt compared to that of the
Paraguay-Araguaia Belt shows perfect analogy (Almeida, 1968).

The mineral resources of the Brasilia Belt are in the Bambuil
Group, with the marked presence of sedimentary phosphates, and
Pb-Zn deposits of linsnnltie'orlsin and remobilized towards fault
zones.

The Brasilia and Uruagu Belts are separated from the Paraguay-
Araguaia Belt by the Goids Central Massif (Fig. 6). This unit has
heterogeneous composition. Basic gneisses, kinsigites and granuli-
tes appear on the eastern part, with ages exceeding 2600 m.y. On
the rest of the massif there are intensily migmatized metasedimsnts
of esmphibolite facies, with apparent Trans-imazonic age (Hasui and
Almeida, 1970). All these lithologiss are grouped on the name
Goiano Basal Complex (Almeida, 1968).

Three large basic-ultrabasic massifs stand out in the eastern
part of the complex: the Cana Brava. Tocantins and Barro Alto ma-
sgifs. They are elongated, with up to 3000 knz. and are characte-
rized by a petrographic zoning, with the zones parallel to each
other and deeping westward. Ni, Cr, Cu and asbestos mineraliza-
tions have been described there (Berbert, 1970). Their E-Ar ages
vary from over 3000 to 600 m.y., indicating that they are very
ancient massifs, rejuvenated in subsequent events.

The Goiano Basal Complex was affected by the younger tecto-
orogenic cycles, undergoing fracturing, diaphtoresis, isotopic
rejuvenation and some granitic intrusions (Ferreira, 1972).

The Goiano Basal Complex structures trend generally N30E, and
show some influence of the Pirenopolis structural feature. The
Barro Alto massif is inflected and has a boomerang shape.

In the central southern part of the Massif, at Serra Dourada,
Danni et al. (1973) recognized two stratigraphic units over the
Goiano Basal Complex. The first one is composed of metasediments
of greenachist facies (quartzites, schists and phyllites), with
about 300 m thickness. It is gently folded and covers unconformably
the second unit. The second unit includes schists, gneisses and
migmatites and is correlated with the Araxa Group. It shows many
little basic-ultrabasic intrusions. It seems that the Araxa Group
has had extension till the Serra Dourada region. The upper unit may
be &nterpreted as a cover correlative of the Brasiliano Cycle,
constituted over the central massif.

The Goias Central Massif was part of the Amazonic platform,during
the Uruaguano Cycle. During the Brasiliano Cycle, it became an axial
zone of the divergent polarities of Paraguay-iraguaia and Brasilia
Belts.

90



4.4, Sergipano Belt
The regeneration of the northeastern part of de Sao Prancisco
Craton allowed the development of the Sergipano Belt. Fig. 7. Its
limits are the craton and the Pernambuco-Alagoas massif (Brito
Neves, 1975). The central and eastern portions of the belt are
covered by meso-cenozoic sediments.

During the geosynclinal stage (Proprié Geosyncline, Humphrey
and Allard, 1969), an outer and an inner zones developed, separa-
ted by a geanticline (Brito Neves, 1975).

In the outer zone, adjacent to the Sao Francisco Craton, the
sedimentation had a miogeosynclinal character, and includes a
lower terrigenous (Itabaiana, Jacarecica, Capitao and Palestina
Formations), a carbonate (Jacoca, Olho d'Agua Formations), an
upper terrigenous and a molassic sequences, The latter appears in
a graben over the geanticlinal zone (Jua Formation), as well as
in a foredeep (Estincia Formation) inserted in part over the crato-
nic area and in part over the folded zone

In the inner zone, the sedimentary sequence is more complex,
initiating with quartzites (Santa Cruz Formation), followed by
medium and fine immature clastics, with some intercalations of
limestones.

Metamorphism in these sediments was of greenschist faciss in
the outer zone and of amphibolite facies in the inner one, It was
of low-pressure type. Migmatites are found in the inner zone,
adjacent to the Pernambuco-Alagoas Massif.

In the geanticline some basement segments are exposed, more or
lgss reworked, as well as in the nucleus of domic structures found
in the outer and inner zones.

The linear folding developed during the Brasiliano Cycle
trends NW-SE and the vergences are towards SW in the outer zone
and towards §E in the inner zone, the geanticline beeing the axial
zone of divergence, In the western part of the Sergipano belt,
this divergence is not observed; in both zones, the vergence turne
to S8W. r

The basic-ultrabasic as well as the acid sintectonic magma-
tism was very discrebte in the belt, restricted to the inner part.

The outer belt's units extend over the Sao Francisco Craton,
where they show discontinuous folding and metamorphism restricted
to the folded areas. The covers have been referred as Bambui,
Miaba and Canudos Formations.
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Mineral rescurces are scarce in the 3Sergipano Belt, limited
to the internal zone. They may be summarized as asbestos related
to carbonated intercalations, magnetite and vanadium perhaps asso-
ciated with ultrabasic rocks, and minerals of complex pegmatites
(beril, columbite, lepidolite, lithiophillite).

4,5, Gurupi Belt
Metasediments of greenschist facies are exposed along the Gurupi
and Guama rivers in the north central region of Brazil. Outside
these valleys, they are covered by sediments of the Parnaiba Sy-
neclise.

They show NW trending structures and the contact with the
migmatites of the S3o Luis Craton is by faults.

Hurley et al. (1957) obtained K-Ar ages of 600460 m.y. and
associated these rocks to the Gurupi Belt, developed around the
Sao Luis Craton in the Brasiliano Cycle. Actually, the significance
of those ages is not yet clear, because similar figures were obtai-
ned from the migmatites atributed to the craton.

If the existence of this belt is still uncertain, so are the
correlations with the Paraguay-Araguaia Belt or with the Northeast
Polded Region.

5. UPPER PRECAMBRIAN FOLDED REGIONS

5.1. Northeastern Folded Region
The Northeastern Folded Region is the name given to the unit for-
merly known as the Caririana or Eastern Northeast Folded Region.

It is limited by the Parnaiba Syneclise, the Sao Francisco Craton,
the Sdo Luis Craton (Granja Massif, Brito Neves, 1975) and Pernam-
buco-Alagoas Massif (Fig. 7).

Its observable structure is more complex than that of the
Southeastern Region, because it is composed of several folded sys-
tems separated by median massifs and geanticlines, which show parts
of the pre-Brasiliano basement.

The entire folded region is fragmented by enormous deep and
ancient faults, reattivated in the Brasiliano Cycle mostly with
transcurrent character. The fault movements markedly influenced the
design of the Brasiliano structures. Some of the faults border the
fold systems and others lie within the geotectonic units of the
folded regions. The most important are the Pernambuco and Paraiba
Faults, trending E-W. They had mainly dextral transcurrent move-
ments and limite the so-called Transversal Zone (Ebert, 1967).
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The median massifs generally have poligonal shapes, elongated
parallel to the fold system. They are formed of gneisses, migmati-
tes and granitoid rocks, whose complicated structure is due to
the policyclic evolution. Brasiliano migmatites of early consoli-
dation appear in some median massifs. Datings show Trans-Amazonic
and Jequid ages for the older nuclei.

The geanticlines are structural highs of lesser importance,
and like the median massifs show an important incidence of grani-
toid intrusions. .

The folded systems have oval, rhombic and linear shapes,
always more or less sigmoidal, reflecting transcurrent fault mo-
vements,

The sedimentary fillings of the geosynclinal region included:
a lower terrigenous sequence, mainly psammitic (Usud, Caico,
Equador, Cabrobd, Parelhas and other groups), an intermediary car-
bonated sequence with fine detritics associated (Quixata Forma-
tion), and an upper terrigenous sequence, essentially pelitic, with
some associated psammites and limestones (Salgueiro, Serida,
Cachoeirinha Groups). -

The regional metamorphism is of greenschist and amphibolite
facies of low to medium pressure-type. Migmatization occurred in
the lower stratigraphic level.

Linear foldings are observed in the folded systems, with
undefined vergences. The direction of the structures vary greatly,
with sinucsities introduced by fault displacements. Nevertheless,
the general trend is NE.

Basic magmatism occurred in all the phases of the folded re-
gion evolution, always very poorly. The acid magmatism is the most
notable; Almeida et al, (1967) and Brito Neves and Pessoca (1974)

‘described and classified the various types of bodies. The most

abundant are the sintectonic batoliths aged of 650430 m.y. There
are also late-tectonic bodies of 540+25 m.y. and post-tectonic of
460-510 m.y. These values are furnished by numerous EK-Ar and Rb-Sr
datings.

Molasse deposits occur in small fault-basins, with associated
effusive acid and basic rocks. The seguences reach 3000 m thickness.

With respect to mineral resources, the deposits are associa-
ted to the pegmatite provinces of Seridd and Jaguaribe, with beryl,
spodumene amblygonite, tantalite-columbite and cassiterite. Schee-
lite, associated to wolframite and molybdenite, are also found in
the Seridd Folded System and in the Rio Piranhas Massif.
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5.2. Southeastern Folded Region
The Southeastern Folded Region is located on the Atlantic edge of
the continent, from Uruguay to the 16°S approximately (Fig. 8).
The name is proposed to substitute the designation Ribera Folded
Belt.

The folded region, at south of the 21°3 parallel, is largely
covered by the Parand Syneclise sediments. However, in the exposed .
basement three folded systems separated by two median massife are
identified (Hasui et al., 1975a).

The folded systems are constituted of geosynclinal sequences,
diversely named in different regions (Agungui Group in the Apiai
System, the Brusque, Porongos and Lavalleja Groups in the Tijucas
System and Rocha Group in the Eastern Uruguay System). In the best
studied areas,it has been distinguished a lower terrigenous unit,
with pelites, psammites and limestones at the top, and an upper
terrigenous unit. These rocks show metamorphism in greenschist and
- amphibolite facies, of low to intermediate pressure type series,
including the .development of migmatization process. The folding
was intense, with axis trending N30E. The vergence is not clearly
defined, turning to both senses. the pre-tectonic magmatism was
basic and very poorly developed. The sintectoni magmatism, by the
other hand, formed great number of large granitoid batholits, with
age of ca. 600 m.y. and high affinity to the median massifs.

The median massits are formed of ancient nuclei of Middle and
Lower Precambrian ages, like those dated by Girardi et al. (1974)
and Minioli (1972). They are constituted of granulites, migmatites
and basic-ultrabesic rocks. These nuclei are contoured by migmati-
tes, generated in the Brasiliano Cycle. In the Pelotas Massif only
this kind of rocks has been recognized till now.

Several small molesse basins have been formed in the final
stage of evolution. They are located on the folded systems and at
their borders and received molassic sediments and acid to interme-
diate flows, with thickness up to 5000 m. The lower molasses are
folded (Marica and Cemarinha Formations), while the upper ones show
only block-tilting due to faults (Almeida, 1969).

Granitic intrusions are formed during the orogenesis or the
stage of transition. They are small, post-tectonic bodies with age
500450 m.y., 88 inferred from the results of Cordani et al. (1974)
and Cordani and Kawashita (1971).
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Between the parallels of 21 and 24°S, the Southeastern Folded
Region is characterized by a block structure, with several deep
and ancient faults. The system of faults is only partially kown,
but it was reactivated in the Brasiliano Cycle, mainly in the Cam-
bro-Ordovician, with transcurrent movements with a regional dextral
slip. The Apiai{ System and the Joinvile Massif structures whow
deflections from the regional N30E to N6OE as they approach the
block-structured zone.

The western blocks are formed by metasediments of greenschist
and amphibolite facies (S&o Roque Group), with many sintectonic
granitoid intrusions. The eastern and northern blocks are consti=-
tuted by rocks of amphibolite and granulite facies, with certainly
pre-Uruaguano ages, migmatized and intruded by granitoids during
the Brasiliano Cycle. These lithologies has been described by Wer-
nick (1967) and Ebert (1968) and included in the Amparc and Paraiba
Groups. So, the blocks show Brasiliano units as well as remobilized
older rocks.

At the Jacutinga Fault Zone there is the molassic Eleuterio
Group, related to the Brasiliano Cycle (Ebert, 1974).

The structures in the blocks show various directions, predomi-
nating a N60-70E trend.

These units extends till the southern border of the Uruagu
Belt and the limits are at least in part by faults.

To the morth of 21°S parallel, the exposed rocks are of Trans-
Amazonic and older ages, remobilized during the Brasiliano Cycle
(Cordani et al., 1973; Cordani, 1973). That area seems to corres-
pond to the exposed infrastructure of the Southeastern Folded Re-
gion. The structures generally trend NNE, except in the part near
the faulted-block region, where they inflect to N6OE.

The limit of the remobilized area is not defined, as described
in a forward chapter.

With respect to mineral resources, the Southeastern Folded
Region has Fb-Zn deposits in the Apiai System, Au and Cu in the
molagse basins and in the Apial System, and complex pegmatites with
Sn, W, and Li-bearing minerals.

6. THE PRECAMBRIAN IN THE ANDEAN CHAIN AND IN THE PATOGONIAN
PLATFORM

The Southeastern Folded Region borders the Rio de La Plata Craton
in Uruguay and disappears under the Atlantic Ocean. As will be
shown below, it presumably returns and penetrates the continent
through the Colorado River valley (Argentina).

In Sierras Australes, post-tectonic granites occur (Quartino-
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and Villar-Fabre, 1967), with a K-Ar age of 575410 m.y. (Halpern
et al., 1972). The granites are intrusive in a metamorphic base-
ment’in which occur rhyolites recently dated by Rb-Sr with 6714
+35 m.y. (Varela and Cingolani, 1975). This plutono-magmatism may
be compared to that of Caacupu in Eastern Paraguay. These rocks at
Sierras Australes are covered by folded sediments, considered as
a platform cover, possibly £illing and aulacogene (Harrington,
1970), and deformed in the Mesozoic.

The Pre-Cordillera and the Cordillera Frontal (Province of Men-
doza, NW Argentina) expose part of the Sierra Pintada Systems, for-
med by the San Rafael Block and by the Mendocino-Pampeano Belt (Cri-
ado, Roque, 1972 a,b). In the San Rafael Block,the presence of Pre-
cambrian or Cambrian metasediments and eruptives is highly probable
(La Ventana Formation). These rocks are covered by Cambro-Ordovici-
an limestones unconformably. Towards the southeast, in the Province
of La Pampa, the existence of Precambrian rocks presumed by Criado
Roque needs to be confirmed. The dated occurrences are Paleozoic}
Lihuel-Calel is Upper Permian (Halpern et al., 1971) and Pichi Mahui-
da has 550+35 m.y. (Halpern et al,, 1972). The Mendocino-Pampeano
Belt seems to have developed affer the regeneration of the structu-
res related to the Brasiliano Cycle, These structures follow the
southern edge of the Rio de La Plata Craton and are exposed in
small nuclei on the north-Pampean Plain. The geosynclinal evolution
took place in Eo~ and Meso-Paleozoic.

Farther south, in the Provinces of Rio Negro, Neuguén and
Chubut, the exposed basement is constituted of metasediments consi-
dered of Precambrian age. They are penetrated by granites of Paleo-
zoic age, till Permian (Halpern, 1968). The possibility that the
metasedimentary complex is older, should not be overlocked; this
would confirm the existence of an Upper Precambrian-Cambrian fol-
ded belt around the southern border of the South American Platform,
regenerated in the Paleozoic. This belt would coincide with the
500-600 m,y. geochronological province that Halpern et al. (1972)
suggested to cross the Argentina territoryﬂ

The Sierras Pampeanas, the Pre-Cordillera, the Eastern Cordil-
lera and the Puna, in NW Argentina, and neighboring regions of Chile
and Bollvia, show clear evidences of a geosynclinal evolution rela-
ted to the Brasiliano Cycle. Borrello (1969) distinguished a mono-
liminal geosynclinal evolution in that region, including an eastern
miogeosyncline and a western eugeosyncline with ophioclites. This
evolution tock place in the Upper Precambrian and Lower Cambrian,

with deposition of flysch in both zones and limestones in the mio-
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geosyncline. Molasses constitutud at the end of the cycle in the
Provinces of Catamarca and Cordoba (Ambato Group). Tha flysch is
intensely folded and re-folded, having been generally metamorpho-
sed in greenschist and amphibolite facies, with intensity growing
from E to W. Migmatization and granite intrusions took place in
the inner zone; some of these rocks provided pebbles for the Cam=-
brian and Lower Tremadocian conlomerates. Amphibolifte facies is
observed in the Puna, Eastern Cordilleraz and Sierras Pampsanas
(Caminos, 1972; Gordillo and.lencinas, 1972).

Almost all of the Sierras Pampeanas massifs are constituted
by a constituted by a crystalline basement, which shows metasedi-
mentary rocks metamorphosed in greenschist and amphibolite facies,
partially migmatized and intruded by granitoids. Its age was de-
termined by Eb/Sr isochrons corresponding to the Upper Precambrian;
the results point out effects of the Brasiliano Cycle and remobi-
lization of older, probably Upper Premcambrian, rocks (Cingolani
and Varela, 1975).

Several granitold rocks of the Sierras Pampeanas have been
dated. There are granites related to the Brasiliano Cycle and
others related to a tectono-magmatic reactivation with intense acid
and intermediate plutono-volcanism (Stepanicic and Linares, 1959;

Halpern et al., 1970; Gonzalez and Toselli, 1974). This process
affected a zone extending at least between the Provinces of San
Iuis and Catamarca. It seems to be a reflexe reactivation (Scheg-
lov, 1968) constituting an effect of the tectonic and magmatic pro-
cesses which took place in the Paleozoic geosynclines at the edge
of the platform. Thus, the Slerras Pampeanas must be considered a
reactivated area of the South American Platfornm.

The Sierras Transpampeanas shall be excluded from the South
American Platform; they prount‘ Ordovician metasediments of a
Paleosoic geosyncline.

The Problem of the Precambrian-Cambrian limit surges in consi-
dering the stratigraphic relations, which in northwestern region of
Argentina are the closest to that limit in South America. In the
Sierra Villicun and the Sierra Chica de Zonda (Province of San
Juan) there are non-metamorphic limestones, of Lower Cambrian, con-
taining fossils of the Ollenelus fauna (Borrelo, 1964). The base-
ment of these layers, though not in direct contact with them, is
exposed in the area. It is constituted by itensely metamorphosed
and even migmatized rocks (Sierra Pie de Palo, 35 km E of Villicun).

In the Eastern Cordila (Province of Salta) the Puncovisca-
na Formation is of Infracambrian age. It has flysch character, is
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little or non-metamorphosed and contains fossil remains with no
stratigraphic value (Oldhamia, bilobites). It is penetrated by the
Quesera granodiorite, dated of 530420 m.y. The Puncoviscana Forma-
tion and the intrusion are covered unconformably by the Mesdn Group
(Ramos, 1973), of probable Upper Cambrian age. This group is under
the fossiliferous Lower Tremadocian beds.

In Peru, Precambrian rocks are exposed in the south (Cordi-
llera de la Costa and Western Cordillera) and in the center and
north (Eastern Cordillera and the Maranhao River valley). In the
south, schists, gneisses and migmatites are exposed and was dated
at 660 m.y. (Western Cordillera, Stewart et al., 1974), seeming to
testify that Brasiliano episodes occured in the region. In the
center and north, the exposed Precambrian rocks are very extensive.
They are diverse metasediments of geosynclinal origin, including
local basic eruptives, showing superposed folding and metamorphism
of low pressure, even of amphibolite facies (Audebaud et al.,
1971) with migmatization and granitization. These rocks form eleva-
ted, faulted nuclei, and are covered unconformably by the fossili-
ferous Ordovician beds (Dalmayrac, 1970).

In Equador, the basement of the Andean Belt seems to be expo-
sed in a small area in the gouth, next to the coast, and in the
axial region of the Eastern Cordillera. This is a little known area
where elevated fault blocks, tilted towards east, expose metamor-
phic rocks of greenschist and amphibolite facies, showing local
- migmatization and granitization. These rocks are considered to be
Upper Precambrian although there are no stratigraphic and radio-
netric datings to prove it.

In Colombia, there are various regions in the Andean Cordi-
llera where the Upper Precambrian rocks occur: Sierra de Santa
Marta, Guajira Peninsula, Central and Eastern Cordillera. The
presence of Cambrian and Ordovician fossils and the low-medium
degree of metamorphism in the Paleozoic rocks facilitate the dis-
tinction between them and the Precambrian rocks. The latter are
aschists, gneisses, migmatites and granites. In the Sierra de Santa
Marta (Radelli, 1962), the Precambrian complex is formed of litho-
logies of high amphibolite to granulite facies, with acid intru-
sions dated of 1400 m.y. (Rb/Sr isochron) and 752 m.y. (Pinson et
al., 1962; Irving, 1971; MacDonald and Hurley, 1969). The litholo-
gic nature and the radiometric values suggest the existence of an
ancient nucleus, perhaps even older than 1400 m.y., which seems to
have been rejuvenated in the Upper Precambrian. The Basterm Cor-
dillera in Colombia forks of into two branches that penetrate
Venezuela. Upper Precambrian rocks exist in both.
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The oldest rocks of Venezuelan Andes are included in the
lglesias Group (Kunding, 1938) of Upper Precambrian age. They are
schists, gneisses, migmatites and amphibolites, very well developed
ped in the Barinas State, where they have been described by Schu-
bert (1968). The Bela Vista Formation shows a lower degree of me-
tamorphism than that Group and is older than 660+30 m.y., which is
the minimum age of the migmatitic gneisses associated to it (Martin-
Bellizzia, 1968), Rocks of the Yumare Complex occur in the western
Caribe Range, similar to those of the Santa Marta Hassif of Colom-
bia. These rocks show metamorphism of amphibolite and granulite
facies and have associated anorthosites in the San Quentin Massif
(Bellizzia, 1973). Age of 1250 m.y. has been obtained for the
Precambrian rocks from Guajira Arch (Bellizzia, 1973).

There are doubts with respact to the existence of Precambrian
rocks in Chile, There are metamorphic rocks attributed te a crys-
talline basement in the coastal region between Valparaiso and the
Taitas Peninsula, &8s well as other locations in the north and
south. Bonorino (1971) considered them Neo-Paleozoic, while other
authors suppose them to be Eo-Paleozoic or Precambrian (Miller,
1973)e This would be the case for the occurrences north of the
Santisgo parallel (Miller, 1973) which are noted in Pig. 1.

7. CONCLUSIONS
The South American Platform consolidated at the end of the Brasi-
liano Cycle, attaining orthoplatform conditions after the Cambro-
Ordovician. Its southern and western borders, respectively adje-
cent to the Patagonian Platform and the Andean Chain, are hidden
under the sedimentary cover. To the north, and east, its borders
form a continental margin of Atlantic type.

A very extensive cratonic area was consolidated after the
Trans-Amazonic, During the Upper Precambrian, regeneration and
geosynclinal evolution occurred, along iarginal belts and regions
between the not regenerated portions. These acted as forelands du-
ring the Uruaguano and Brasiliano Cycles. Some portions also con-
stitute median massifs, geanticlines and fault-blocks; they wers
remobilized with intensity in inverse relation to their si:zs.

The Pre-Uruaguano structures are scarcely known, though they
seen to have been remobilized through tectonic, magmatic and ther-
mal processes of the Trans-Amazonic. The oldest rocks are mtasedi-
ments of high amphibolite and granulite facies, with associated
ultrabasites. The Trans-Amazonic processes affectod vast areas;
they seem to include belts of geosynclinal evolution and others
areas only isotopically rejuvenated.
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The cratons became the settings for extensive tectornic-magma-
tic reactivation processes, with the formation of volcano-sedimen-
tary covers, Intrusions of acid and glkaline materials as well as
ruptural phenomena and re-heating also took place on these cruto-
nic areas.

The Brasiliano folded belts have several characteristic featu-
res in comparison with the folded regions.

The folded belts occupied & marginal position in relation to
the cratons and show narrow, elongated forms, simple structure and
Tare expositions of the sialic basement within them. The folded
regions are located among different cratons, occupying extensive
poligonal areas of thousands of square kilometers; they show a
complex structural organization, involving various geosynclinal or
folded systems, separated by several median massifs and geanticli-
nes; within them, the pre-Brasiliano basement is frequently expo-
sed.

Regarding the sedimentary filling, the belts include essentia-
lly detritic-chemical sequences, with no volcanic contributions;
some stratigraphic units are transgressives over the cratons. In
folded regions, terrigenous sediments predominate, limestones
being rare, and the total thickness are smaller.

The belts present holomorphic folding trending parallel to
the cratonic border, towards which the polarities are directed.

The metamorphism is of greenschist facies, seemly of low-interme-
diary pressure type. The pre-tectonic magmatism was practically
absent; acid magmatism generated only some post-tectonic stocks
restricted to the inner zones. In the folded regions, each system
shows hblomorphic folding with longitudinal trend, but the polari-
ties are indefined or badly defined. Reactivations of deep and
ancient faults where important in the development of the regions
and their tectogenesis. Metamorphisms was of greenschist and
amphibolite facies, of low-medium pressure type. Migmatization
was frequent. The pre-tectonic magmatism was poorly developed, but
the sintectonic was extremely active and shows affinity to the
geanticlines and median massifs,

In the folded belts, molassic sediments fill foredeeps, intra-
deeps and marginal troughs. Subsequent volcanism did not occur.
Molasse deformations become less intense as they go from the inte-
rior of the belt towards the cratonic areas. In folded regions,
intradeeps are superimposed to the folded systems and their borders.
The molasses show different structural and stratigraphic stages; to
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the intermediary stage is associated acid-intermediate and subor-
dinately basic volcanic rocks, with important mineralizations.
Molasse deformations was much more intense in the lower units than
in the upper.

In the regions and belts, the analysis of the lithology of
the orogenic period reveals that the Brasiliamo Cycle produced
only moderate reliefs.

The mineral resources of the folded belts are singenetic,
stratiform and »emobilized ones. In the folded regions they are
more varied, with lithophylous and siderophylous of granitic affi-
nity elements, associated to pegmatites, skarnites and greisens.

In addition, there are metals in vein deposits, concentrated from
the sediments,

The facts and inferences presented for the Patagonian Platform
and Andean Chain, seem to indicate that the succeeding folded belts
developed in Phanerozoic times, along the southern and western bor-
der of the South American Platform,were established over an exten-
sive Upper Frecambrian folded unit around the Amazonic-Rio de La
Plata cratons. There is not sufficient informations on the number
of Precambrian tectono-magmatic cycles, but the youngest one cer-
tainly can be correlated to the Brasiliano. '

The rocks of the Andean Chain and of the southern border of
the South American Platform, related to the Brasiliano Cycle, show
lipnear folding and metamorphism of greenschist-amphibolite facies
of low-medium pressure type, including migmatization and active
anatexis. These characteristics are similar to those of Brasiliano
folded regions, contrasting notably with those of Uruagu Belt. The
latter is characterized by a scarcity of migmatites and granites,
high pressure metamorphism and the development of basic-ultrabasic
bodies.

The folded belts and regions developed at the east of Amazo-
nic-Rio de La Flata cratons finished their evolution in Cambro-
Ordovician times, After the comsolidation, it followed a typical
platformal evolution, characterized by the development of the large
Paleozoic Parana and Parnaiba Syneclises, which may be referred as
truly frustrated geosynclines.

Phanerozoic sedimentary areas show & marked influence of Pre-
cambrian structural framework, particularly that of the Upper Pre-
cambrian. Gemerally, the belts and regions consolidated as a result
of the Brasiliano Cycle show subsidence tendencies, while the
cratonic nuclei, geanticlines and median massifs show a tendency
for positive movements.
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SUMMARY
This paper deals with the structural organization and tectonic
evolution of South American Platform basement during in the Upper
Precambrian.

The South American Platform is the old platform of South Ame-
rica. It has more than half of its extension covered by sediments
and volcanic rocks of Phanerozoic age; the basement is exposed in
three vast shields and several little massifs.

In the exposed basement some cratonic nuclei have been dis-
tinguished, with structures developed in the Middle Precambrian
(Trans-Amazonic) and Lower Precambrian (Jequié and Guriense). The
Lower Precambrian structures are described in small and scattered
nuclei, all the rest seeming to have been remobilized by tectoniec,
maegmatic and thermal processes of Trans-Amazonic age. These proce-
sses affected large areas but are still insufficiently understood,

In the Upper Precambrian, these cratonic nuclei underwent
intense process of reasctivation, in large areas, with forlgtion of
volcano-sedimentary covers, acid, basic and alkaline intrusive
rocks, cataclastic zones and thermally affected zones.

During the Upper Precambrian, geosynclinal evolution processes
developed at the borders and between the cratons, genarating folded
belts and regions. The rifstly devaloped belt is located in Central
- Brazil, related to the Uruaguano Cycle (ca. 1300-1000 m.y.). The
Espinhag¢o Ridge probably constituted at this time.

The other units are related to the Brasiliano Cycle (1000 m.y.
to Cambro-Ordovician time). The folded belts are located in margi-
nal position and the folded regions are between cratonic arees:
both shows different characteristica of organization, sedimenta-
tion, structures, tectonism, metamorphism, magmatism and metallo=-
genesis,

In the southern border of the South American Platform a foldsd
region developed, which possibly represents the extension of the
Southeastern Folded Region. ;

The South American Fiatform consolidated during Cembro-Ordo-
vician time., Its western and southern adjacent aress were places of
geosynclinal evolution up to the Permian in the Patagonian Plat-
form and up to the Cenozoic in the Andean Chain. The easters half
of the South American Platform had a platformal evolution since
the Silurian,
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Table 1
Tentative outline of the evolution of the Amazonic Craton

Age (m.y.)

Events

Lithostratigraphic units

500-1000

Brasiliano

Prosperanga, Prainha and Riozinho do
Afrisio formations (molassoids).
Alto Paraguay Group (molasse).

Jangada, Escobar, Araras, Corumba, Bo-
doquena, Itapocumi Groups (marginal
basins correlative to the Paraguay-
Araguaia miogeosyncline).

900-1300

Reactivation

Cubencranquén, Cadiuveus, Palmeiral,
Acari, Amoguija formations (acidic-
intermediary effusives and molassoids).

1400-1700

Reactivation

Gorotire, Beneficente, Dardanelos,
Mutum-Parana, Roraima formations
(molassoids).,

Uatumd, Sobreiro, Iriri, Surumu,
Kuyumini, Iwokrama, Cuchivero forma-
tions (acidic-intermediary effusives).

1800-2600

Trans-Amazonic

Rio Fresco, Muruwa and Cinaruco
formations (molasses).

Amapa and Grdo Para Groups, Orapu-
Bonidoro, Armina-Rosebel, Paramaca,
Paramaka and Morowijne Series.

more
than
2600

Jequie
and
Guriense

Barama-Mazarumi, Coeroeni-Fallawatra,
Eanuku, Imataca Complexes, the basement
of the Grao-Para Group and other nuclei

1



"Pabdble 2
Pentative outline of the evolution of the Sao Francisco Craton

Age (m.y.) Events Lithostratigraphic units
500-1000 Brasiliano Trés Marias Formation (molasse)
Bambui Group (platform cover correla-
tive to the geosynclinal units)
Alkaline intrusions (ca. 760 m.y.)
500-800 Reactivations isotopically rejuvenated belt (500-
600 m.y.)
Espinhago, Chapada Diamantina, Santo
1300-1000 Uruaguano Onofre Groups (metamorphism ca.

(M (7 1000 m.y.) Itacolomi Group (?)
1300-1700 Reactivation Basic and ultrabasic intrusions
1800-2600 Transamazonic Minas Supergroup, Paraiba and Juiz de

Fora Seriles

Mantiqueira Series, Rio das Velbas Su-
2600-300 Jequid pergroup and Jequié-Caraiba Complexes
more Guriense Bagcao Complex
than
3000
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OCEAN

PACLILFIC

F i g. 1. The major geotectonic units of South America

1 - South American Platforam. 2 - Patagonian Platform. 3 - An-
dean Chain, 4 - Sub-Andean Foredeep. 5 - Brasiliano and older expo-
sed basement; remobilized in the Patagonian Platform and the Andean
Chain; in the South American Platform: Guiana Shield (I), Central
Brazilian Shield (II), Atlantic 3hield (III). 6 - Phanerozoic se-

dimentary and volcano-sedimentary covers. 7 - Southern limit of
the South American Platform

8 671
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F i g. 4. Sao Francisco Craton

4 - Pré-Trans-Amazonic and Trans-imazonic undifferentiated
areas. Caraiba Complex (I) Jacobina Group (Ia), Jequié Complex
(II), Quadrilatero Ferrifero (III). 2 - Uruagu Folded Belt and
Guaxupe Massif (IV), 3 - Espinhago Belt and related covers on the
Diamantina Plateau (V). 4 - Trans-Amazonic areas rejuvenated during
the Brasiliano Cycle. 5 - Brasiliano units: Brasilia Folded Belt
(VI), Northeastern Folded Region (VII), Sergipano Folded Belt
(VIII). 6 - Sedimentary covers correlative of the Brasiliano
Cycle: Bambui Group in the Sad Francisco Basin (IX) and in the
Salitre-Jacaré Basin (X), Rio Pardo Basin (XI). 7 - Phanerozoic
sedimentary covers. - 8 - Major faults. 9 - Craton limit




-

F i g. 5. Southern region of the South American Platform

A - Cratop basement expositions. Amazonic craton: Apa River

(1) and Eastern Paraguay massifs .(II). Rio de La Plata craton:
Uruguay (III), Tandilia (IV), Sierras Australes (V) and Rio Grande
do Sul (?) (VI). 2 - Folded belt and region of the Brasiliano
Cycle: Paraguay-Araguaia Belt (VII), Southeastern Region (VIII).

3 - Sierras Pampeanas massifs. 4 - Patagonian Platform. 5 - Andean
Chain. 6 - Sedimentary covers correlative of the Brasiliano Cycle.
7 = Phanerozoic sedimentary and volcano-sedimentary covers. 8 -
Southern limit of the South American Platform. 9 - Craton border
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F 1 g. 6. Central Brasilian Region of the South American Platform
1 - Cratons: Sao Francisco (I) and Amazonic (II). 2 - Massifs:
Golas Central (III) snd Guaxupé (IV). 3 - Uruagu Folded Belt. &4 -
Folded belts and region of the Brasiliano (Cycle: Brasilia Belt
(V), Paraguay-Araguaia (VI), Southeastern (VII). 5 - Sedimentary
covers correlative of the Brasiliano Cycle. 6 - Phanerozoic sedi-
mentary and volcano-sedimentary covers. 7 - Craton border. 8 -
Pirenopolis structural feature
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P i g. 7. Northeastern Region of the South American Platform

A - Sdo Prancisco (I) and S0 Iuis (2) Cratons. B - Pernambuco-
Alagoas Massif (3). C - Sergipano Folded Belt: inmmer zone (&),
geanticline (5) and outer sone (6). D - Northeastern Folded Region
Median massifs: Teixeira (7), Rio Piranhas (8), Treia (9), Senta
Quitéria (10). Geanticlimes: Camalau (11), Nova Floresta (12),
Acari (13). E - Northeastern Region Folded Systems: Riacho do
Pontal (14), Pajeu-Paraiba (15), Pianco-Alto Brigida (16), Serido
(17), Jaguaribe (18), Curu-Independencia (19), Médio Coreau (20).
F = Molasse basins of the Brasiliano Cycle. G - Sedimentary covers
correlative of the Brasiliano Cycle. H - Phanerozoic sedimentary

covers., 1 - Craton limit. J - Major faults
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P.,TpounectTrT (fpannds)

BEPXHUIi JIOKEMBPU{l SAMAZHOU AQPUKK
RTrompette (France)

LE PRECAMBRIEN SUPERIEUR EN AFRIQUE DE L'OUEST

B SamazHo#t AQpMKe BepXHMN ZOKeMODHIl PASBAT B KpaTODHEHX

snagusax (Tayzesu, TuHayd, BoasTa) M B KPaeBHX CKIAzdYa-

THX 80HaX nasafpurascKoro (Poxeauzs, JlaroMmeups, dapys-

[CK8A CKJBZwTasA 30Ha) MWIM KaJezoHCKo-TrepnuHCcRore (Mampu-

TEHHEH) BOBDACTA.

JlaHHN® 0 TPaHMLAX BOPXHOIrsD JOKeMODUA B KDAaTOHHHX
BOAAMHEAX M B CKAAZYETHX B0HEX ZOBOJNBHO CKYZHH.

Bo snazuHe TayZeHM HURHAA TPaHANA COBNEjAeT C Haw-
JIOM COJMMEHTaUWM C BOBPAaCTOM 0K0A0 I MApDA. NeT, BepxHsas
rpaHdna, Npd OTCYTCTBMM ZATHDPOBAHHOTO KeMGpUA, yCIHOBHD
OpOBOAUTCA N0 KDACHONBOTHO! ToJme, KOTopas MUPOKO pac-
NpoCTPAHEHA ¥ CHYXUT AMTOCTPATHrpaduuecKMM pernepoM; UEOI-
Ja ee paccMaTpuUBanT Kak MoJxaccy [laradpukaHCKOTe CKJ&zuya-
TOT0 NOFACE.

M onumeM 288 ONOPHHX paspesa KPaTOHHOID BEPXHETrD
ZioKeMOpusA: MaBpurahckuil Aapap (BsanmapHEafd yYacTh BhnazuHs Tay-
Z6HM) U CEBEDHYD YaCTh BNajMHH BoabTa.

I. Maspuranckuit Azpap (BnaznHa Tayzeru). Bepxuuit no-
KeMGpuil pasjzieIeH HOCOTJNECHO 8aJ6TapmUM IOPUS0OHTOM TUILIM=
TOB HA 786 HAZATDY NIOH.

8) HuxHsa Hagrpynne 1 pacwieHAeTCH HA YeTHpPe TDYIIH,
pasieNeHHHE HECOTAACHAME.

T'pynna I npejcTaBieHa IIaBHEM 06pa30M 0CA0OMOYHHMM MopoAa-—

. MM C KpacHouBeTHHMM QopManuAMd, 06pasoBaBUUMUACH B yC-

JOBAAX NOBHWOHHD CONBHOCTHM, COZEDEANMMA TMIOC M KaMeH-

HyD C0Jb. BospacT okodo 960 -MIH. J6T.

Tpynow 2 4 3 X8paKkTepUsyDICH U8 DeZl0BAHMEM TOHKD 36 PHHUC THX
06J0MOYHHX MOPOA M KA8POOHATHHX OTIOXeHMA Co CTpOMATO-
maraMd. CTpoMaToduToBas Qaopa uMeeT GOJbWOE CXOACTEO
¢ BepxHepufeiickoir ¢aopoit CCCP, Bra Koppersnus mop-
THE PEZ86TCA DajMOMETDUYSCHUMHM ZlaTHDOBKaMA: 880, B44,
837 u 755 umH. 16T. B 0CHOBAHMM IPyNNH 2 MMESTCH HE-
COTrnaCHe, BOSMOXHO N6JJHUKOBOI0 NMPOUCXOXAGHMA.

Tpynoa 4, KoTopas HauwMHAETCA (JOPMALMAMM, BOSMOZHD MMEDmMMMM
NepATAANMEIBHY D OPUPOAY, CHOXEHS TOHKOBODHMCTHMM 06—
JADMOYHHMM DOPOZAMM,



6) B BepxHe#l uaCcTM paspesa Hajrpynna 2 BKADYAET Mopo-
AH KaK BepXHezoKeMOGpuiiCKOro, TaK M NaJje 030iCKoro BospacTa,
0H8 N0ApasZelfeTCH HA TPM TPyONH.

Tpynna 1 HecorlacHo saJjeraeT Ha Hazrpynne 1; paspes ee
NpejcTaBli6éH TpUanofl: KOHTMHEHTAJAbHHY THAAMT - Raplo-—
HATHH® NOPOZH C CapuTOM - BYJAKAHOTEHHO-0CEJ0UHHE KpeM—
HA; C HHMM 8CCOLUMMPY T B36J6HHE CISHOH M 8J6BPOANTH.

Tpynna 2 saneraeT TPAHCIPOCCUBHO M BKIANYSET KPACHOBATHE
NeCYaHUCTHE MBBECTHAKM M apruiadTd, 00pasopaBmHecH
B 00CTaHOBKE NOBHUGHHOA CONEHOCTH. ‘

Tpynna 3 sazeraeT HA NOACTUIAWNEH COTNACHO M NpezcTaBleHa
KpacHHMW NOCYaHMKAMM, B HMEHEH 4Y8CTH - KOHTMHOHTAIHHH-
MM, B BODXHEN — MOPCKMMHM, C G6B33EMKOBHMYM GpAXHMONOZEMA.
Bpaxuonojs 0TMEYEDT TPaHMLY MOXJYy KEMODMEM U 0pZOBH-—
KOM. '

. CesepEas uACTH BNAfWHH BonsTa. 376CH TAKES IpUCYT-
CTByeT BHNO HOCOTJACHA XADAKTEDHAA TpHaZid.

a) Haarpynna I, yacTo HasHBAaeMAf HUXHAM BOAbTHUEM, CIO-
K6Ha TOHKOBEDHMCTHMM 0CJOMOYHIMM MOPOZAMY.

6) Hazrpynna 2 nozpaszenseTCA HA jBe I'pynnd. Bruay,
HecOorZacHO Ha Haprpynne, saneraer rpynna Oru, MI4 cpep-
HIMl BOABTHIl; 0HA HauMHAETCH TpHazoit, CxozHo# ¢ Tpuazoit
BnapuEH TayzeHu, Bumwe sazeraeT JeHTOYHO-CAoMCTaA (Qocdarco-
JepEamas TOMmA ¥ MOmHAA 8eJeHouBeTHAA QIaMmenozobHam QopManus,
OpeAnoI0EATeNBH0 BEEACKoro Bospacta (620 MIH, I6T). B Bepx-
Heil wacTH paspesa, Ha rpynne (OTM, MECTAMH HECOTJIACHD Bsale-
raer rpynna OGocyM, WiaM BepPXHME BOABTHA, NMpeaCTABIA6HHAA
KpaCHHMM, YaCTO0 IpyGo0CNOMOYHHMM TONNAMY C Na uKaMmy (IoBdo-
TAANMENEHEX MOP0Z.

Keppensnua paspesod BOBMOXHA GJarofaps NpHCy TCTBHUD
yOOMAEYTOl BHWe TpuazN, pasBMTON B 00eMX BnaguHax. B
BODXHEM JA0KeMGpuM 3anmazHoii AQpMEM pasauyapwTCA 2ABE HaATpyn-
NH: HAXHAA, AJAA KOTOPo¥ XapAKTEDHO BNMKOHTHWHEHTaIBHO®
0CaZKOHAKONAOHN® C YepezoBaHMEM DOAOMOYHHX M KapOOHATHHX
(co cTpoMaTONMTAMM) MOPOZ, ¥ BEDPXHAA, BEHZCKOTO BOSpAacTa,
Havaly KoTopolf -0TBEYEET MATEDMKOBOE 0JNGJEHEHHE.

Bo BhnagiuHe Boasra GaMsocTh JaroMeiicKoil CKIazyaTolt
B0HN NOBBOJAAGT yBASATH 0CAZAKOHAKONIOHHW® M TEKT 0HWYS CKUE
codurua. [loABNeHERe TOKDOBOB B CKIAmYaTolf 30HE IPOM30MJIO
nocne cemumeHrTammu OTd; rpymma 06ocyM EHTEDIpETADYETCH
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ES8E Monacca Jlaromelicko#t cxkaazuaToi 30HH. TeRuUM 00pasoM,
necleplds SHA WiTelrHAA (ass CREAAWTOCTH HBAANACE NOCHe-
EGHJCKOA M MMENA MecT0 NPHOAMBHTENEHO HA DyOexe Z0KEMG PHA
¥ naneosod. KpacHEouseTHHe (opMaiMd HaArpynnuw 2, BOPOATHD,
0TYaCT¥ NPYHEZIGEET K NAIE0BOD.

Le Précambrien supérieur occupe de vastes zones en Afrique de 1'Cu-
est, I1 participe & 1'édification soit de vastes bassins cratoniques
alors le plus souvent en association avec le Paléozoique, soit de
chafnes plissées d'dge pan-africein ou calédono-hercynien.

Le but de cette note est de donner ume idée générale et sché-
nmatique de ce Précambrien supérieur ouest-africain, tout en indi-
quent dans la bibliographie les principaux ouvrages récents trai-
tant plus en détail de ce sujet.

I. Structure de 1'Cuest Africain - Limites et subdivisions du
Précambrien Supérieur
L'ousst africain est occupé per un vaste craton stabilisé autour
de 1800 MA portent une mince couverture discontinue de sédiments
du Précasbrien supérieur et du PaléozoIque constituasnt (fig. 1):
le bassin de Tindouf au nord-ouest, au centre le vast bassin de
Taocudenl et au sud-est le bassin des Volta.

Sur ses bordures, le craton ouest africain est frangé de zones
mobiles. A 1'Ouest la chaine calédono-hercynienne des Mauritonides,
au Sud-ouest la chaine pan-africaine gui englobe les Rokelides qui,
sous l'apophyse guinéenne du bassin de Taoudeni, semble représenter
un diverticule des Mauritanides, & 1'Est lea Dahomeyides qui, vers
le Nord, se poursuivent par la chaine du Gourma et la chaine pha-
rusienne du Hoggar occidental (fig. 1). Ces chaines sont consti-
tubes schématiquement de trois types de matériaux: du socle ancien
soit archéen soit protérozoIque inférieur repris, des sédiments plus
ou moins métamorphiques d'dge Précambrien supérieur, voire plus ré-
cents pour les Mauritanides, et des formations d'origine et d'dge
inconnus, %

Dans les zones cratoniques, la limite inférieure du Précambrien
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supérieur peut étre fixée, en se basant sur de rares #ges radiomé-
triques, aux alentours de 1000 MA., La limite supérieure est par
contre beaucoup plus difficile & préciser, en effet le Cambrien
n'est pas paléontologiquement caraotérisé, les premiers bons fos-
siles stratigraphiques étant les graptolites du. Silurien. Force
nous est donc de prendre pour limite supérieure du Précambrien su-~
périeur une limite lithostratigraphique: ce ssra le mur de séries
détritiques rouges qui, nous aurons l'occasion de la constater, se
situent non loin de la limite Précambrien-PaléozoIque.

Dans la majeure partie de la zone cratonique le Précambrien
supérieur peut-8tre subdivisé en deux unités lithostratigraphiques
par une tillite jalonnant une discordance généralement peu marquée.
Nous distinguerons donc un groupe inférieur ou infra-tillitique et
un groupe supérieur ou supra-tillitique.

Par comparaison avec 1'échelle stratigraphique d'U.E.S.S. nous
pouvons, en premidre approximation, assimiler le groupe inférieur
au Riphéen supérieur et le groupe supérieur au Riphéen teminal ou
Judomien. En Afrique de 1'Ouest, seule la partie supérieure du Ri-
phéen serait donc représentée.

II., ILE PRECAMBRIEN SUPERIEUR DES ZONES CRATONIQUES
L'extrémité méridionale du bassin de Tindouf est constituée essen-
tiellement par du PaléozoIque. Toutefois J.Sougy (1964) et J.Destom-
bes, J.Sougy et S.Willefert (1969) attribuent un ége précambrien
supérieur au groupe d'El Thethyate oti dominent les dolomies, cer-
taines renfermant des stromatolites aux formes voisines de ceux du
15 groupe d'Atar de 1'Adrar de Mauritanie (voir ci-dessous).

Msis c'est surtout dans le bassin de Taoudeni, et A& un degré
moindre dans le bassin des Volta, que le Précambrien supériesur af-
fleure largement.

1. Le Précambrien supérieur du bassin de Taoudeni
Le Précambrien supérieur frange au FNord et au Sud le bassin de Taou-
deni (fig. 1). Nous le décrirons enm Adrar de Mauritanie 1a ob i1
est actuellement le mieux comnu (R,Trompette, 1973). Il comprend
(£ig. 2) de bas en haut deux supergroupes discordants.

Le supergroupe 1, ou inférieur, est subdivisé en 4 groupes
discordants. A la base le groupe de Char gréso-argileux, puis les
groupes d'dter et de Tifounke essentiellement carbonatés avec une
trds belle flore de stromatolites qui, selon J.Bertrand-Sarfati

(1972), est trds voisine de celle du Riphéen supérieur 4'U.R.S.S,
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et enfin, au sommet, le groupe gréseux de 1'Assabet el Hassiane,
Des études radiométriques par la méthode Rb/Sr sur illites (N.Clau-
er, 1975 et 1975) donnent un &ge de 964434 MA () = 1,47 .
10" an™h) pour la partie supérieure du groupe de Char et des
éges s8'échelonnant de 860435 MA & 754465 MA pour le groupe d'Atar.
Le supergroupe 2, ou supérieur, comprend 3 groupes. A sa par-
tie inférieure le groupe de Bthaat Ergil débutant par une tillite
associée & des calcaires & barytine et des silexites (c'est la
triade elassique dans tout le bassin de Taoudeni) et se poursuivant
par des shales plus ou moins siliceux verts datés de 580442 MA
(N. Clauer, 1975). A sa partie médiane, le groupe gréso-argilo-
carbonaté de la Palaise d'Atar passe progressivement au groupe des
Grds du Plateaux d'Oujeft qui constituent la partie supériqure du
supérgroupe 2, L'ensemble Groupe de la Falaise d'Atar et Groupe
des Plateaux d'Oujeft constitue un ensemble détritique rouge &
facids évaporitique & la base et plutdt & facids Vieux ou Nouveaux
Grés Rouges vers le sommet. Au sommet du groupe des Plateaux d'Ou-
Jeft deux faunules de Brachiopodes inarticulés indiquent approxima-
tivement la limite Cambrien-Ordovicien. .
Le supergroupe 1, caractérisé en Adrar et sur la bordure nord-
ouest du bassin de Tmoudeni par 1'abondance des roches carbonatées
4 stromatolites devient entidrement gréseux dans 1'Affolé (C.Bense,
1964) et A dominante gréseuse sur toute la bordure sud du bassin de
Taoudeni du Sénégal & 1'Ouest & la frontidre nigéro-malienne &
1'Bst (J.-P,Bassot, 1966; R.Dars, 1961; R.Reichelt, 1972).

2. Le Précambrien supérieur du bassin des Volta
Les travaux de P.Affaton (1975), N.A.Bozhko (1969), N.K.Grant
(1969), J.-C.Leprun et R.Trompette (1969), R.S.Saunders (1970) et
J.Sougy (1971) permettent de distinguer 3 unités lithostratigraphi-
ques (fig. 2) qui sont de bas en haut: le groupe de Dgpango-Bomboua-
ka, le groupe de la Pendjari ou Oti et le groupe de 1'Obosum.

Le groupe de Dapango-Bombouaka (P.Affaton, 1975) infratilliti-
que est essentiellement gréseux. Son dge est inconnu. Le groupe de
la Pendjari ou Oti, discordant, débute par la triade déja décrite
dans le bassin de Taoudeni et se poursuit par des lentilles de
phosphates et une épaisse formation flyschoide verte qui renferme,
selon N.A.Bozhko (1969), des stromatolites et des spores du Riphéen
terminal et est datée 620 MA (K/Ar sur une glauconie), Le groupe de
1'Obosum discordant est constitué d'une formation détritique, sou-
vent grossidre, rouge, cinsidérée par N.A.Bozhko (4969) et N.K.Grant
” (1969) comme représentant la molasse des Dahomeyides,
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3, Correlations - Conclusions

Trois grandes unités lithostratigraphiques se retrouvent aussi
bien dans le bassin de Taoudeni que dans le bassin des Volta. A la
base un groupe gréso-carbonaté ou franchement gréseux renfermant
localement une flore de stromatolites du Riphéen supérieur. A la
partie médiane un groupe discordant débutant par la triade tillite
(s.8.) - calcaire a4 barytine-silexite et se poursuivant par des
shales verts, épais, grauwackeux et & facids flyschoide dans le
bassin des Volta ol ce groupe renferme des stromatolites du Riph-

éen terminal. A la partie supérisure, en concordance (bassin de
Taoudeni) ou en discordance (bassin des Volta), un groupe détriti-
que, rouge essentiellement continental d'dge mal connu mais proba-
blement pro-parte PaléozoIque qui, dans le bassin des Volta, est
postérieur & la surrection des Dahomeyides située autour de 600 M.A.

Le groupe inférieur est caractérisé par une sédimentation épi-

continentale dans des bassins trds peu profonds probablement iso-
lés. Le groupe moyen, largement transgressif, présente en gros le
méme facids sur tout 1'Ouest africain (un seul bassin?) avec no-
tamment 4 la base la triade, Il traduit une sédimentation dans un
contexte moins stable avec apparition, dans le basgin des Volta,
de facids flyschoYdes., Enfin le groupe supérieur représente une
série continentale rouge.

III. LE PRECAMBRIEN SUPERIZUR DES ZONES MOBILES
‘Le Précambrien supérieur participe également A 1'édification das
chalnes qui bordent le craton Ouest africain. Mais, souveat trds
plissé et plus ou moins métamorphisé, i1 est difficile & étudier.
D'une fagon générale c'est dans les unités les plus externes, peu
métamorphiques de ces chaines qu'il est le plus aisé & caractériser.

1. Lsa Mauritanides
La chalne des Mauritanides (J.S5cdugy, 1969), d'dge calédono-hercyni-
en, s'étend de 1'Bst du Sénégal jusqu'au Sud marocain, Dans sa
moitié méridionale elle est déversée sur le bassin de Taoudeni
(fig. 1). Le Précambrien supérieur n'y est représenté que par le
supergroupe 2.

Le supergroups 1 n'a jamais pu y étre ideatifié avec certitu-
de. Au sein des unités externes des Mauritanides, notamment au Sé-
négal (J,-P.Bassot, 1966), le supergroupe 2 s'épaissit. La "tilli-
te", qui passe 4 une mixtite, est souvent interstratifiée avec de
trds épaisses formations volcanigues acides et basiques. Les sile-
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xites s'enrichissent en fer et donnent des jaspes rouges & hématite.
La série argileuse verte devient grauwackeuse., Au dessus affleurent
d'épaisses formations détritiques rouges qui, au Sénéral oriental,
sont impliquées dans les plissements.

2. Les Rokelides
La chafne des Rokelides, qui s'étend en Sierra Leone et au Liberia,
est interprétée par P.M.Allen (1968 et 1969) comme une chafne géo-
synclinale pan-africaine ol les derniers plissements dateraient
d'environ 600 M.A. Elle est constituée de socle remobilisé et de
sédiments dont au moins une partie est susceptible d'appartenir au
Précambrien supérieur. Ces sédiments plissés, peu métamorphiques
(facids schistes verts), ou groupe de la Rokel river, peuvent &tre
subdivisés en un ensemble inférieur (formations de Tabe, de Makani
et de Teye) argilo-gréseux, épicontinental et un ensemble supérieur
(formations de Mabole, de Taia et de Kasewe Hills) détritique avec
d'importantes intercalations volcanigues. Au-dessus, discordante,
la formation de Taban peu plissée, non métamorphique, constituée de
grés, d'arkoses souvent rouges est interprétée par P.M.Allen (1968
et 1969) comme la molasse des Rokelides.

En 1'absence du niveau repdre que constitue la tillite il est
bien difficile de discuter de la position stratigraphique de ces
formations. Toutefois, par comparaison avec le Sud du bassin de Ta-
oudeni et des Mauritanides (Sénégal oriental et Guinée), il est
possible A& titre d'hypothése de situer l'ensemble inférieur du
groupe de Rokel river dans le supergroupe 1 infratillitique et
1'ensemble supérieur dans le supergroups 2 qui, comme au Sénégal
oriental, comporterait un important volcanisme 4 sa partie infé-
rieure. La formation de Taban serait alors 1'équivalent du groupe
de 1'0Obosun dans le bassin des Volta.

3. Les Dahomeyides
Du Ghana au Sud, au Niger au Nord (fig. 1), la chafne des Dahomeyi-
des chevauche le bassin des Volta, ce qui facilite grandement les
comparaisons entre les stratigraphies du bassin et de la chaine,
Les Dahomeyides comprennent d'Ouest en Est trois unités structura-
les (P,Affaton, 1975): le Buem ou unité de la zone des collines,
1'unité de 1l'Atacora et 1l'unité du socle du Dahomey.

L'unité du Buem est, en premidre approximation, 1'équivalent du
groupe de la Pendjari ou Oti (P.Affaton, 1975; N.A.Bozhko, 1969;
N.E.Grant, 1969). On y retrouve notamment des jaspes rouges, des
mixtites, des niveaux phesphatés ainsi qu'un volcanisme spillitique
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qui était inconnu dams le bassin. Quant & 1'unité de 1'Atacora,
R.M.Shackleton (1971) a montré, au Nord d'Accra, qu'elle représen-
tait le groupe de Dapango-Bombouaka plissé et mébamorphisé. Quant
A 1l'unité du socle du Dahomey elle est probablement conmstituée de
vieux socle, essentisllement éburnéen, remobilisé et de sédiments
du bassin des Volta souvent mon recomnaissables parce que trop mé-
tamorphiques.

Le couple bassin des Volta - Dahomeyides est particulidrement
intéressant & étudier car c'est pratiquement le seul exeample en
Afrique de 1'Ouest ol 1'on puisse voir, au sein du Précambrien su-
périeur, le passage entre les facids de craton et ceux de zone
mobile.

&4, La chaine pharusienne
D'est un trongon de la chaine pan-africaine qui prolonge les Deho-
meyides par 1'intermédiaire de la chafne du Gourma. R.Caby (1970)
y distingue deux unités inférieures plissées et métamorphisées
par 1l'orogendse pharusienne. Ce sont & la base la "série & stroma-
tolites"™, carbonatée et détritique qui renferme des stromatolites
trés voisins de ceux du groupe d'Atar (J. Bertrand-Sarfati, 1972),
et au sommet, la "série verte” volcamo-détritique riche en grauwa-
ckes., L'unité supérieure, ou série pourprée, discordante, faible-
ment plissée, peu ou pas métamorphigue, est interprétée comme la
molasse de la chaine pharusienne. Elle est subdivisée en deux
(R.Caby et H.Moussu, 1967), & la base la série du Tagengan't flys-
choide verddtre qui renfermerait 1'équivalent de la triade du bassin
de Taoudeni associée & un volcanisme daté de 530 M.A., au sommet,
parfois légdrement discordante, la série de Ouallen - In Semmen,
détritique, rouge souvent grossidre.

La périe A stromatolites et la série verte rentrent probable-
ment dans le supergroupe 1 infratillitique, alors que la série
pourprée serait 1'équivalent du supergroupe 2 (série du Tagengan't)
et des formations rouges (série de Ouallen In Semmen).

5. Conclusionsa
Les deux unités lithostratigraphiques constituant le Précambrien su-
périeur du craton Quest-africain se retrouvent dans lea zones mo-
biles. L'unité inférieure, infratillitique , y est apparemment peu
changée, avec notamment des facids épicontinentaux. Par contre
1'unité supérieure s'épaissit et s'enrichit d'épisodes volcani=-
ques,
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CONCLUSIONB
Le Precambrien supérieur d'Afrique de 1'Ouest limité & la tranche
de temps ~ 1000 M,A. - 570 M.A. comprend deux unités lithostra-
tigraphiques. L'unité inférieure, gréso-carbonatée, assez souvent
riche en stromatolites est, en Adrar de Mauritanie, assimilable ac
Riphéen supérieur. L'unité supérieure, transgressive débutant par
la triede, tillite « roche carbonatée - silexites, est, dans le
bassin des Volta, assimilée par N.A.Bozhko (1969) au Riphéen termi-
nal, Enfin, 1'unité rouge semble étre & cheval sur la limite Pré-
cambrien - PaléozoIque.

Toutefois les quelques données radiométriques que mous possé-
dons, bien que de valeur inégale, suggdrent qu'a 1'échelle -de
1'Ouest africain, ces unités lithostratigraphiques pourraient bien
8tre hétérochrones. C'est ainsi, par exemple, que 1l'unité argileuse
supre-tillite gemble plus jeune dans la chafne pharusiemne (série
de Tagengan't) gue dans les Dahomeyides (Oti = Pendjari). Ces
observations rejoignent les conclusions de M.W.McElhinny, J.W.Gid-
dings et B.J.J.Embleton (1974)_aolon lesquelles, en Afrigue, la
glaciation du Précambrien terminal serait bien induite par la pro-
ximité du péle qui, & cette époque, se déplace trés rapidement sur
la frange occidentale du continent africain (fig. 3). Cette glacia-
tion serait alors plus jeune en Afrique de 1'Ouest qu'en Afrigue
centrale. Selon J.D.A.Piper (1974), cette conclusion pourrait &trs
étendue aux événements tectoniques (phases, sédiments) qui eux aussi
seraient, & un certain degré, dépendants du déplacement du pdle.
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BJAEpwnEkKH® P, Audop-MNopo, DAl y 60 p
(®pargusa)

CPABHEHME JOKEMBPUACKUX CEPll HBOGAYH/IIEHTA (KAHAJA)
I AHTH-ATIACA (MAPOKEOQ)

VvDiBrukner, A Faure-Muret, G.A.C h o u-
bert (France)

COMPARISON OF PRECAMBRIAN SERIES OF NEWFOUNDLAND (CANADA)
AND ANTI-ATLAS (MOROCCOQ)

BCTYIUTEJBHHE SAME ®HAA
ABTopH 3Toft cTATHM B TOUOHUE MHOIUX 6T M3y IaJM NpoTeposoiickue
COpMM C ZBYyX CTOPOH ceBepHOoil yacTH ATIAHTHYECKOID OKeaHa: B
HenpayEanesze (oro-BocTouEas 4acTs), Kamaza (B.Jl.B.), ¥ B AHTH~
Arnace, Mapokko (A.®.M. ¥ 0.A.0.). Kpowe Toro, A.0.M. ¥ D.A,ll.
CMOTJAM MOCOTUTH M ZIOTAJNBHO OCMOTPeTH DI'0-BOCTOE HendayHaleHza
cosMecTHo ¢ B.J.B. A0 4 nocze MexzyHapoAHOI0 I'e0I0IMYeCKOTD
goErpecca (1972 r.). Ce cBoei cTopoEd B.J.B. OpMHAX y9acTHe B
SKCKypcHM B AHTH-ATHAC, opraEMsoBaHHOM A.Q.M. # D.A.l. B
I973 r.

lUens aTolt craThl — MOKB3ATH Yy AMBMTONBHO® CXOACTED MOXJY Cepi-
AMM BODXH6I0 M CpeZHeT0 IpPOTeP0B0A M MEXAy HecOorJacHsMd, KoTophe
X 0TJ6NHENT, C ABYX CTODOH ATA8HTHYSCKOI'D 0Keasa., MH CHawmIa
Z87EM KPATEDe OMMCAHWE TIIaBHHX MN0APasZeleHMil NPOTOP0S0S B 0DO0BMX
CTPAEAX, MOTOM HPEAJOEMM BOBMOXHYD KODPeJAUAD M BAKOHWIM HO-
CKOJGKUMM CJ0BAME 0 Ie0XpOHOAOIAYeCKUX BO3PacTax.

Hazo ao0aBdTH, YT0 KpoMe CXoACTBa Qamu#t cymecTeynT M A0-
BOJNBHD 8HE WTONEHHE DaBIMYMf. B 8TOM HET HMYSTO yAWBMTEIBHOTOD,
TAK K4K 6CIM BOCCTAHOBMTL reorpaguo COAMEGHHHX MaTepDUK0OB, KaK
8T0 OHNO A0 06pas0BAHMA ATIAHTUYGCKOro oxeaHa ( B.Choubert, I935 ;
Bullard et al., 1965 # IpyI'#e),TO NOMYYATCH,YTO PACCTOSHAE
mexmy Mappoxo m Hebdaeyrmnenom Oumo paBHo I1400-I500 xm B
HampaBleHMd C Ora HA CeBep., B 9THX YCIOBMAX MOJHOT'O CXONCTBA
Gammit pasaux cepuft oxmmars HuKar HeapsA (puc. I).

My HauseM ¢ onucasuA HeofayHznerza, rze CTpaTHIpaduyecKue
CepMM MpPOTEPO0S0A MeHee CHDXHH M MeHee NOJHH, weM B Mapokko. Kpo-
M@ TOT0, MH OyZeM MX OMMCHBATH CBEPXy, TAK KA8K Jerde WATH 0T
Gonee MB8BECTHOTO K MEHee W3BECTHOMy, T.€. 0T KOMODHR K 8pxem.
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I. HEDPAYHANMER] (KAHATA)

TaaBHHe TOKTOHHYECKUe NoApaspenedus (puc. 2)
HeodayHaneHA pasfeleH ABYMA KDyOHHMA TOKTOHMYECKUMM WBEMU -
pasnoMom Jopep-EpmmTax U paszomom KasoT Ha TpU HepaBHHE 4acTi
(Neale, 1972). Ha BOCTOKe pacmomaraeTci NpoOTepo3oiickas miarTdop-
ua ABalgHA, CIETKA CMATAA 8BANOHCEOH CKIBAYATOCTEW (Rodgers,
1972). B cepezuHe - MoOuABHAY B80HA Annanadeil, CAOEGHHEA TIGBHHM
o6pasoM naneosoeM C TAKOHCKOH M 8K8ACKOH# CKIAZUATCCTAMU, B HOi
ZOKAMOpPMI mepepaCoTaH NANE0B0HCKMMM JBMEEHMAMMW M CTal TpyZAHO yB-
panaeM. Ha samaze - zpeBHRi apxeiickiit maccus (JoBr PeHzx), oMo-
IoxeEHEHE rpeHBUILCKMM eporeHssucoM. OH ofpasyer BapajiHyp OIAT-

LoDMY.
MH oODMmeM I'NSBHHM 00pasoM BOCTOUHYD Y4aCcTh, KOTODARA GXBA TH-

BAET ABAJICHCKAH IOIYOCTDOB.

ApanoHCKasA raaTtdopma (puc. 3 u 4)
B BGCTOYHDl 9SCTM 0CTPOBA ACHO DABAMYANTCA TDPHM KOMOIBKCE
(McCartney, 1967; Fletcher, 1972; Briickner, 1974, I ip.).

BepxHui kounzexcl cocrour us capuil opAOBUKE K KeMOpusa, Hac
HHTEpecyeT TUJABKU HUXHAZ €ro 49acTh, T.8. rpynna AAeiToHa, CAORSH-
HaA KPACHHMH, COPHMHA ¥ 36I6HOBATHMM MEDTeJAMM C [DOCIOAMH E6IBa—
KOBHX U3BecTHAKOB (300 M). 3Ta fopManusa COZepRUT GayHy HUXHEDD M
CcpejHero KeumGpusi. B sanazHodl 9acT¥ ABAIOHCKOIO NoJyOCTPOBE Cpef-
HUit ReMOpUN COZ6DRMT TAKEX6 TYy(JH M OCHOBHHE JABH,.

OCHRHOBEHHO CJed rpynoH AZe#ToHS 8alerapT HeCOIJACHO HA (olee
APeBHUX nopezax. Cawas ppeBHss fopMaunsg STOT0 KOMIAGKCE - KBapini-
TH PaHzoMa - COXPaHWIACH TOABKO B 38N87HO# NONOBUHEHe ABEJOHCKOMH
nnaTdopMH, HO M TAM 0HA YACTP HE M0JHSA, TAK K&K (0166 MOJIOAHE
dopuanuH ee FECTUYHO pasMEBaiId (CAAG0e HOCOTZACHE).

PaHzoNckag Qopuamua CocToMT IJABHHM 06pasoM M3 KB pOouToB, Co-
J6PXamUX DOZKUe NPOCABAKA CI2HL6B. Jlo NOCAGAHOTO BPOMEHM €@ CUU-
TAAM J0KeMOpHiCKod, Ho B I974 r. Jleau M AHZepCOH BANAM B HMX
XapaKTePHHG CIeZH HOWSBECTHHX OPraHMSMOB, UTO [03BOJMMAO0 MM 0THEC-

TH 2Ty Jopuanup K caMoil ApeBHe#l YACTH KeuGpus (JCTHO® CoOOOmMEHME
8BTODPOB ).

Ilt.u [1epeBONUM T6 DMUE "assemblage™, ynoTpeOaaeMuit BpoKHe poM,
crosoM "Kounuexrc".
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PanzoucKue KBapyUTH JIEEAT HECOrJAaCHO HA Be pPXEeM NpPOTepOs0e,
KOTOpDHt 0HM SHEPTMUHO DPASMHBANT (pPASMHTAA Y8CTH MOXET JOCTUIETH
2000 M). DToT DEPEpPHB MOT OHTH 0DYOHD AAUTENHHHM,.

CpeaHuil KXOMONOKC CI0X6H TEPPUIeHHEMM, KISCTHYECKUMH OTI0OEOHMA-
MM MomHOCTHD 5000 M. 3Ta cepus o0pasyeT B0HH, OTAGIGHHHE 0ZHA 0T
ZPyro# B HanpaBIGHMM CEBEpPO-BOCTOK - pro—sanaz ( NE-SW) riaydo-
KAMM sanupamd: I) HoEcenueH Feit -~ CB. hiapu Beft, 2) TpunutH Bel -
[uacenqus Bei. B Kaxz0@ BOH6 yNoTPEC/AETCA CHOA JN0OKA/IbHAS HOMOH=-
KAaTypa, TAK KaK 7eTalbHag Koppelanus NpeAcranifieT SHA W4TEILHHE
TPy AHBC TH,

B BocTouHoM wacTM 3To rpyana Kacdor ¢ Qopuanuamu: I) uspHEX TaMH
Cs. JikoECA, 2) TAaBHEM 00pasoM KPacHHX NECURHMEOB CHTHAXN XuX M
3) Baex Xeg. B cpepmeit wacTu sTo Irpynna XozzeyoeTep M B zanajHol-
rpynna MycrpazeToH.

OCHEHOBEHHO CTpaTUrpadavecKas CepHa ITMX PPYyNN Ha WMEHAGTCH MOp-
CKMMH U6 pHEMM IIZMEAMM (uIw claEpamu) CB. JoHcA, DePeXOZAMMMY
BBOPXy B BONOHOBATHE MECYHHKM. B CBOD 04Yepes 5TH MECUYABMKM Me-
PEKpHBADTCH EDACHHMM KOHTHHOHTAILHHMM WM DO UHHMHM MOJACCAMH
(mecwaEMEKM M KOHErZeMepaTH). JTo paspes rpynnod KaGor.

B rpynne Xoz=eyoTep KPaCHHS OpPOCHOM NOABIANTICA CpPaBHHUTENEBHO
HABKO, HO 88T0 UX HeT B BeDXHeif yacTH CepHM, KoTopas 0CTaETCA
MopcKDil,

B rpynne MycrpaBeToH, Hao6opoT, KUHEUHHO MOJACCH 0YSHE MOmHHS
M coZepxaT KpyNHOrae YHHe KOHIJAOMepaTH. 3aT0 YepHHe (88a3lIbHHE
CIAHNH B78CH 0TCyTCTBYDT.

Bce 3TM TepPPMIE@HHHe O0CAZKM COCTOAT MOYTH MCKIDYATENBHO 43 ua-
TepHaNa HEXONOXaNMX BYJIKBHHYeCKUX M NAYTOREYOCKAX NOPOZ HAKHETD
KOMIIGKCE.

Toxmsko ¥ rpynne KaGoT MOEHO BCTPETHTH TAKEe M DKB0TH UBCKHE
9MEMEHTH : KBADUMTH C COPHOMTOM CPeAM IGJ6K KOHEIIoMepaToB, I'DAHAT
¥ MyCKOBHT B nmecwmHMKax ( Pepezik, 1373). OTH DIGMEHTH, Bepo-
ATHO, NpPHHEECeHH C BOCTOKA, rpe Ha I'paHz-Banke HimdayHzIenza
Juam ( Lilly, 1966) 00HapYyEMI KBapHuMTOBHM xpecer.

B rpynne KaGeT MOXHO BCTPOTHTH NDOCIOMKA KUCIHX TyHoB, yEKa-
BWBADEMX HA CHOZH ByIKAHWYECEON 2eATENLEOCTH BO BPOMA OTIOROHHS
PTUX 0CAZKOB. .

HezaBHo OnAo o6HapyxeHO PEBK0® HOCOrZacke HAa Oepery MOpPA Loz
yrecaun Peg Xea (Ba cesep or CB. JimoHCa), B aToM MecTe KpACHHe

. 6pexwud Jepmanuil Cursan Xux (rpyuna Eader) sazeram? HOCOTIIacHO

HA CHIGHG CMATHX CAofx rpynnd KoEcenueH, oTHOCAmeHCH K HEXHE—
My EoMmnmeEcy ( Andersom et al., 1975).
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ST0 HOCOTNACHO MOXOT OMTH MCTOIKOBAED ABOAKO: 0JMH W8 HAC
(BeJl.B.) CudTAOT 60 AOKANBHHM ABUGHHEM, TEK KAK cTpaTuarpagevec-
EH 97H GDOKWM HAX0AATCA AOBOASEG BHCOKO B MoXACCOBol Qopuaiud
Curman Xua. o MHOHMD AByX ZAPyTHX a3T0p0B, 9T0 ABIGHHE, Hao6opoT,
4MeeT 0YeHL GONBNDe SHAWHEe M OpeZCcTaBlgeT code#f rIaBH06 aBAN0H-
CK0e HOCOrZACHe. CxepyeT nodaBdTH, 9T0 BOOOmE AaBANOHCKAd
CRAISNUATOCTE ( Rodgers, 1967, 1970) B HspfayHANeEze IpOABIGHA
CpaBHMTENBHD CA800. Ee riaBHoe OpPOABIGHWO 0TMOWOHO HA BOCTOUHOM
CKIOH® AHTHRIMEODUA BOCTOWHOX uacTi ABaloHCKON B0HH (aHTUEIMHO-
puit CB. JixoEc - Iy u=-KoB ¢ ers BepTUKaIbHHME CIOFAMM BBIDABIGHHA
NNE-3SW). Moaacceshe Gpexwiu Pez Xej KaK pas mepeKpHBADT HECO-
TNACHO STY BODTHEANEHHE CMaTHe cIoM. Ho HeCKoAsKD pmHee (OaMze
kK CB. JleHcy) Hecerzacus Goibume HE BUZHO M HAOIDAGDTCA HOCTENEE-
HHO [epexXoZH 0T YODHHX PJMH K 36JGH0BATHM NECYAHMKAM M 0T BTUX
OOCHASZHAX K KDPaCHHM MOJACCaM.

Ecau OpHEATE BTOpPO6 TOJK0BAHME, T0 YepHHe rauWHEE CB. JlX0HCE
ZOIXEH OHTH 0THOCEHH K HHXHOMy KoMmiexcy. OHM NpezcTaBiIgpT Co-
ot nepupx TEKTOHWUYECEOr® CHOKQHCTBHA, NpeZmuecTB0OBaBUMY aBaxokb-
CREM ZBMEGHMAM; KPacCHH® MOA3CCH CMTEA4 XMX MOJADES STHX ZBANO HHIf,
H MX MaTepuUal MNPOMCXOZUT 0T DASMHBA TEeKTOHMYECKUX CTDyKTyp ana-
NOHCKOT9 CKNaZWETOI0 H0ACA. '

Yzaaaacr 0T aETHEAMHOPAA BOCTOUHOHY yacTi ABAJOHCKOE BOHH B CTO-
pOHy MOPA, MOKHD HAGADAGTH NOCTENOHHHA nMepexoj KOHTHMHE HTEIBHHX
KDaCHHX OTIOKOHMI CHIHAA-XUICKMX MOJACC K MOPCKMAM 3618 HOBATHM
nec yaHUKaM. BepoATHD, 0GNOMOYHHYA MaTepuan, NPOMCXOAAMMYA M8 CHKIEJ-
yaTol ABa/OHCKOM S0HH, 8716CH ZOCTUILAX MODH.

BES QHTUKIMHQDUA BOCTODUHOH vacTy ABENOHCKOR BS0HH, 8 WUMEHHO B
geHTpansHoft wcTH aToff NuATPOpMH CKABZYETOCTE COBCEM BATYyXAGT,
TGK YT0 HM 0 KAKOM HecCOrIaciud ¥ pewl OHTH He MoxeT, HecormacHoe
88Ierakue CPeZHOI'0 KOMNAeKCA HA HUXHEM CHOBA J00yCKaeTCs B 84—
nagHoft vacTd ABAIOHCKOK BOHH, OZHAKO 6ro OA0X0 BMZHO H5-88 MHOTO-
WICIHeEHHX cO6pocoB ( Blackwood, Kennedy, 1975).

HuxBERj{f KOMOISKC, QOPMAIMM, COCTABAADMUE HMEHHA KOMNJAeKC, TAK-
E6 CymeCTBYDT BO BCOX TPeX B0HAX ABaJoHCKOM nmaTdopMd - BOCTOY-
Holf, QOHTpaXBHO{ M sanapjHo#l, DpUYeM KaxZad MMEET CBOD TOPMUHOID-
THD.

Bo BCEX TpPBX B0HAX NMPUCYTCTBYDT BYJAKAHM U CHUE KOMIIEKCH MOU-
HOCTHD B HOCKOIEBKQ THCHY METP0B, OHM CHOEGHH OCHOBHHMM ¥ HUCIH-
Ml BYyJIKa8HATaMA, COZ6DEAMUMA MECTaMM NOZAYNETHHO N&BH, 8 TAKEE
MTHUMGDMTH., 9OT0 rpynne Xapoyp Melis Ha socToRe, rpymna Bylas ApM
B LeHTpansHoi 3eHe,rpynnu Jlo-Kee 4 Bypeiid Ha sanaze.
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B BocTowHoll ¥ UeHTPANBEOH BOHAX NPUCYTCTBYDT TAKEE KPOMHOBHE
OTUOROHMA, KMCIHO TYfH M MOIKOCHOMCTHO 0TIOEOHMA, HAEIOMHEESDEHe
JEHTOUHHE IVIMEH (BapHH) C CANEKCHTaME M gepramd.dro rpymna Komcen-
YgH HA BOCTOEE, rpynna KoEHeKTHHr [loMHT ¥ HMXHAA 9acTh QepmaLum
Bur Xex B ueHTpazsHoft soHe., DTM QauMM HASHTHYHH HOKOTODHM CBMTaM
cepud AHsH B AHTh-ATHAcCe.

BocTrovyEas 4 8sanaZHAS B0HH COZ6PEAT rPAHMTHHE TOJA = I'DAHAT
Xoxupyza Ha BocToKe M rpaEMT Ceudr KepeHT Ha sanaje. [epsuit GHx
M8y 96H 0YBEB ZOTANBHO. DTO CyOByIAKAHHYBCKMl MACCHB, MOXeXMil Ha
rpasodupu ( Hughes, Briickner, 1971; Hughes, 1971).

By nxasnyecKMe dopmanuyu Xapeyp MeiH ¥ Byas ApM nepeclauBanIcCs
M NOCTONOHHD SAMENMANTCH KPEOMHOBHMM ocazxaMu rpynn KoHcenvyeH M
KosnekTHHT [oliaT-Bur Xez. 3anapHang B30HA MEHBNe M3y YoHA, HO TAM
668 COMEOHME CyWSCTBYyDT Te X6 CCOTHOMGHAA MOXJy BYJAKAHMTAME M
0CaZI0YHHMA TO0JmBMH,

CymecTBOBAHMe J67HMKOBHX 0TJAOXeHM# (THIAALTOB, OPATHYECKAX
GI0K0B) CpeAM CnokofiHo saleranmux CJAOMCTHX OTAOXEHME B BocTOUHOH
¥ [EHTpambHOll S0HAX yKA3HBAET HA WX CHEXDOHHOCTH (Briickner, An-
derson, I197I; Williams, Eing,1975, - A48 BOCTOUHOM B0HH;
HOBHO OTK[HTHA, 6mM6 He omyOiukoBaHEHe, KuEra ¥ BpoRHepa - B
NeHTPaAbHOR S0HE).

B pepxHell wactd rpynnH KoHcenweH B3 1967 . OHAM EHAjileHH 0T-
Ne @THM MATKoTekux Metazoa (Coelenterata ?) AmaHOR Zo 20 c.
Om¢ noxoxd Ha Charnia (ABrmMs) (Anderson, Misra, 1968;

Misra, 1969). C HHMM BMeCTe BCTPEYaDTCH MOZY3H . MH yBMZuM
HUXG, 970, 00 BCE@{l BEDOATHOCTH, 3TH CTPAHHHO XMBOTHHE — OZHM U3
CaMHX ZpPeBHAX NpEACTABMTEAEH ZACOKeMODHilCKMx GayH { DHUC. 5).

[lozomBa HMXHEEI'0 KOMINJAGKCa EAIZe He BUAHA HAj yPOBHGM MoOpH,
T4EK 9T0 ee QyHZAMEHT He KsBecTeH., Ho MH yxe cKasand, 4YTo B
T'panp-baike HepofayeEzuneHza MMeeTCA KBapnuToBu#f xpeder ( Iilly,1966).
OTM KBAODOMTH, BEPOATHD, OTHOCATCA K CpejiHeMy mpoTeposom. CreneHs
MX MeTaMopuamMa ropasio BHWE, YeM NOPOJ &BANOHCKOM CepuM.

My yxe ynoMgsanW o0 aBajioHCKOR CKiazdwaTocTH. OH&8 CPaBHUTENBHO
caafa ¥ Xopowo BHPAEEHE TOJABKE B BOCTOYHOM wACTM ABaJOHCKOiH

II'JI&.‘BHOB MECTODOKZ6HME 5T0i (ayHH HAXOANTCA Ha ©Ire ABAJOHCKOIO
nony ocTpoRa - MucrakeH IloMeT, okeao Tpenacceit Belt (Anderson,
Misra, 1968). Teneps M8BECTHH MHOTWE  ZDYTUE MECT 0POKJ HUA
TOR ®e (ayhHbl.
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nmarhopus. Kpoue Toro, ABaNOHCKAa[ CMCTeMa (HIA OOZBE PEOHA naleosoll-
CEMM (8HAJCKMM ?) TORTOHMYECKUM ZBUEOHHAM,

MeTaMopdusM B 8BANOHCKMX CODUAX OYeHB cJal, [locIeziEMe HCCH8Z0-
paHuA (Pepezik, 1974) NOK8BHBANT, 4YT0 OH CHIBHE® HA 3ama-
Zie, 9eM Ha BOCTOKe: CTyNeHb NpPeHUTA HA BOCTOKe M CTyNeHb XJ0pUTa
Ha sanage. BepoATHo, 9Te naseosolickuit MeTamopdusM,.

Mo6anbHas seHa Annazaveft
Cpezisa w@cTh HepayHpameHpaa c00TBETCTBYy6T CeBepo-AMepUKaHCKOMY
Anna Ia9CKOMy CEIAZYSTOMy N0ACy. OHA CHONEHA BYJKSHHWYSCKAME M oca-
ZA0YHHMM 0GpDaBOBAHMAMH 0T JIoKeMODHA 70 AeBoHA&. Bce 9TH (QopMamuu
Golee UI¥ MEHE® CHJIEHO METAMOPHU30BAHH M NPOPEBEHH GOJNLLHMMH IpaHHT-
HHMM MBCCHBaMM.

OopozH, KOTODHO MOIAM GH COOTBETCTBOBATEH J0KEMGDMN, BHXOZAT
Ha BOCTOYHOM ¥ BANAZHOM KpAAX 2To#f cpezHe# yacTd. Ha BOCTOKE MOE-
HO BHZEIMTH ZBE MOTAMOPPUUSCKME CepiUM: BepPXHDD, Hau rpynmy Taupe-
pa, W HAZHDD, MAM TrHe}coBH#t Komniexc sanupa FoHaBMCTA (HESBAHHYD
paisme cepueit Xep Feit).

Taspepckand rpynna (8000 M) COoCTOMT 43 MeTAMODP(KWB0BE HHHX O0CEA0%~
HHX MopoZ (NeXdTH ¥ NMCAMMHTH) C BYZAK&HMYECKAMM NpOCHA0AMM B BE pX-
He#t wacTu ( Colman-Sadd, 1974; McGonigal,1973),9Ta cepus NOX0Ea
H8 QagMe BepxXHe@l WCTH KeMOpHA M HAKHOT 0 OPZOBMKa BOCT04YHOM naar-
GopuH, HO €0 MOXHO TOXO CPABHMTE C HeKOTopuHMM dapuamu Aaa.nancxon
CHCTOM,

T'HejicH BoHaBUCTA 0YeHF MONHH, B HMX MOXHO BCTIPETUTH pasHHE
TUOH THeilCoB, CJBENEB, MUTMATHTOB M I'DAHATOB,

Mu Cc yAuBNeHMEY yBEHAIM B 3To#l cepuu Ha pro-samame or Xep bedt
THNMYBYG (QMHECKME panaKWpM, GoraTHe (OHOKPACTAIASMH pPOB0BOTO 8p-
TOKJNa3a, OKallMIeHHHE GOl aZbGATOBOE KODOYKOH. ITM IDaHMTH NO-
CTENEeHHD NEPeXOZAT B 0UKOBHO THeliCH, K0TOpDHEe COXP8HADT DOB0OBHE
NoAeBHE WOATH C Gexo#t aAs0MTeE0H 0TODPOYKOH.

Baons sanajHoil rpaHEMOH 5T0R HEHTPAABHON BOHH ;mxeuﬂpun
COOTBOTCTBYET NolUMETaMOphHECcKag cepms Qmep-ze-Juc (rHellcw,
CIBHNH M rpaHMTH), OHA8 CUIBHO NepepacoTaHa maeosofCKEUME 7B -
EOHMAMM M, BODOATHO, COLGDXMT TaKXe M KemGpuiickMe DOpoAs. Bos-
MOXHO, B Helf CyWOCTBYeT NOCTONGHHHH Nepexox oT ZokeMcpus (Hau
S0EeMOpuA) K Eemepum ( Iilly, 1963; Rodgers, 1973).

Cepua Qamep-ze-Jluc paspi?a B CGBEDHOW WYBCTM, & BA DIe HOABAR-
DTCH OOPOJH TPeHBHIBCKOM 3UHH Kamags (rEeilicH, I'DEHMTH, GHOPTE-
84TH). OHE P8RBYTH uexZy pasdoMamu Kador m Hen Bell {Browm,

19745,
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3anapHas ZoKeMOpHiCKag naaTgopua

JoBr PeHJX Ha ceBepe M Mupeiickuit Xep Pespx Ha ©reé NpejCcTaBIANT CO—
60il KpuCTANAMYECKMe MACCHBH IPEHBMIRCKOrD THna (TrpaHMTHHE THE -
CH, CIAHNH, TPAEMTH). OTH JPEBEME aAfpa, OMOJOX6HHHE IPeHBUILCKHM
OPOTEHEBMCOM, E6COTIACHO MEPOKDHTH KeMGpMeM (MOCWEHMKM, CHSHOH ¥
WHOTZA HMBBECTHKH C Archasocxatha)- Ho soKemGpHit Tome, Be-
poATHO, CymecTByer Ha ceBepe JoHr PeHpza M Bexms Aiiny ( Williams,
Stevens, 1971). C oTEMA JopManufMM NEPeCIAMBANTCH (a3aAbTH, KOTO=
pHe, BUAMMO, CBASAHH C ZFAaiiKaMu z4adasos, NPODHBAEBHAX Bpncraxmi-
9eCKoe AApo JoBEr PeHzsa.

0. AHTH-ATJAC (MAPOKKO)

TIaBHHE CTPYKTypalpEHE NOZAPAsAcAeHUs (DUCe 6)
AnTp~ATIAC pasjeNeE H3 JBe HEPSBHHO YaCTH OPOZAODIBHHM TEKTOHMYSCKUM
mBOM, HASB2HHHM ['IBBHHM Da3ZoMoM AHTH-ATIac8. Ha wr 0T BTOro mBa
NpocTHPaeTCHA apXeHCKHN KpaToH, NpejCTaBAANMAR CoGofl cepepHHM Kpai
3aNaZE08QPMKAECKOTD KpaTOHA. lib 6ro Ha30BeM WEHHM AW apPUKEHCKHM
KpaToHoM. OH 06pasoBai apXeliCKMMM CANAAHNMM CI2HLAMM ¥ THeHCAMH,
TpAEMTANA U MUTHATHTAMM.

Ha ceBep oT Toro Ee IIaBHOT0 pasaoMa HaxozuTcd MOOMIBHAA S0HA
AETH-ATaaca, B KoTopo# mepenieTanTcHd, OepeKpHBas ApPyT Apyra, TpM
CKISAW@THX NpoTepoaefiCKuX MDHCA,

B s7Toil MpOMIAbHON S0HE MOKHO BHZEAMTE MaccuB Cupya (B KOTOPOM Ha—
X0RMTCH MNOHTHHCKUA oHOAMTOBHH Byaxkah Cupya sucoTo# 3304 u). OH
pacnoxgmeE MEeXZy AByMA BeTBsAMd IZaBHOIo. pasioMa, K3 KOTODHX o0ZHa,
Golee ZpeBHAs, HAOpaBleHa Ha CeBepo-3amaj, & BTopas, GoJce MOSA-
HAg, uUMEeT WKPOTHO® NpoCTHpaHMe. Ha samaze 5Ta MOoOGMIBHAR B0HA M0-
TPYEA@TCH [I0Z TPETHWHHE M YETBEDTUYHHE OTNOXOHMA HUSMOHHOCTH
p.Cyca.

Ha ceBepe MOGuUIBHAA 30HA AHTH-ATIACE OrDaHWUWMBAETCA BTODHM
0®EDP KPYNEHM TEKTOHWUECK{M @BOM, HoBBE8HHHM (XHS-ATISCCKMM pas-
JoMoM. OH 0T7@ZAeT AHTM-ATASCCKyD 06XacTh 0T PePUUHCKOH IeoCHE-
KusH&M4 BHCoKero ATaaca. B aToi#f ropso#t nemd ecTh Tome Oolbuas
gHOMAJMA — NPOTEPO30HCKMN KpucTaAIKMYyeCKM)i MaccuB yseanapa. OH

rpEEMYMT C MaccuBoM Cupya, OKaiMIADLEAM eTo C DIa.

O6aacTs AETU-ATIacCA orpaHMvYeHa ¢ nra THHAYQCKUM O3cCoiHOM.
Jlanee B3 BOCTOK 0T AHTU-ATHaca 0TBETEIAAETCA CKIaZyYarTas roOpHas
nens yraprh, A Ha KpailHeM EOCTOKe €0 oKaliMaAeT AIEXDPCKAY OaccCeiE
HomouG-Bewapa.
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JloKeMOpMilCKHe CKIBZWTHE CUCTeMH, 00pasypmEHe AHTH-ATaac, oo-
KpPHTH MOMHEEM Y8XI0M, CIOXGHHHM CODUAMM T6 DMMHANEHOIO NPOTOPOB0OH,
KeMGpMA W Golee MOAOZHMM TOJmEMH naneosos. OHAKD HaWHAA CO Cpe -
HOro KeuMGpMs M ODAOBMKE STH NazeosoiicKMe cepur oGpasyOT ‘IMBMEH-
HOCTM WM DaBHMHH, OKDyX8DWHE CAMy IODHYD nens AHTH-ATIEACE.

Becs 5TOT YBXOX CMAT IOPUMHCKMMA ZBMEOHMAMH. JOKeMODMEt BRXOZUT
B BUJe BETHEIMHAABEHX MACCHBOB MIK Xpe(ToB IJIHOOBOr® CTPOGHMSH,
DKpy E@HHHX CO BCeX CTOD0H QepManusaMil YeXJA.

CepaTurpadmuyeckdil cocTaR uyexma (puc. 7)

MH HaHeM onucaEMe ysXla C HEXHeTro KemdpHa. Hage cpasy mpezynpe-—

ZUTH, YTD BCE CTpAaTUrpajuyecKHe COpMM YOXIA OUEHE MONHH HA 38~

naje, 8 mpd OPOABMEGHHA HA BOCTOK M HA OI MOCTENEHED yTOHWNDTCA.
A, Huxealt xeMOpUE C TPUIOGUTAME

CHMBy BBepPX HHXHAM KeMGpH¥ cocToMT U3 CIeAyomMX Qopmanguit,

I. YpHHe usBecTHAKM YHeiina (200-400 M), cozepzamue B
BepxHeli YaCTH M@JIKME TPUAOGUTH,HABBAHHHE Iindatella K. Sdzuy,
¥ apxeonuaTh., HMEHAR 49ACTH STHX MBBECTHAKOBR (ayHH HE COZOpPRHT.
OE@, M0%@T OHTB, COOTBETCTBYOT TOMMOTCKOMy SpPYCy.

2. CraHUeBO-MBBECTKOBAA fopManus AMyCIeES C TPMIOCHTAMY -
(Hawanas ¢ Pallotaspis), apxeouparamit # NDAMATHBHEMA GPaxumo-
mojamA ( Lingulla # 7p.); MomHocTs  350-450 .

3., CraHnesas QopManus WCcCaQeHa, OOraTas TPEAOOMTAME M
cozepzaman tyddmToBHl MaTepHan H X8JBAKOBHE M3BECTHAKOBHE OpO-
cuofikn (300-400 M), B BepxHeit wacTu 8T0HM TpyNON NOABAAKTCA
TDPHAOOMTH JNGHCKOTD fApyca.

4, Qopmauia NecYaHWKOR Acpupa, CpaBHMTEABHD G6jHASR
TpuaoouTaMu (75 — 300 u).

5, [locne BHAWMTENBHOTe N6DOPHBA TPAECTPECCHA CpeAHEIO
KOMODUA HA WMHAGTCA NOCHeAHedl TpPUIOCMTOBOK B0HO HUXHETD KeMO-
pud, DTO CASHOH M BYJAK&HW WCKMe Tydw YpHEeE H'Jpmact (60—
200 u).

6. OT8 CepHA HUZHOI'0 KOMODMA MOKpPHTA MOEHHMM MOHOTOE-
HHMH CHAHLUAMM cpeziHero KeMGpus (I000-4000 M ¥ Goxbue), B Bepx—
Heil 98CTH NePeXOAANMMA B NOC YSHAEHA.

B. BuHHo-KpacHas cepud (Serie lie de vin) BEpXHEro

Amyay
Mopckas HA Banaze 4 KOHTHEEHTANHHAR HA BOCTOKE, BT COpUA CO-

OTBO TCTByeT pycOKOMy BeHzy (Yro A0KABHEAGTCA CTPOMATONATAMI)}
MomHoCTE 600-I000 M.

138



CepHa HaUMHAETCA IEAHMKOBO-9BCTATMYeCKOHl perpeccueil, Ee HUEHAA
YacTr, B K0Topoll npeoGrajapT JMNOBO-KDACHHE TIJIMHH, OONUTH M
MepTeNM, HA BOCTOKS NOPEXOAUT B DOBOBHE MMM KPACHNe NECHUAHHKA
KoEr7oMepatH, OH8 KOpPeAMPyeTCA C THIIMTaMM Gacceiiia TayZeHHA B
SanazHoli Afpuke ¥ C 006paBOBEHMAMM BEHACKOT'O 0JeZ8HeHMA Pycckoil
a8 TdepuH. "

Cwiraerca, 9T0 NOCUGNEAHMKO0BEA TPAHCTPECCHA HE WHAEGTCA C MB—
BOCTKOBOIo caofg Tara co CTpoMaroauTamu, Mopck4Me gauui nosABAAKICA
EA CaMoM sanaze B HHxHe§t yacTW cepuM. OHM mOCTEN6HHO MpOZABATaDT-
CcAd Ha BOCTOK M B BePXHeHl 9aCcTH cepuid AOXOAAT A0 LEHTPAABHOTO Ab-
Tu-ATHaca. B HUX A0BOJBHO YACTO BCTPEY4WTCA CTPOMAE TOJMTH,

He B EpoBZne, HM B NOZowBe 3Tofl cepuM HUKEKUX Hecoraacuil He
M8BECTHD.

B, JlonoMHTH HdmHero Afyay (ujau EMEEME J0ZOMATH)
STo0 0YBHL MomHAF Z0XoMuToBaf cepus (csume I000 M), To MeIKOCHONC-
Taf, TO NpPEZACTABIGHHAA 0066 MONMHHMA [JACTaMH,.

Ha sanaze, B 66 GasanpHoil dopuanuu (I00-400 M), pasBHUTH ClaH-
OH 4 DeCUYaHAKM CO CI0DOM ZOJAOMMTOB B Mojowse. B 8Ty am0Xy BECH
AETu-ATnac OHA NPEBPAameH B DAaBHUHYy ¥ TPAHCTPECCHs HMEHEI0 AZyay
NpaKTUUYeCKHN He 0CTaBHIa KOHIADMeD&TOR,

B BocTOYHOH wACTM AHTH-ATIHaca AHZESMTOBHE M TPAXHTOBHE JABH
4 TyfH YepeAyNTCE C ADIDMUTAMA,

HuzBRft AZyZy koppeaupyeTca C BepXHMM pudeem Ypana, Ho oB ropas-
0 GefEee® CTPOMATOIMTAMA (TrIABHEM 06pasoM Collenia).

Jlo Tioxem¢puit I (Mas yapsasaTcRas cepus)
014 CepHA UOAMKOM KOETMHOHTAIEHAA M COCTOMT M3 BYJAKaHHTOB,
OpeMMymECTROHH KMCIHX, & HABOPXy — W3 KPacHHX M0Jacc, MomHOCTE
ZoxeMGpus [l 0Y6Hp pABAMYHA = 0T HYyIR [0 HOCKOIBKMX THCAY METDOB
(Banpumep, B ymeXeax yeza [ipa).

Jiosemopuit Hl mupoKo passMT B ceBepHolt wacTu AHTH-ATaaca (HEHT-
pansHEOTO0 4 BOCTOYHOID), T.6. B CEIazwaToit soHe Maporamug
(cm., HEme). Ero aHazoros CTAHOBMTCH BCE MEHBUWE # MEHBWE Np Mepe
NpoZBUREHNA HA Iy, K a(pUKEECKOMy KpaToHy, B aToll cepuu MoXHO
BHAGNATE 7 UAM 8 ByIKQHAYOCKUX KOMINOKCOB, COCTOAMMX M8 DHOIH=-
798 (M HIHUMODMTOB), SHAOBUTOB, MHOTZS ZBOATOB MM TPAXHTOB U B
HEEOTOPHX CAy 9AAX - M5 KOHTHHOHTENBHHX 0CEJKO0B.

Jisa Xopeme BHZeN6HHHX Heceraacus (CPaBEMTENBHD CIAGHX) Mog-
paszelApT STy COpUD HA TpM UACTH - HUXHDD, CPEJIHDD M BEPXHDD.
JiBe nepBHe TIIS8BHEM 00Da8B0M ByJAKAHWUSCKHe, C NpeobraZaHuMeM &H-
768BHTOE B HMXHOH UACTH M DUONMTOBEX WTEUMODMTOB B cpejHeil. Ho
HTHUMOPHTH CymMECTBYNT TAKKe M B HUEHel{t ®CTHM, & AHAOBUTH -
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B CpejEell, BepxXkAa xe YACTH COAGPEMT MOmMHHE KPACHHE MOJ&CCOBHE
0TJH0K6EMA (QopManua TMyMEA) - KOHPAOMEPATH, MECUWHAKN U NEAMTH,
a 'rax-:te. MHOTA8, NMPOCHOBOZHHG WBBECTHAKH C Collenia . C arEMm
MONBCCAMA Da3BATH WENOWHHE GOINe Wi POBOBHE DUOJMTH M WIHUMO pu-
TH C NEPIMTOBHMM ¥ MUPOMEPUZOBHMM fanuaAMM.

Kpoue BTUX ByJKaHMYeCKMX QopMaydii 70B0/ABHO YACTO BCTPEEOTCH
KMCAHE IPaHMTH POo80EOr0 nBeTa. OHM OCHYHD COIaTH MUKpOMETMa-
THTOM U MOIyT ONTEF OTHOCEHH K rpaHofupHolt gauyuu. BeTpevawrcs
TAKRE XUIH M ZaiKM MMKDOIpPaHATOB, MecTaMd HaGADZaWTCA LEJHE N0JA
9TUX ZaeK, 0CHKHOBEHHO MeDUZMOHANBHOT'0 HampamiaeHus (Cupya,
Cappo 4 T.Z.).

llokeMGpuit Il (& RorZ@ 0H OTCYTCTByeT — HUEEWE AZyny) saie-
raeT NpPAMO HA 3D0BMOHHOM NMOBe PXHOCTM, KOTODEA HMBENMDyeT BCe
AOKeMOpHilckue TopHue uend (0T apxes xo Mapokamuz). Kpome Toro,
MOXJy ZAo0KeMOpUeM Wl M HMEEMM AZyAy OOGHKHOBOHHO HAGADZAGTCA Cla-
608 HECOINECHUO.

Ecau zouaoMATH HMXHEro AZyAy CooTBeTCTBYNT KapaTaBckoli ce-
pau ypana, TO yapsas3aTCKAA CODHA, C 66 KDACHHMM MOJBCCAMH,
MOXeT CONOCTABAATHECA C BHMABMODJZAKCKHMM MoJeccamu. OHA 0UeHB
I0X0%a HA KpacHHe MonaccH Curman Xun (rpynna Kador) B Hsodaynz-
I8HJ8.

Jokemcpul I (uan 1-m)

~ JloxemGpuit N® - sro mocaenHsA npoTeposofickan cucrema, Koropas
OHIa MozBePEeHA CHIBHOMY OpOreHesMCy M A8JB KpyNHH{ CKaazw@-
TH#f noAc, OH OHJA CHOWA/& HA3BAH BOCTOUHHMM AHTWETIABUZAMM, @
norToM MaporaHuzaMM. 9T0 NOCABAHAA OpoTepPo30HCKEA CKJAJ 48 TaA
30HA AHTM-ATiacCa.

[laneoreorpaduyecKd 2TOT CKAAZYATHI MOAC yKI&ZHBEAETCHA B
MOOMABEyD 30Hy AHTM-ATIACA. B Heil ®e HAX0JMIACH OAHONMEHHAA
Te0CHMEKIMHANE, mpocTApaBmascAs 0T Cupya K Cappo. B Heil or-—
JaraliCh CJAAHOH ¥ IPAYBAKKH, 8 TAKNO MONHLE QAANOMZHHE TOJWM.

MomHEAA IpaHATUBALMA J0KEMO DU I® yemmxom npuypoweHA K aToil
' reoCHERINHANM (KDOME CyOByJKAEAUCKAX IPAHUTOB HAW@JI& 3TOTOD
TOKTOHA Y8CKOTY OUKJIA). MeTamoppuaM, XoTA M CHaCHii, TOxe pasBd-
BaeTCA IJABHHM 00pasoM B 3ToM 30He,

Ha or or raasHEoro TeKTOHMYeCKoro msa AHTU-ATiaca KapTHHa
coBCeM Apyrasd. TyT HeT HM IPAaHMTOR, HHA MeTamoppusmua, & CKJIaZ~
YaTOCTH DABBMTA TOULBKD BJ0Ab IAIABHNX pasioMoB. Ha sanaze (Wdmu,
Kepayc 4 Tefle) OTZATENUCH MOPCKME BMMKOHTHHEHTANBHHE (HOpMAIUH
cepuM AHSM, BAKAHUMBABUMOCH MGIKOBOAHHMK M NDUOPEXHEMHM DTIA0KE-
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HuAMM cepuu TamansTa, Ho Ha BOCTOKe, HawMHAA C paiioHa Hpep-
M3, 0CAZ0YHNWE NOPOAH NOYTH WCKADWATEABHD KOETMHEHTAALELG.

Cepus AHBM CIOXOEA TEDPUTEHHHMM 0CAZKaMH - KOHIIOM8DaTAMM,
necYaHUKaMM, NeJUTaM¥, GoraThHMM BYJKaHM WBCKMM MaTepuamoM. OHu
paszeneHH JEeTKMMM HeCOILAaCUAMM HE Tpu rpynns. HugHAA Ipynna
gorara MeJKOCHOMCTHMM [I0POZEMM, MOXOEAMNA HA JIEHTOYHHE IJMHH
(Bapsd) ¢ yaCTHMM onoasHAMM ( slumping). Buue npyT necwd-

HUEM ¥ N6JUTH,

CpezHsf rpynna HayWHAGICA KOHIJOMEpaTaM¥ C ByJIKEHMYECKUM Ma-
TepuaioM. CHUSYy BBEDX rallbKi KOHTJIOMEPATOB CTAHOEATCA BCE O0-
JIe6 MEJKMMM; NOTOM OHM NMepexojdAT B NeCYaHWKM, CHAYATA KDynHO-,

4 3aTeM MEJIK036PDHACTHE, HO BCEI'JA COZSpPEAMME ByJKaHWYeCKU Mma-
Tepuall, BHme MAyT NEJATH W rpayBaKKM, COzepxamue KDEMHEBHE
Nopogs -~ CAZGKCHTH, YEPTH M T.ZA., HamoMHMM, 9T0 3TH NODOAH MAEH-
TUYHH COOTBETCTHYlmMM QauuaM rpynn KoHcenyes, KoHHeXTHHT [IoHHET
i Apyrux » HeojayHAAGHZE .

B BepxHe#t rpynne NoBTOPADTCH Té K6 (anudM, HO B KOHErJIoMeparax
NoABAAETCA TPAHWTHHA M8 TEpUEI.

B nopowse kaxyoif M8 STUX Cepuil BCTPE YAWTCA BYJK&HMWTH,

AHoTZE O0HM 00pasyLT KpyMHHe BYJIKAHMYSCKMe MACCUBH. [lpeod.azanT
PUOAMTH M WTHAMOPUTH. BHue NoABasnTcA TyQH M rpayBaxkd, OHM
0C0G6HHO DasBUTH B CpezHel rpymme.

TananpTCKan C8pUA nioxo CBA34HA C cepueii AHsd. Eme He-
M8BECTHD, HYXHO AM KOPPeAdPOBATH T8 HAABTCKYD CEDUD C B6PXHUM
AH3¥ KMJM CUMTETH 66 CAMOCTDATONHHOH CepHeit ¥ OTHECTH K Z0KeMO-
pap I Hassenforder, Jeannette, 1974),

B HumHeM YACTH TAHANBTCKO{l CepUM. 0UeHB CUABHO DE8BUTH BYJIKa=-
HuTH, BHNO J6XAT KOHTJIOMSPaTH M MECEWHMKH Clerxa po3oBOd Mim
@uoneToBol oKpacKi., CepuA 3aKaHUYMBAGTCH MOMHHMM KOHIJIOMepaTauy,
Ha KOTOPHX 38J6raeT HeGo/AbWaf CBATA NEJAMTOB C TUICAMM M NPeCHo—
BOZHHMM MSBOCTHAKEMM C Collenia . OTa CBMTA NPUHAZLJIEKMT,
HaBepHoe, K ZoxeMOpum O.

Janbie HA8 BOCTOK MOPCKMO OT/OXGHMA [0CTE[IEHHO B3aMELaoTCA
MpepMCKOlt cepueil, CADEGHHOM LGMAKOM KOHTMHGHTAJIBHHMA TEPPUIeHHHMH
OTNOEGHUAMN W BYyJKaHEMTaMU. B Hell BHJ6AADTCH YeTHpe Ipynns gop-
Mamuil, ClerKa HECOTrJNACHO saJeravmUx ozHa Ha apyrod. Haxgas rpyn-
na HaYMHAETCH ByAKaHMTaMy (CpaBHMTENBHO DOZKHMM B NOZOmBE Meps ol
Ty OMH)«

[lepsus rpynna npeacTraBieHa MomuuM¥ (Goabue I000 M) MeAACC OBHMH
KOHrJoMEpaTaMd. 3T0, BepPoATHO, aEAJOr HUkHeTO AHSM. X raje uHuil
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ME8TePUEX IAaBHHM 006paB0OM KBAPHUTOBHN M NOABMICRK B CBABM C pas-
pyueEMOM. aHTHaTHAaBMZ (CM. HMEe).

Bropas rpynna, CuMan Ma/JoMOWLHAA, XaPAKTEPHByeTCHA CEpPO-3€l6HH-
MM NEeCYaHMKaMM, NePeKPHBaDMMMA KMCHHEe BYIKAHWTH TOrLD X6 LBeTa,
STOT aHAAOT CpeAHer0 AHBM BHKAMHMBAGTCH B BOCTOYHOM Hampasie-
HAH,.

TpeTsd rpynna - KPaCHOLUBOTHAA: KPACHHE KMCIHe BYIKEHMTH,
KpacHHEe NMeCW\HMKM M OeiMTH, Ee aHaJord B palloHe AHBM He MBBECTHH,

YersepTas Ipynna CooTBETCTBYeT TaHAABTCKON cepuu., lleTperpadu-
YeCKM 0HE 0USHD CJOEHA: B Helf 6CTH MOmMHNO GOJH6 DHOAMTH W HTHHM-
opuTH (lxedens Akaum, 2526 M), CHOXHN{ aHAEsHTOBHYU KoOMOIZeKC, MOm-
HHE GpeKwiM, TyQH M KOHrJAoMepaTH, Kaxk M TAHANBTCKAA COPUA, Mpepu—
CKWll ByJIKAHOIreé HHO-0CAZI0YHHYA KOMNJOGKC B38KAHUABBOETCA NEAUTOBO-
necyaHoll cauToll, oTHoCcAmeicA K zoKemépup Il 4 cozepxameil MBBECTKOD—
BHE NpocAodKM. 5Ta CBMTA HOCOTJAACH) 3aNeraeéT Ha KOHriomeparax i B
CBOD O4epejb TOXKe HECOIJACHO NePeKPHBAGTCA DYy MMM KOETJOMeDATaMM,

CrondgaTHe CTpoMaToAMTH (Cefi%aC 0HM MBYy WOTCH) OHIM BCTpe~
yeHH TOZBKO B OZHOM MOCTOpORZeHWM B paliose Tappas, B mro—sanag-
HOl vacTH DEHOro MapokKo.

[lo BCO# BEPOATHOCTH, ZOKEMGDHI 0°® goamen KOppPeNKpOBATECH
c0 cpezHuM pugeeM Ypanas (MoxeT (HTH, TOJIBKO C ero BepxHelt
gacTeo ?).

LokeMGpurit G (uam opocto I1)
grTa cucTeMd o0pasyeT CRIAZUATHH nofAc AHETMaTIASMA (MIM BanagHuX
hHTHATIABEZ) .

Caumne x8paKTepPHHO NOPOZH 5TO# cHCTEMH - (eAHEe KBEPHUTH,
ofpasypmUe MM LeNHe TODHHE MACCHBH, WIM KBADLUMTOBHE XDEGTH M
KpAEH. MOWEOCTH MX JOCTAIaeT (a mecTamu 7axe NpeBHmAET)
1000 M. Doz kKBapiuTaMd 0OHWHO HAX0AATCH MaPecTHARM (600 M) ©
OHKONMTAMA W CTPOMETONNTEMA (HANDHMED, Gaia irkuskanica, Krylov),
Bume KBapOoMTOB HAaOIDAADTCA OCHOBHHe ByAKaEuTH (400-600 M), &
3aTeM - MONHAA CEpUS CIAHLGE, NepexozAmes B0 GaAum. STH CIAHOH
00HUHO MeTaMODJMB0BAHH B yCJNOBMAX BIMBOEH,

TpasuTH B 2T0# ropHo#t yenmu oveH: pezxu., Ho 8aTo0 UpesBHUAlHD
CHIBHO paBBUTH Tad0po-ZmoaepHTH, OHM 06pasynT HEUTO BPOAE
CHIBEO0 TOKTOHMBMPOBAHHHWX IAKKOJIMTOB, MOACTHUJEROMAX KBADOUTOBHE
MacCuBH,.

Cucrema zoxemOpus Il passuTa ¥ B MOGMABHOM B0He, M HA DEHOM
KpaToHe. Ho Ha wre ee MOEHOCTH yueHbuaeTcd, OHA BCErja sajeraer
HECOrIacHO HA NPeZHZYNMX COPHAX.

142



JioKeMGpH it o (nam I-m)
Ora cucroMa o6pasyer CRaazwTHE mosc Byassepup (HMaM leETPAABHEX
AETuariasuy). OHA Z0 CHX DOP XODONO MBBOCTHA TOABEO B MOGHIE-
Holt soHe AHTH-ATiaca, H9 66 NDHCYTCTBM® NPeANOIATA6TCA TAKEE HA
DXHOM KpaToHe,

T'zapBas YapakrepucTMra Eyassepuz - 970 N0EC 0QHoAuTOB, MpECTi-
papmMilics BA0Ab IIaBHOr'? TEKTOHAYECKOro mBa AHTH-ATmaca or Eis
Tpapu (Ea BocToKe) Zo BocrouHo#t Cupya (BHa Bamaze).

ilsBecTEH ZBA THNA 0CAAOYHHX MOpOA, ORaMIADEMX 8T0T MmoAc: B Ems
Tpape 8To0 CepPHOETOEHe CIAHNH, & HA DXHOM CKJ0He Maccusa Cupya -
THOJACH C KOPAMEPMTOM M MHOIZA YePHHG CHAHIH C AHZANYyBMTOM. OTH
pcaziouHNe QopManuy NepeXpHBANT OCHOBHHO BYJNKAHMTOBHE KOMINEKCH =
COMAUTOBHE, AHAGBMTOBHE, pUMOIMTOBHe (EeparTofupoBHe), KoToOpHS
CONPOBOXAGNT COPNEHTMHMTH ofMoIMTOBOr0 mofca. B camoit mozowse aToi
CHCTOMH BCTDO YBDTCA MBBOCTHAKH, MTAGMPUTH M MHOIZ8 KBApOUTH C
SIDMAHMGBHMH CHIMEATAMA,

Byassepuzu, BepOATHD, KeppeaupymTcs ¢ Kapemuzaud BanTMii-

CKOr0 mMTa uIM ¢ [yacoHEzamd Kemapu (adeduil). OHE oTje AsDTCH
KDyNHHEM HecorJacheM 0T apxeficRore gyHzaMeHTa.

DoremGpuit I (mau apxeit)
Apxefickas CKIAZYATAA CMcTeMa OunA HasBaEa Bepdepupamu. OHa
o6pasyer QyHAameHT pmHoro (a@pMEAHCKOre) KpaToHa AHTU-ATmAca.
OT0 0Y6HH MONENE NOAMTOKTOHUYSCKME M HoauMeTaMopdUvecKUe chaE-
. nepus cepur, CTeneHs MeTaMopprsue BnMsoHanbHas Ha sanaze (Kep-
Ayc), Me30- ¥ KaTA30HANBHAA B OBATpaIbHOM AETM-ATiace (Bemara).
OCHYHG 0YeHH WBTOHCHBHH{ zuafTopes HAKIAJNBAETCA HA 3TOT Peruo-
HaAbHH MeTaMopfUaM. I'DAHETM3ANHA ¥ MUTMATHBALWA TOXE 096HB
CHIBHH,

C TOYKM BPEHMA 0C3ZAKO0GDABOBAHAA WIM COZMMEHTOJOTMM, IiaBHasn
0C006 HHOCTH ZIOKeMOPUA I — BTD OPHCYTCTBME CHIMKATHHX KOHKpenuii
AvaMeTpoM 20-30 cM, OHM yAMBHTEABHD CXOXA C KOHKDONUAMM KEHAZ-
cxoro apxen ( Pettijohm, 1943), 90 OHJNO cCpasy 0TMOYeHD
KaHaZCKUMM recioraMu B.P, YepuweM # I'.M.AHroM (KoTopHE MpPAHAIM yw@C-
THe B BKCKypcuM I973 r., ymoMAHYTO# BHmS).

Bravazme aHTH-ATIACCKMY apxeifl moppaspenand Ha AeKemopui O Ha
sanajie M ZoxkeMopuit I Ha BocroHe. Ceityac 2TH ZB@ CHUCTOMH p(be-
ZuBeHH, OHM DABAMWANTCA CTONEHBD MOTAMOPJUSMA, CTENEHBM MOCA6-
zyomero auafropesa, JamuaMu rpaEHMTOB U T.7.
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Hak GHZe yze yOooMsHyTe BhEEE, BT0T apxeit nNpozoixaeTcA HOX
goxaoy THEZyBCROro GacceiiEa HA NI ¥ TAM NOAXOAHT K n0Z00HHM Ho=
pezam Perm0aTCKOro MACCHEBE,

BaRInIeEHE
B uTOre MogHO CA6IATH BHBOJA, YT JIOKeMGpDH{ AHTU-ATIaca CozepRAT
YBTHPe CEIAAUYATHE CHUCTOMH, B8J6rabDEAe HeCOrZacHo o0ZHAE HE zZpyreil.
Bro BepCepuas (apxeii), Byassepuzu (HMEEM{ mpoTeposoi), AHTHaTIA-
sEZH (cpeamuif mpeTeposoil) ¥ MapokeRMFH (BepXEMM mpoTepoBoit MIH
BOPXHAE YaCTH CPOZHET'® NpP0TEpPoB0s). Bce 9TU CMCTEMH NEPEKPHTH
UeXNOM, SaI6TAaDmUM TOXe HeCOriacHo. OE COCTOMT MBS BepXHero H
TEPMMEBNBHOIO OpOTeposed (HMXEMU B BepXEM#t AZyZy) M CoOTrAacHe
Ba76TaNWero Na760808 C OYOHS NOJHHM M GOTATHM HCKONBEMHMH 0C-
TaTKaMA KeMODHEEM. !

Kaxzas cRiazuaTas CUCTOMA JZOKeMODMA HMEeT CEOM X8paKTepucTH-
KM, CBOM 9CaZ04HHE COPMM, CBOM BYAKAHUTH, B CONBUMHCTBE CIy Ya6B
.CEOM TDAHMTH ¥ B6IOHOKAMEHHHE WHTDYS8HHM, CBOU MeTAMODPHBM H T.J.
KoppenAnus 9THX CHCTeM C COODTBOTCTBYDMMMM CHCTOMAMH ZpyTUX
CTpaH HAMEUAETCH B OCHOBHOM Z0BOIBHO J6TKO.

. CpanHeHHE@ CUCTEM KeMOpUA ¥ JoKeMGpum AHTH-ATIacs

¥ HeobayHEzadeHza

[pepsapuTenrbEHe SaMeWAHARA
(Qoucas IIBBHHE I60J0TMYSCKHE XBPAKTEDUCTHKA ZBYX CTOAb 0TZaJISH-
HHX cTpaH, kaKk HeopayHpmeHz ¥ AHTU-AT]acC, MH NocTapaeMcA UX
CPaBHMTH M OOpEZeIMTH MX CXO0ACTBA M TI8BHNe pasidwdf., Hazae mez-
YepEEYTH, YT0 6[MHCTBEHHHE® apryMeHTH CPABHEHWA DA 3IMYHHX CepHi
¥ Gopmanuif B HAWEM DaCHOPAXEHMM - 3T0 WX GauuM. DTM KpUTepHH
CKopee cJafhe. K HMM MOEH® OpPUGABMTH KpMTepuil Hecorjacui, Ho
OHU TOX® MOTYT NOTEPATS CBoe BSHEYGEME HA Z@JEKMX PACCTOAHMAX.
BrocTpaTArpaiMvecKAe APIYMEHTH IOpasmo HANOeXHES ,HO OHM IIOKa
YTO OWGHD DEAKH". '

Inyun yOoMAHYTH HEZABHD WSy YeHHyD I'ojMaHoM CTPOMATOAMTORYD (Io-
py rpymns I'pud Xea (HsnOPYyHCBUMK), AS8DHYD BO3pacT HeOXe/MKASA,
T.6., ApesEee I000 muH, 76T, Koppensuusa sTolf rpynns ¢ aBallgHCKDR
cepuelt eme TouHO He yCTAHOBIGHA, HO OH& BOOJHe BepoaTHa (CM.
HUZE ).
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Yro KacaeTCda PAZMOMETDMUSCKHX oNpezeNieHAit, CeJaHHNX B 3THX
ABYyX CTpaHAX, TO, HOCMOTPA H8 TOYHOCTH yOOTPeCAA6MHX BMINapaToB,
H8 HUX NOJAraTHCA BoOOWE HEBOBMOXHD, TAK KAK 0066 CTpaHH NpezcTaB-
| AAWT C000it MOOMABHHE B0HH C CHIBHO OMD/JOXGHHHMM TODHHMM IOPO-
Zauu.

Jina CpaBHEHMA STHX CMCTeM MH 0a3MPOBAJWCE Ha KOHLeNLMM pas-
J6A6HMA M ZApUPTE KOHTMEEHTOB C NOCTENEHHNM 06pasoBaEMEM MOXZY
HUMM ATIBHTHYOCKOTO OKeaHa. MH yxe CKasald, ITO reorpajmvsckae
pecTaBpalii eIUHOrO MaTepuKa (Choubert, 1935; Bullard et al., 1965)
Z8pT C cepepa Ha pr, Mexxy HepdayHZAEH[OM M MapOKKD pacCcToAHHe
I400-I500 kM. Tak 9To Obao OH yZAMBMUTONEHO, 6CHM OH MOCJE 10B8 615~
HHE® CHCTEMH, HOTOpDHE MH Ceiigac Ha0AnZaeM C JByX CTOpOH ATISHTH-
YeCKOr0 0KeaHa, 0K83aIUChH OH TOXZ6CTHO HHHMH,

Mu sHaeM TaKEe, YT0 OPEABApPUTENBHOS 0TAGAGHME® BTHX ZABYX KOH—
THYHEHTOB yX€ NPOM3OWN0 B OEpUOZ OT TePMMHANEEOTO ZOKEeMGPUA A0
HUEHET D 18aJIe080A, NpeAmecTByomMUEt 00PEB30BEHUD CKIAZYSTOR B0HH
Annaza w-KazezoHuz, CGoJ6e MJIM MEHEE NApPAJIGABHOR ATIS8HTHYeCKOMY
0KeaHy. Ho MH COMHeB&EMCH, 4YTOGH 5TH TEKTOHM Y CKME IBMEGHUA CMOI-
I# NpPOMBBECTH CMJbHHE I'OPA3DHTENBHHE CMONEHWA, KOTOpPHe OH BHA—
YUTONEHO MBMEHMIM B3GMMHHE OTHOWEHWA paCCMaTpMBaeMHX cTpad, (zEa-
X0 MH 3HA6M, YTO OAMH W3 TNABHHX NEPHOADB MB0TONHOIO OMOJOKEHMA
TopEEX mepoh (naHadpMKHEHCKMI) KK D8 COBNaZEeT C 00pas0BaHMEM
9TOI'0 8TJAHTMYECKOTD DaneopudTa B KOHUG AOKEMODHR M Hayale KeMb-
pus (0T 650 z0 550 MIH. 76T HABAZ). i

a8 npeanaraeMhx Keoppedsnuit M 6y 76M 0nMpaThCH TAABHHM 06—
pasoM Ha MapOKK&HCHKME Cepuid, TAK K&K 0HM OoJee NOJAHH, YeM
HbpdayHaaeHACKME . CpeaM STHX NOCIGAHMX MH GyZeM OCHOBHBATECH
TIAGBHHM 06pa30M HA CepUAX ABSIOHCKOM 30HH, KGK Jy Qe Bcero us—

B crHolt,

CpaBHeHMe uexnoB AETu-ATiaca M ABajoHcHOli 30HH

Lo Tex nop, MOKA PAHZOMCKME NECWEHMKA ¥ KBAPOUTH CYATEINCH T03A-
HenpoTe po3oiCKKMM, CPAFHEHMe 4Y6XJA0B ABAJOHCKON 230HH M AHTH-
Arisca HaMeualioCh Z0BOABHO yZ0BJ6TBOPATENbHO. C ZABYX CTOPOH AT-
JAHTHYECKOr0 0KEAHA CYMECTEBOBAJ A0BOJABHO CXOAHHN HUKHAE KeMGpuii
¢ TpyAoCHTaMu (CJIRHNH C GOJABNAM MIM MEHBEMMM KOJIMYEeCTBOM W3-
BECTHAKOBHX NpOCN06B), Ero HAXHME TOPUBOHTH 0TJIMYANMCE KDACHHM
nBeToM B ABamome (rpymna Azeifrona); B AHTM-ATIace HMXHMY KeMG-
pult nozcTUAaNCA BAHHO-KDAcHO! cepueit BeHga. JToR cepud B ABalo-
He COO0TBETCTBOBAA NOPEPHB B 0CAAKOHAKONAEHMM. J0AOMATOE B Hbp~
faynzaeBze HeT. Ha ¥X MECTe KaR pas HAXOJMAKCE PAHAOMCKME KBap-
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OUTH, 8HANOTAMM KOTOPHX MOTJM GHTEH POB0BATHE [6CEHMUKM CEBEpa
Wcnabmu (AcTypus) HIM HUEHAA 9BCTH MOmMHOM CIBHI6BO-TpayBaKKo-
BO# cepuu pra-sanajza MoepuiiCKero moIyoCTPoBa.

Ho ¢ Tex mop K&K DaEZOMCKyD CepUD, H8 OCHOBAHMM NPUCYTCTBUA
B Helf cle0B HEMBSBOCTHHX OPraHdsMoB, NPUCOGAMHMIM K HMXHEMY HKeMO-
pupw, KoppelAnWa YexuAeB ABaloHa M AHTH-ATHAACS cTANA COBEPUEHHD
HeBOBMOEHO#, HoHeuHo, CAAHNEBHE MJM CJSHIEBO-MBBECTKOBHE CEpUK
¢ TpUADCMTAMM, CymECTByDWUE B 0664X CTpAHAX, MOIAM OTAOXMTHCH
B pagHHX YACTAX TOr0 X6 HUXHEKEMODUICKOrO nopﬁI. Ho B HUEHeM
KeMGpuy AHPM-ATIECA KDACHHX 0TIOEEHME ¢ GpaxuMonozaMu He Cy-
mecTsyer. [lpaBza, B 6I0 BOCTOUHOY 9ACTH NOABJAAOTCA KDPACHO-JIMI0-
BHe npochoitkM, & COBCEM HA BOCTOKE BECh HUEHME KemGpull (y=e
He OoJEHM M 0YeHP MAJOMOMHHI) NMePEeXOoAMT B KPACHHE WAM DOSOBHE
MeCYaHHe 0TIOReHMA KOHTMHEHTANBHOTO Tuna (Hanpusep, Jlxecens
yrear), Ho mepepuBa, oTAedARLErs EMxHME Kemopuit (rpynne AzeiiTo-
Ha) CO CKeJeTHON QayHoif 0T ero Bo3MOKHHX HU30B, COAGPXANAX TOAB—
KO0 CAeZH KaKMX-TO EBMBOTHHX, B AHTM-ATIACe He HaGapzaeTcA. HaoGo-
poT, B ABaNOHCKOHl BoHe NMpU STOM HOBOM TOJKOBE8HMM HOT HU BEpPXHE-
ro (BeHz), HM HuxHero AZyZy, KOTODHe 0TIAraliChk B CPAaBHMTEILHO
orpaHMYe HHNX CacceiiHax (sanuBax). Kax pas Qopsa Takoro MopcKo-
r0 3aI¥Ba CPAaBHUTENBHO X0POWO M3BECTHA AJA HUEHET 0 AZyAy AHTU-
Armaca,

Hoxemcdprit Ml
B pzoxemopun [ MH, HaKOHEI, HAX0ZMM CXOZHHE OTJIOXEHMA B 006HX
cTpaHax. [lpaspa, B AHTU-ATZAce 378 MOmHAaA Cepus COCTOMT IiIas-
HEM 00pasOM W3 HMCIHX ByJAKAHATOB, TOrA8 Kak B ABaloHe ¢ Tpy-
AOM Hali4eH0 TOJNBKO HECKOJBKO [1POCA08B Ty@oB HOZ MoJIacCaMi,
8aTo KpacHHe MoIaccH rpynn KadeT (Cursaa Xua) u MycrpaserToHa
0WHP CUIBHO DA3BHTH, TOIJA KaK B AHTU-ATIASCCKOM ZOKeMOpuu [I
0HM TOABAAWTCA POJKD M XOPOWO PasBUTH TOJBKO B BEDXHEH uacTH
(TuyuHCKan QopManus). Hezgo Taxkke yHoMAHYTH: S6J6HOBATHE MODCKME
necuaHHe MoiaccH (pafios Cs. JlkoHCa), KOTOpPHE HAXOMATCA MoZ
KpaCHHMH MOJ4CCaMd, HO MOABIADTCA TaKXe BOCTOYHEE, C [BPEX07OM
K HUM KDAaCHHX MODJAECC,

lus 7eT8ABHOTD CPABHEHMA STHX Cepuil HAAD MOZOEJATE My 6AUKELUN
MoHorpagus T.P.0aeTwepa.



B AgTm-ATiace, 0COGEEHD B ero ModuinHolf soHe, Hecorzacue zo-
KeMOpHs [l H8 MapOKKaHMZAX 0CHKHOBOHHO 0YOHb fACHO M MOEET CUMTATE~
CA 0GeccrnopHEM, HO OTIMYMTE STH 2B6 CHCTEMH - ZOReMOpHH n® u
AuvkeMopui I, oe COCTOAMME M3 KOHTHHOETENBHHX MOISCC M KUCHHX
ByAKAHKTOB, B Npeje]ax WXHOT'O apXelICKOro muTa 0WHE TPYyAHO.

STo Tem GoZNee saTPyAHMTONBHD, YTD TOKTOHHYOCKH® JBHROHMAA OHIM
871I8CH B3HAUMTeABHD cralee,

B HsodaysaseHze xe QBAJNOHCKHME ABMXOHUA BOOOME OYSHE CIA0H.
Mu yze oGcyxzam# sToT BonpeC Buuwe. Oaue us Eac (B.l.B.) cwmra-
€T MX 7axe H6 TEKIOHMYECKMMH, &8 CKOpee MaocraTHuyecKuMH (Hughes,
Briickner, 1971), KpOue DOZKHX UCKIDUYeHMA. [[09ToMy Hecoraacue
MeEAy rpynnauu KaGor ¥ KoHcenueH 0GHKHGBEHHO 0YeHE cIagoe HIM
Z8X6 COBCOM HE YyBCTByE6TCH. Ero MOXHO BHZ6TH TOABEO B MCRADTM-
TEJNBHHX Cxayuwmax (Hanpauep, B Pez Xea). :

i BCe %6 BBANOHCKMS ZBMROHMA OHAM ZOCTATOUHO MHTOHC MBHHMM,
9P00H 0Jpa80BATH MECTaMM SHAaWATeIBHHN peane, KOTODHHU z8X Ma-
Tepuan MonaccaM. Ho oHM OHIM HeZ0CTETOYHH AJAf PEBBUTHA CUIE~
HOrO ByAKaHWBMA.

PagHMLy MeXJy copdAMM AHTU-ATIACE W ABaNOHCKOH B0HH, MOXET
OHT B, CASAyeT OGBACHATH TOM 0(CTOATENECTBOM, YTO TOpHAA L6N:
MapogaHdz oGpasoBazach (M OWIa paspymeHa) BA cyuwe, TOTZE KaK
ABaZoHUZH NpeACTABAAAM CO0G0ll ByJAKaHW U CKMe 0CTPOBE, OKDYXeH-
HHE CPABHATENBHO TIYyOOKMM MODEM. DTW 0CTP0OBA OHIM BSEE PrUvHO
ZedOopMupPOBAEH W NPUNOZHATH TOKTOHWYSCKUMM mpeneccaMmd, Torza
K8K OKPyX8BU6e MX MOD6 XO0TA M MeJeso,Ho He HSMEHAJNOCH MIM ME8-
10 U3MEHANOCE.

Tioxemdpu#t N° (mam [-m)
s Tpex nazeoreorpaduIeCKLX BeH, KOTODHE MH ONMCAIY BHWG, B
AHTH-ATIECE, CAMDE GOJBNO6 CXOACTBO ¢ ABANOHCKOM B0HOH OHAD -
ycradoBneHo B Gacceliie AEBM. DT8 CepUA 6 ICTBUTENLED OYOHB
N0oX0Xa H8 HAXHOD YacTh nporeposoficke# cucreMH ABs moHa,

I.B nepsyn oYepeAs MH yOOMAHEM KDSMHEBHe MOpOZH, OEpEX0—
AANME B CHAGKCHTH, KOTOPHe MASHTMYHH B CODMAX AHBH M B rpyn-
ne Téna KoHcemweH., OTM NOPOZH NOABAADTCA MEXJy IpayBaKKaMi,
NeJAMTAMM W MEJKHUMM N6CYaHMKaMU, OHM 9acTo CONPOBOXZADTCA MeIKo-
puTMMUECKoll caoucToCTHED TMma Baps ("BapBaTH").

2.Jl6AHUKOBHE OTIOXGHMF TOX6 0YeHH NOX0XM, 5T TUILIMTH HHE-
Hell uacTM AoKeMOpum [I®, Banmpumep Ha samaze, B A0AMEG B6pPXHE~
ro Cyca (oKono Araysa), 8 H8 BOCTORe — B THAMIMHCKeR cepud,
B6ausn Fyassepa @ B OKpPeCTHoCTAX AT AXuaHa.
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Takue Ee TUINUTH, YACTO CBUZETEALCTByRNNME 0 ABOMHEOHK J6AHN=
KoBO# Qase, CymecrEyNT BO MHOIMX MecTax B ABaloHCKOM Bs0He.

Ho mopogs, COMyTCTBYDOWHE THAMATAM, MOTYyT OHTH 0Y6HH DABAMUHHME 3
066eMX CTpaHaX.

3, MoEHO yNoMAHYyTh TEKKE HOKOTODHEe KOHIJOMEpDAaTH M KpPyNHEO38pPHUC-
THO NeCYAaHWKM, 4ACTO .BCTPEUEDNMECH B CODMM AHBM M yKASHBA WM,

H8 PEYHY© SPOBMD M TPAHCHOPTMPOBKY. OHH MOX0XM HE KA8CTHYS CKHE ,
TepPATeHHHe 0T/ON6HWA, HAX0ZAMAEcCHA, HANpDUMep, B rpynne Xapoyp
Meite Ha sanape oT saiusa HoHCenueH bBeil, 8 TaKxe B HAXHeR wacTH
dopmanuii Bur Xea u JioHr XapSyp B cpezseft wacTd ABaleHCKOR

80HH,

4, CX0CTB0 BYJKAHUTOB 066MX CTPAH HO yAMBMTE I5HO0, CXOAHHM rias-
HHM 06p230M KMCJHe BYIK8HWYECKAe KOMOIJOKCH — I&8BH, MTHEMGDMTH,
Tygu, GPOKWIM (PUOAMTOBHE MAM ZSnMTOBHE). Ho B To X8 BpeMs
HOABOAHHG THUNH JAB (MNOAyWeYHEHe OCHOBHHE AaBH) B AHTH-ATIACE EHe
CymecTBYKT,

5,370 CX0ZCTBO AOXOAMT Z0 NOPOA, DONBSPIHYTHX ITHEBMATOJMTHIS=~
CKOMy MBMBHeHMD, NDPEBP3MADNEMY DHOMMTH B nmupoduamsTH. Tak,
Hanpuuep, ODHPOPMANATH Bucokoro Armaca (AMT ABeprys) oueHs mOXo-
XM HA MOPOJH M3 KApHepa, HAXOAANEroci WxHee MaHyensca B 80HE
Asanosa ( Keats, 1970).

HecMoTpA Ha CX0ACTBA STUX ABYX CHCTOM, DPaBINWIA X TOEE 20—
BOJABHO 9HA WTeAbHH, Hanpuumep, HS CeBepe I'90CHHKAUHAABHON B0HH
Mapokasun (Cupya-Cappo) pasBMBapTCH QAMLEBHS M I'payBaxK0BHA
cepud. Ha BOCTOK® DOXMM CTAHOBUTCH KOHTMHE HTAZbHHM. TaM moay yuam
pacrnpocTpaHeHM® KOHIrJOM6DATOBHO MONACCH — DOSyALTAT Das[yWeHHd KBap-
LMTOBHX TOPHHX Leneil ZoKeMmGpus HZ. Hexoropue fopwmagne 0TaMYaDT-
CA KpacHHM uBeToM, Bce aTw fayuu Ha HeodayHaAeHze He CYMECTRYDE.

Pacnpe zeneHue BYAK&HMTOB B BTUX ZBYX CTPAHEX TONS paBIMYHeS.
B ABTH-ATZBCE DMONATOBHE M 8HJEBMTOBHE BYJIKAHHTH DABBUTH OOHKHO-
BOHHO B HaW.@ Kamjoi M3 Tpex (Mad weTHpex) gopwmammit sTMX Cepuil.
A B ABaJOHCKON B80HE BYJAKAHMTH HUEHOI0D KOMNJEKcaE 00pasynT MOmMEME
HarpoMoxzleHMA naB, Opexkuuil ¥ Ty§oB, KOTOPHe Ha KpaaX BTHX ByIKa-
HAYECHMX MACC NepecjadBapIcA C OTIAONGHMsMM THDA rpyunny KeHcem-
geH (C THAMMTAMM BEADW TOJBEHD).

MOEHO NpeAnoNOEUTH, YTO naneoreorpadu veckue ycaoBua sTolt amo-
XM OHNM CJOOXHH W PaBIMYHHE CopUM AHTU-ATIaca, KOHeYHO, He
npocrupanucd A0 AsanoHa. Ho ycuoBus oGpasoBaHAA TOPHHX nopoz
GnJH HOCOMHOHHD 0Y6HB CXOZHH,

JnoMgHEeM 0 CyWOCTBOBAEMM CyOGByJIKAHWYECKMX I'PaHMTHHX MACCHEOB
B zokemGpuu NN® Anru-Araaca (Banpumep, TagpayrTcruii Maccus). Te xe
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TPAHATH CyMECTBYMT B ABANOH6, HAOpUMep rpandT Xoaupyza. Ho "TexrTo-
HWYeCKMe" rpDaHMTH, 0YeHb CHABHO pPasBuTHe B AHTM-ATmace (Tuduye,
AcKayH, Yselmap ¥ T.l.), COBEPUEHHO OTCyTCTBYNT B HemdayHAme e,

Jiokeuopuit I° (uaw 1)

KBapyuTe ¢ cepunMTOM B Xpe6Te, DTKPHTOM JMIIM (L111j. 1966)
Ha Tpanz-DaHke HiofayHAMeHAE, A0JXHH KOPpeldpOBATECA C KBADPUHTAMHA
AokemOpusg [I© AdTu—ATiaca, MH yxe yNnoMHEAJM BHUE, YTO0 I8/BKE
3TUX KBAPLUUTOB C COPULMTOM HAXOAMTCA B Mojaccax Curnan Xux
(rpynna KadoT).

H3BeCTHAKOB C DHKOAATAMA M CTPOMEBTOAUTAMA, MOZCTUIANMMAMM
9TM KBApmUTH B AHTM-ATIAace, 70 C4X Nop He o0HApymeHo B Hep~
QayEAMB ELS .

Zoken6puit N1 (wm I-T)
Hikakux oQM0JIMTOB, 4 MMEHHO CEDIGHTHHUTOB HWIAM CONY TCTBYDMUX
“M O0pOZ B 8HTH-8TAACCKUX ByaasepHzax He OnJo BCTPEYeHD B ABaio-
He. Ho MW yBMZMM HMX@, YTO A8JbU6 HA 38MaJ CyNLECTBYOT DANAKHBM
OpuGIABUTEAEHD 3TOr0 BO3PacTa, KOTOPHX B CBOD QuUepeAs HET B AH-
TE-ATHace.

JIoxemépuit I (apxeit)

MoXHD NpeZNONOXMTH, YTO I'DAHATH M MyCKOBUT, HaiijeHHHe [amesukoM

( Pepezik, 1973) B necusHMKax rpynns Kacor (ABazoHCKERA 30—
H3), NPOMCXOAAT W3 MOPOX TUNa ZokeMépus I AHTM-ATIacCA, HANPUMED
M3 CIDAAHHX CIAHLNEB C rpaHaTOM B 36HAT9 (LOHTPAIBHHI AHTH-
Arnac). OyeHb BOBMOKHO, YT0 TAKWE MOPOZAH CyWECTBYWT Ha I'patj-
Babke HepjayHzneHpa BOAMBH KBAPUATOE, OMACAHHHX BHUE.

JloxeMGpHit LeHTpaJbHOM M sanazHoii yacrelt HembayHZdeHZa

Ozus 43 BaC (K.A.ll.) zomyckaer, Yro rpaHATH panakuBM, BCTPE YeHHHS
B rHeiicoBoM Kouniexce BoHamucTa Delt, HA BOoCTOYHOM Kpap LEHE-
paasHo#t 30HH HewdayHpacHaa, 9KBUBANGHTHHW M, BeDOATHO, CHHXDOH-
HH panakuBy BaaTuicKore mara, dTo (MHCKME DENAKUBM TOTCKOrD
B03pacTa, T.6OOCTTEKTOHMYECKHAE N0 OTHOUGHMD K CKISZYaTOMYy NOACY
Crexo-PeHHO-Kapetug.

Xora B MapoKKo panakuBM He HaieHH, Byassepuan AHTU~ATIaca
(zoxemépuit ") KoppeaupyoTca ¢ HapeiuZamu BaiaTHACKOrD mUTA,

Mo He GyJeM onucHBATH 'AaHAEpPCKyD rpynmy, TaK KaKk @e crparTu-
rpafuyecKoe NnonoxeHke eme He ACHO,
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Uro ze KacaeTcs Quep-je-IuCOBORl CepMM BaNAZHOTO KpPaf LEHTPaNB-
HOfl wACTA, MORHO AyM&TH, 9YT0 0H8 OTHOCHTCA LEAMKOM (MIM YaCTHU-
HO) K 90KeMOpHD (BeHAY?) M mOSTOMy MOIIE OH KODPEJAMPOBATECA C
cepusaMu. Ay iy 3 AHTH-ATnace. Ho ganuu aToro D0KEMODHA CoBEpLEH-
HO Apyrwe, Hanmpumep, THUINMTOBHe KOHIJIOMEDAaTH, ONMCEHHHE B Ce-
puM Quep-ze-Juc YpueMm, MoryT GHTH 0THeCOHH K DOKOMGDUACKOMY
(BeHACKOMY) 0Z6Z6HGHAW (MH BAAENM BHEE, YTO THAIMTH He CymecT™
ByOT B BMHHO-KpDaCHO# CepuM AHTu-ATiaca).

HakoHenm, KpucTaJaMuecKMe mopogd TENa I'peHBANA 3amamHOl
yacTH HeppayHadeHza ZOIXKHEH GHTH NpUOAXBMTEAEHD TOr0 X6 BospacTa,
gTo zjokeMopuit I (apxeit) Mapokxo. Ho aTo 00ASHB&E6T CWTATH I'PEH—
suapcKull Bospact (I000 MAH, XA6T) K&K PesyAbTaT NONHOTO DAaZMOMET-
pPMYECKOT0 OMONONEHMA BTHX NopoZ (&8 He KaK BOBPacT SM0XM TEKTO-
HAYECKOTD CKIAZAK000DA30BAHAA).

Iy. UHTEPNPETALMA I'EOXPOHOJIOTMYECKUX PE3Y IHTATOB

B JIOKEMBPMUA MOBHJBHHX 30H

[pMHEUANH p&aAMOME TPAYECKOT0 OMOJORS HUA
HauM TeoJ0rMYeCKMe MCCAeZ0BAHMA B ABajoHe M B AHTM-ATIace zo-
KashBapT, YTO0 MHOI'ME DEAMOMETDMYOCKME J@HHHE, 0NyOAMKOBaHHHE
A0 CHUX Nmop, BOBCEe HE COOTBETCTBYNT HACTOANEMy BOBPACTY TOPHHX
nopoa. Ha camom zelle Th (olee MAM MOHEE CHABHO OMOJIOZEHHHE
BOBPACTH OTHOCATCA K SM0XSM OMOJOXEHWA., IT0 0COOEHHOD Xapakrep-
HO ZJA IOPHHX Nopoj, NOZBEPTHYTHX HECKOJBKMM 0POI@HEBHCEM,
4 KacaeTCA HO TOJABKO 2(dysuUBHHX NOpoz, HO M NAyTOHHYBCKUX, TH-
na TPAEMTOMA0B, AAA KOTODHX Te0XPOHOIOTM ZOTMATHYOCKM 0THEpP-
rapT BOSMOXHOCTH MATDANUM DAZMOTERKYECKMX BAOMEHToB (faxe mnpu
OTEDHTHX CHUCTOMEX).

Jiboe M@ Hac yxe NMCAAM 00 STHX OMOJIOESHMAX (Choubert, Faure-
Muret, 1972, 1975),109TOMy MH 37eCPH OrPAHHTMMCH HECKOIBRAME
darravm, Kacammmmucs AHTA-ATiaca m Heodayumrenma.

I. OmMONOXEHHE rOpHHX MOpON GHAO OYeHEH MHTEHCHBHO B MOMEHT MHA—
UAaneHOi dasH pasmeNeHNA KOHTAHEHTOB, T.e. 0CDPa30BAHAA NEPBOTO
8TIRHTUIECKOrO Daneopudra, Jra (dasa TePMUHANEHOIO 70KEMOpUA -
HUEHOr0 Naneosod HasuBaercd [laHaQpuKaHCKo#l (T6DMOTEKTOHNYECKM
nasagpurasckut snusoez KemHeanu).

Z.. OMONOXeHNE TOPHHX NOPON MPOHMCXOLAT BIOAB IVIABHHX TEKTOHA-
Yeckux meoB (Hampamep, LNaBHHI pasioM AnTn-ATnsca).
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3.0M0Ji0®eHME TOPHHX HOPOXN CBAS&HO C IVIABHEMA OpDOT'e HAYECKMUMH

NapoOKCHSMAMHM M MNPOMCXOAMT B B0HAX MeTaMopusMa M TOKTOHMBC-
Eoldl zodopuanud. OHO MPoOMCXOZMA0 BO BPEMA Kaxaoro 0poreHesuca zo-
KeMOpHA, oporeHesuca Annazayelf ¢ ero rIaBHHMM (asaMd, 0poreHssuca
TePOUHCKOTD ¥ T.Z.

l'1aBHag NpHYAEA OMOIOEEHMN, Mo BCOJ BUAUMOCTA, TeOIOBAA: T€p-
MHYSCKHE [0TOKM BZOAL DAagoMOB, TEDMMUOCKA® DeTrMOHaIbHWe GpoH-
TH M T.A. DT0 HATPEBAHMO ZOCTUIaeT WHTEHCHMBHOCTM METaMopyHyeCKAX
B muafTODHTAYOCKEX ARNeHmi, B B0Hax, MojBEPXEHEHX TAKOMy TEp-
MHYBCKOMy BOBZEHCTBMD, MB0XPOHH Rb/Sr ZADT MMEHHD 6ro BOBDacCT.
OTo, KOHeUHD, HO IMuWeHO MHTEpeca, HO YToGH NPUOAMBMTECA K Bospac-
Ty 00pas0BAHMA TOPHHX NOPOZ, BAZA0 PABHCKMBATE DEJIMKTOBHE,
NyHKTySQJBHHe BOBP4CTH, lePECUWITHBAA 0TA6JBHO BCE MSMEpeHWUA, COBD=
KyOHOCTH KOTOPHX Zaza MeexpoHy. TakMe POJAUKT0BHE BO3PacTH 0OHKHO-
BOHHO H6 0Y6Hh TOYHH, HO OHM NPUCIMEANTCA K HACTOANEMY BOs-
pacty nopoz.

I'naBHag rapaiTud OPABOEBOCTE IE0XPOHOJOTMYECKUX DE8YJIABTATOB
B JAHHOM o0ZAacTH - BST0 yBK06 COBNAZEHAE I'6 0IOIrUYECKMX M regxpo-
HOJOTH YOCKUX BOBPacToB.

Kpatkue A@HHHE 0 pPaZMOMETDM YWCKHUX BOBPECTAX AUKeMOpHit-
CRUX TOpPHHX mopoz AHTM~ATHACA
BospacTd cepuit Yexmm

I, UsBecTHD, 9T0D FPAHMOA HHEHOTOD M CpejHeID KeMODMA ZaTHDy-
eTcA B 550 miH, ZeT.

2. M8BeCTHO TEEKE6, UTO HMXHM# KeMOpMd HawHaercs ¢ 570-

600 mas, meT; 600 MIE. ZeT CO0TBETCTBY6T BepXHe# rpaHHne BeE-
28 .

3. KoHey »peHjckero (sexeMOpHilCKOre) oXezeHeHMs - 620 MAH, A6T,

4, Havaxe BOHACKOID 0XeZ6HeHMA — 650 MIH, JeT,

5. JlomoMHTH HUXEOTD AZyZy Ouiad Z@THPOB&HH A.[psuHoBCKMM
(BopuGyprokult yHUBEPCHTET), MEy WBEMM MX AMAHOKMCHOTH (MBYy I8H—
HHE MM 06paspH Co6paHH B BepXHe# wacTH aTol cepmﬂ, B 700~
800 mmH., NET.

6. ByaxasMTH HUXHOH WBCTHM STHX Z0IOMMTOB A8NT OGHKHOBEHED
TePUMHCKYD MBOXPOHY, HO DAcCYMTHBAS BCO MBMEDOHMA 0TAGABHD, Hal-
I¥ OAME DPONMRTOBHI BoBPaCT (NPU HHALMAABHOM DTHOmEHUM

Sr/" Sr = 0,709) Ha TpaxiTe - 927 MIH, nI8T.

7. Kpome Tore, Cepup HAUXHEro AZyJAy Bcerz8 CpPaBHMBAJM C
AoTHaauToBOM cepHelt Gaccedlra TayzeEM, B KoTopoil H.Kaeyep
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(Clauer, 1973) Ooay WA pAJl BOBPECTOB, M3 KOTOPHX

caMuit zpeBHMld - 964 MAH, NOT - OHA NoNyWH W8 TAWHUCTOH
dparumn (00 Rb/Sr) Cll06B, 38M6IrANNMX HEMHQTO BhHEe HoZom-
BH 9ToO#t cepuM. 9Ta nudpa He 0YEHE AAJGKAE 0T DEAMKTOBOr0 BOS-
pacta, MoXyYeHHOTD HA TpaxuTe AZyAy BocTouHo# Eas IpapH.

8. OfdysHBH z0KeMOpHa. [l ZaDT MCKADYMTENEHO OMOJDREHHHE
B08pACTH: 8) nmaHEedpuraECEMe - 580 $20 MaH, ZeT (Kpusas
KoHEKopZMA N0 nuMpKoHaM, OOXy4YeHHas B nadoparopuu K.X.Aanerpa

5 1974 r.); 6) KanemoHCRMe - 4II muu. Zer (Msoxpoma Rb/Sr,
Nony 9eEHasg B PadaTcKoil IAGOpDATOPHE); TepUHMHCEMe - 324 MIH,
ZeT (W30XpoBA Eb/Sr,KOTOpad NOAYIEHA B JadopaTopdu
K.E.Anmerpa B 1974 r.). Ha camom ele 3TH ByAKaHMTH 8816TENT
Ha 3posuiiEei! nDoBepXHOCTH C BospacToM npmémisurenbHo I000
MIH, Z6T,.

Kpowe TOro, MOXHD NpeANOA0EMTH, 9T0 DTM BYIKAHWYeCKHE M
MOZBCCOBHE TOImMM 06pAS0BAIMCH CDABHHTOJNEHOD GHCTPO - B TedUe-
gue 50 uau I00 maH. zer. TakuM oGpasoM, UX BPBSpPACT MOEET
Ours onpezeneE B 950-I000 MiH. 7AeT.

Tak RAK 70 TOPUMHCKMX 7BUEeHM{t BCO STH COpDUM 0CTAaBAMACH
TOpPUBDHTAAEHEMM M HE MeTAMODJMYECKMMHA, BTE BOBPACTHAA WKaIE
(x0Tq eme MecTAMK HEAOCTATOYHD TOYHAH) 0TPAXAET HACTOAWLME
BOBPACTH BCOX BTHX cepuil. SHawT, MOXHO S8KJIDYMTEH, UYTO BCE
neze6Ese uudpu (Ze 3 I000 MuE. #8T), MoJy WS EHNE o DOPOJA&M Ao~
KOMODHMICKMX CKIASZ YETHX CHCTOM, 0TDAXENT JMNE OMOIOXEHEHE BOB-
pacTH. ; )

Jiokeuc pu it n® (uam [i-0), MaporaHMzH
PaznoMeTPHUBCKME MBMEDEHMA OHIM CAENAHH Ne PHOIMTEM M OO Tpa-
HATAM. PHONMTH BCErZS JANT OMOJOKOHHEHEe B0SpacTH (Rb/Sr H K/Ar)
0T NeHAQPUEAHCKMX 70 IepuUHCKUX, CyOByIEAHAYECKME TPAHATH
(TEna kMcmoro TafipayTCKore IPAHATA) OMONOXEHHN TAK X8, KK M
ByIKaHMTH, Hanpuwmep, TafpayTCcKuit FpaHEMT Zal MBOXPOHY Rb/Sr
B 550 $ IS5 mae, Zer ( Charlot, 1975).

OporeH¥ wCKHO TPEHATH 80T NPUOANBMTONBED Ty X6 CTONEHH OMO-
IoxeHdf, B PadaTcKeil n1aCopaTopul OHAM N0Jy9eHH N0 IPaHATAM
Cupya u AckayHa zBe MBOXPOHH: B 679 4 34 MIH., Jer no Goxee
HIX MeHEe OCHOBHHM T'DAHATAM ¥ B 586 4 35 miH. Z6T 0o MX KECIHM
pasHOBUAEOCTAM, OZEAK0 WHOLZA MOXHO HS8HTM B STHX TpPaHETaX TAKEe
# peNMKTOBHe BoBpacTH, Gaumskde X IO00 maH, xer., Ha 40 empezemm-
HEQ MH HemiM 4 TAEAX Bespacra (T.e. I0%): 947 ¢ 50, 950 % 50,
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I0I8 # I3 u I2I4 4 I00 maH. neT (rpamaT Mz-y-dinyBa Ha Banaze
or Cupya u rpauur Taczpewra Ha BocToke 0T Cupya). Kpowe rore,
TpPAHMT Ysennapa B BuCoKoMm ATiaace zan B zadoparopun K.X.Axnerpa
(I975 r.) 4 onpezenenus Rb/Sr B I000 Mas. xeT (yCTHO® CoOO-
meHMe Alserpa) “ OMOJNOXOHHHe KpuBHe KomKopaus B 6I0 + IS u
580 + I2 unH. ZeT (8TOT DOCHeZHMH BOBPECT No/yYeH HA PO3OBOM
NeIoyHoM I'paHuTe).

[lo HaweMy MHGHHD, 3TH 8 DeAMKTOBHX LU(Qp, AGDEHe BOSPACTH,
gauseue K I000 MiH. JIeT, XapaKTepUayNT BOBpacT MaporaHMZ C Ao-
craroyHO# BEpoATHOCTHD,TeM G0JA6e YT 00mAA BPOBMOHHAR MOBEpX~-
HocThs B 4 I000 MaH. meT uX ypaBHMBAET,

Yrp ®%e KacaeTCa STHUX B8aMe W TONBHHX MBO0XDOH M ZAX6 KDUBHX
KoEKopzKsA, OHE BCe ZADT OMOJNOXOHHH® BOBPACTH H AA&THDY DT BNOXH
OMOD I0X8 HIf ,

Tlokeuopu#t %, AETHETIABHIH
Oo H.H.Kpuanomy (I975), dnc:panrgeﬁmacnﬁ B0BpacT WSBOCTHAKOS,
NOZCTHIADMUX KBAPOUTH ZoKeMOpusa [, GmusoEk K I600-I650 MmaH.
neT. ST0 BOBPACT CTPOMATOJMTE Gaiairkuskanica Erylov,
EOTODH HAXOZAT B 9THX MBBECTHARAX. (OH yKAsHBaeT BO3pacT Ha®-
78 0CAAKOHAKONIGHUA BTOH CHCTEOMH.

C zpyroit cropoEd, B za0oparTopdd A.U.TyrapaHoBa NoXy WAAM o0
TOM X6 MBBECTHAKAM [0 METOXy OPOCTOrD CBMHNE BospacT I400 M.
ner (ycTHoe cooOmeHMe)., DTa nudpa 0THOCHTCA K MeTaMODHUsMy
AETHETIABHZ H K ODOTOHOSHCYy BTOr'0 CKIBZYBTOTO mofca,

[o Zpyr¥M MeTOZ&M NOIyWBDTCA 0YBHb CUIBHO OMOJDNEHHHE BOS~-
pacrtd, Hanpumep, 602 MasE. zer - npudpa, nody ®EEAA KiayepeM HA
TIMHEACTON QpaKLMR cHAHLNeB BepxHe{l yacTu 5ToM cUCTeOMH 2oKeMG-
pus [ (Exs Buefiza, B BocTouHelf wacte Exs I'papu).(Sra nudpa
Zasa B I974 r. B Tesuce M.JleGraHa, KoTOpHR OpHuWeX K SaKIDYSHUD
9 DaHAQPMEABCKOM BOSPACTe OfU0IMTOR Byassepuy.)

Jlogemepui l]I (uau I-N), Eyassepuzu
Bospacr Byassepuj JONTO OCTABANCH HOONDENGJNEHHHM, TAR KAk B
oTolt ckaazwaTo! 80HO IPEHMTH DPOZKM M OCHKHOBOHHO CHMABHO HMBME=
HOHH, 8 ofMoauTH (WX aMduCoiH) ASOT OMOJOXeHHHE BespacT. Ho
0K888X0CH, YTO HOKOTODHO MHTDYSMBHHO IDAHMTH, DAa8sBUTHO HE DIre,
B npejeiax 8jpMEaHCEOrY KEpPATOHA, OTHOCHTCA K 0DPOreHesHCy
Eyassepug. ix mespact I920-I1950 waH, xer (rpaEmr Taxaza eKoao
Tagpayra = Charlot, 1973). HEerpa oHM HOMEHOr® ONOIONO HH
B pesyasTare Amadropesa. Taxess, HanpHmMep, edxorpanuTH TasEax?Ta
C HX 4BOXDPOHOR Rb/Sr B I745 maE, XOT, TOTZA KEK HX NEI-

153



METHTH Z@PT 00 K/Ar Ao 1830 mai. neT (Charlot et al,, 1970).
Ha ocHoBaHMM STHX JAHHHX MH CuMTAeM, 4YTp Byassepuzn A0JIKHH
conocraBiAThcA ¢ Hapeauzaunm.

JloxemOpuit I (apxeit), BepGepuzs

B Kepaycckom MaccuBe (sanapzHuil AHTH-ATIAc) BOBPECT 8pX6UCKAX
TPaHMTOB ¥ MUTMETHTOB ONPEZSA6H UYSTHPEMA DENMKTOBLHMHM Bo3pacTa-
MM, Op¥H M3 BMX - Ha ceBepe, OKDJO KBAPUUTOBOTO Maccusa JKCT
(oxono GpoZa uepes Yen Auapyc), AB& - mo jopore Ha TacpupT @
ozuH - B Tasepyanpre: 2630 MaH, e (merMaTUTOBas [POCAORKE
B rpaiuTe Amapyca), 2445 wmad. ner (Tacpupr) ¥ 2545 4 500 MmaE.
ne? (TasepyanbT). OHEKO M30XPOHH 8THX TPAHMTOB ASWT BCETZE OMO-
ZI0X6 HHHE B03PaCTH: rpaHMT AHHaMepa - I9IB maH. zner, Tasepyais-
ra - 1920 maH, ner, Tacpupra - 1628 4 II5 MaH, ZeT M TOT X6
TpaHuT Yena AMapyc, MaccuB KoTopor'o uMeeT Bcero 500 M B
avameTpe, - 1900, I16I0, I450 u zaxe 900 mas. mer (Charlct- et al.,
1970;Charlot, 1974). B BeHare (B neHTpanpHoM AHTH-ATIACE) Ipa-
HAT AsreMepsu Golzee CTOMKHH, ero WBOXPOHH Z8wT Bcerza 1850
MIH, 76T,

9TH apxejiCKMEe TDAHATH 0YeHP MHTEHCUBHO AMAQTOPUDOBAHH - B
Kepayce zuapTopes sNU3oHANLHHH, 8 B BeHATEe — ME30BO0HEANBHHiL.
BhmenpuBeZieHHHE BOBPACTH JaTMPYyNT KaK pas Ty (uau aTH) (asy
auafiropesa. OTH BospacTH TOro Ee NopAZKa, 49T0 M BospacT Hejda-
(TOpUMPOBEHHHX MHTDY8uBHMX rpaHuToB (Taxaz, TasHAXT W Tl.),
npuHazneramux K ByassepuzaM. SHAYAT, MOXHO OHTH yBEDEHHHM,
YrQ 9T0 KATacTPofMYECKOO® OMOJDE@HME apPXeHCKMX IDAHMTOB CBA3AHD
¢ OyassepuzcKMM ueTaMopdusuoM. MH NpUGEBUM , YT0 TEK0E XE ABJIE—
HWe xapakTepusyer Caxapckuil perucarTckuit mur. Bce mopogu TaM
Z80T B03pacTH oKoJjs 2000 miH., 76T, M apxeHoKMe BO3PACTH OHIM
noay YeEH T0ABK0 Ha neruarurax (Tacauct, Cran Armaf M T.7.)
(Choubert, Faure-Muret, 1971).

SaraIn4YeHUe
B coKpaupHHOM BAAG MOEKHO POBOMMDOBATE I'6 0XPOHOIOTKYECKYD MCTO-
pup AETH-ATISCA ClezyDmMUM 06pasOM.
Yexon (opuuponazca 0T I000 zo0 500 MIH. 78T M MOBAHEE; 3po=
BUOHHAH N0BEPXEOCTH, 06pasoBaBwascA Ao Zoxemopus I (M Zo go-
IONMTOB AZyAy), MMeeT Bospact npuGaMsuTensHo 3 I000 waH. aeT.
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O6pasosanue Mapokasuz 4 MX rpamutTusands - 4 1000 MaH, 76T,
(OOpa 30BaHHe AHTHaTIABMJ - OPUGIAMBHTEIBHOD 1400 mas. ner.

Hava 10 oCajiKOHAKOMAeHMA AHTMATIABMA - I1600-1I650 MiH,eT.
' (6GpasosaHde Byassepuz M TpaHKTMBaLNA - 1950-2000 MaH. J6T.
.~ OMoNoxeHMe TpaEdToB BepGepup - 1650-1950 MaH. Znet.
O6pasopaEMe BepOepuz ¥ MX TPaHMTMBAIMA - - 2650 MIH, JeT,

Bce ocraasHHe yudpH, noiyvyeHHEHe PaGaTcKoffi M ApyraME mado-
paTopusAMM, OTHOCATCA K OMOJOXSHHHM BOBPacTaM M ZaTHpyRT fe-
HOM@HH Harpesa, NPoMSBOAAMEr0 9T0 OMOJOXEHAe, [lAA dexJa 9T0
(fasu Harpesa, npoucmezume nociae I000 maH. xeT. Takme nudpu
NoJy 98NTCA YAWE BCEro Mo OmopozaM AoKeMOpus I ¥ Z0KeMOpua l'la.
Ho Ka®zas M8 MOCASZ0BATEJBHHX TODHHX [6Neji OMOJEXMBAJE YaCcTH %
. HO BCe MNpejuiym{e MopoAH. TaKoe JApeBHEe OMOIOKEHME CHJIBHeE BCE-
. I'0 NpofBAANOCH BO BPEMA oporeHesuca byassepnz, Hanpuuep B 3e-
1 HAre, rae auadropes aTOr0 LUKIA MEB0B0HALBHHE W IjJe HE COXPaHM-

JOCH HM OZHOr0 pel+KToBOrQ Bo3pacra,

Pesy/ABTaTH PajiMOMETPUUECKOT0 MsyueHEA HebjayHzmeHia

ABaIOEKZE 6ue CPABHATBNBHO CJAa60 MBYUYEHH PajiiOMeTDM I6CKuMM
MeToZaMA. MMeeTcA BCe ®6 HECKONBKO O0MNpezelleHMii BospacTa MOpoj
HuxHero kouniexca.

BynkaruTe rpynnd XapOyp Meli jaau sospacr 568 t 29 muH, ner,
Qopuauuu Bome ApM - 494 4 30 mau, ner ( Fairbairn et.al., 1966).
06e sTH npupu npexcTas.AlT coGolf oMoJoxeHHHE BO3DACTH, TaK Kak
BCO 9TH BYJAKAHHTH ZpeBHOE HUXHOTD KeMOpUsA.

AHZilepCOH npe ANON0XUI AJA BYJKAHWTOB XapOyp MelAH MHTepBan Bpe-
MeHH B TI5-795 MaH. zZeT. OH OCHOBHBAJCA HE CaMHX JZpe@BHUX BOBpac-
TaX, N0JyYeHHHX no ByaxaHutam Koaspopykea Ha wre HepGpyHCBMKE, -

795 + 80 maH. 16T ( Cormier, 1967). STM ByJKAHMTH, BEPOAT-
HO, 9KBMBAIOHTHH rpynne Xap6yp MenH.
Hzoxposa “OAr/”Ar (eme He onmyGaXKOBAHHAR), HOJyWHHER

HA (eHOKpuCTAJNe NJATHOK]A&3a B pUoauToBOl paike wmbca CB.Qpancuca,
Zana BospacT 794 + IS MIH.zjeT. 9Ta galika mpopHBaeT nopoZH BepxHeEl
waoTH HHxHero KoMmoJaexca.

Ho ofMH W3 6a38/5TOB XOJMDyA8 A8N TeM X6 MELOAOM aHoMaJ/bHO
HusKia@l BospacT - 350-400 miaH. aeT (ll.PeitHodpc, ycTHoe Co0OMEBMS,

1975'1.).
Yrp KacaeTCH IDAHMTOB, TO XO0JMPYyACKH# rparuT (BocTouHas 48CTH)
Zan MsoxXpoHy Rb/Sr B 607 + II MaH. 76T ( Prith, Poole, 1972;
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9T0 nepecuaTaHEN aHamus, paHEHH yxe 3 I966 r. Mak Kaprreem c
COABTOPAMM) .

[oxoxMe B0SpacTH OHAM MoAydYeHW H& CBMHNE OQUDKOHOE TOI'D %6
TpaEMTA § /2 - 583 wuH, JeT, Pb/axu - 583 MIH.
ez, 2°7pb/2%py - 611 \um. ner (P.K.Bagmecc, yorEoe
coobmerue, I975 r.g.

lisoxpoEa Ar/“Ar, [oly YeHHas N0 OASTHOKJIASY TpaHM-
T8 X0AMpyA, AAI8 589 ¢ 6 muH, xeT., Ho OHIM nNoXayusHH TAKEe Bospac-
TH Gonee ApeBHme: 600~650 ¥ zaxe 900 maH. ner. (I.PeltEexzc,
ycrHoe coobmeHue, I975 r.).

Tpauur Ceudr-KepenT, mpopusapmuit ByAKaEMwecKyD rpynny Jles
KoB (sanmazsas soHa ABanoHCKe#l ofmacrTH), a8l HegasHe 5I0 ¢ 20
MIH, 6T N0 M6TOZY Rb/Sr (K.Beax, ycTHoe cooGmeHMS,
I1975:1.).

Bce pesynpTaTH, N0My4YeHHHe B ABAJNODHCKOM 80HO, AOIRKHH CUATE-
THCA OMOJOXOHHHMM 0ZHMM M3 N8JN60BOHCKHX 0pPOIeHE3MCOB, KO0TODHS
ZedopMHpOBaIE BOCTOWHYD 30Hy HinjayHzlenzs B CBas¥ C ATIRHTHYEC—
KMMH naneopuframu.

Toxasko oudpa.900 MAH. 76T MOrd8 Ou OpUOAMBATECA K MCTHHG,

HO €e 8BTOp CUMTaeT 86 COMHATONBHOMH.

OcHoBWBAACH HA MapOKKAHCKO WKame BO3PacTOB, MH NpeziaraeM
CHeZyOUyD PAGOYYD I'MOOTE3Y.

I. HecuoTps HA CPABHATONBHO MONOZHBE DAZMOMETDM UBCKHe Bos-
pacty, HuxHEU{l KoMOoJeKC ABaJoHCKo# 80HH CTpaTMrpadu weckd cooT-
BOTCTBY6T ZOKEMOPUD 1'13 AnTu-ATNACAa W, BHaWMT, 06DA30BANCHA B HE-
Tepsane BpemeHd oT I400 zo I000 maH., JeT. 3Ta ONEHKE QTHOCHTCH
T8KX8 K JaTHPOBKe THAJIMTOB, FOPMBOHT KOTOPHX HAXOZAMTCA B Cepepu-
He HuEHEIrD KOMOIGKCA, W MCKONA6MHX MATKoTelhHHX MeTasoa, HaltzsH-
HHX B BePXHell WGCTM TOT0 X6 KOMNIAeKCE (Tpenaceit Beit, Mucrages
[loftET).

HeoOxozMMo NpPeANpPMEATS OOWCKM DEIMKTOBHX BOBPAacTOB, YTOOH
HaJ/TH NOATBEDXZ@HHe 3TOH IMIOTESH.

2o CpeiEM# KOMIOJGKC, COOTBETCTBYOmME ZoxeMGpHED Il AHTH-AT-
naca, ZolxeH OWTH He Modoxe 900 uiH, neT, ABAalNQHCESA CKIaj @~
TOCTH, SKBUBaIGHTHAA MapoxaEuzaM AHTM-ATIaCa, HO Tropasjo MeHes
WHTEHCHBHAfA, CO®TBETCTByeT rpanune HuxEers ¥ CpejHers KoumuEeE-
CcoB. HpacHHe 0TZON6HMH M0JIaCCOBOr'0 TANA 0KABAAMCE GH TOIZAS CBs—
SaHHHMA C 9TOR CKIaZAYSTOCTEO,M MX KIGCTUYECKMA MaTepuaa o6pase-
Balca OH B CBEASM C DABPYWEHMOM ABANOHMZ.
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3. Opsaxo TaKk K&K HM BEPXHero, HM HUKHeTOo Aayzy B HiodayHzme H-
@ HeT, HANO OPeNNOIOEATE, 9TO NEPEPHB MRy Cpenmum n Bepxzum
xomnzexcamy zaunes or 900 zo 600 MiH, 78T (ram, rze PaHjoMCKan
fepuainis cymecTsyer) ¥ zo 570 miH, ner (TaM, IZe EMXEMR KeMOpHil
shieraer NpAMO HA npereposokckoM ¢yHEzsMeHte). Ho TaK KAk oOmenpu-
HATO ZAyMaTs, 4T0 CpeziEMil U BepXHM}! EKOMIONeKCH He O0T/E€JEHH 0CO6EH-
HO ZJMMHHHM MepepuBOM (X0TA OH B HeHTpanbHo#t 3oHe ApanoHa), ara
HOBAA KOpPeNALMA Z0AXHE OHTH CHOBA CepHeBHO NPOBEpeHA.

Ha ocHoBGHMM reoXpPOHOLOTMYECKAX ONpejencHMil ABaiDHCKEA CepUR
0HIa OTHeCeHA K XAjpWEMD, HO CpaBHeHMe ee HUXHero KoMniexca ¢
zokencpuen [° (MapoxaHMpH) AHTU-ATIaca B4CT4BJAAET OTHOCUTE €€ K
HeoxeauEMn, OzBa JMme rpynna Mozacc Kador ocraeTcs XaZDUMHCKODMN.

lisygwerue crpomaToxuToBod Guopn HemwGpyHceuxa T'ofumaHoM (I974 r.),
BE POATHD, GUecTpaTMrpaduyeCcKM NOATBEPAMT 5Ty PacoyyD IUIOTEsY.

He ecau, UMes B BUAY, 7ro PaszoMcKag Qopuanus BXOZUT TOHEDB
B COCT8P HHXHOTIO0 KemMOGpua, JONyCTHTH, YTO MW OmMO3EMCsH, MOEHO OO-
npodoBars HafTH APyryD DHOOTETWYECKYD KOpPPOIALMD:

I)uonaccd Curnan Xux (KaGor) ocTanw?cH BEDXHMM ZOKOMGpUeM [ u,

MOEST OHTH, HMUXHOW 4YBCTED AZyZyHMA;

2) HAmEAY KOMOJGKC KOpPPeIUPYyeTCA CO CPeZHMM ¥ HAXEMM JIOKEMO-

puem [,

lIpu rako#t runorese lMerasoa MucrakeH [loiHT, & TaKKe THIIMTH
OyAyT moxoxe IO0Q MaH. mer. Ho saTo BCe xapakrepHee Qauuu - "Bap-
BUTH", CHIGKCHTH, UBPTH, IPayBAKKM W T.Z4. - CyZyT AMAXDOHHHMY
C ZByX CTOpPOH ATIBHTHYeCKOT® OKeaEa: Monoxe I000 miH. JeT B Heo-
fayEameHze M zpesHee 1000 MaH, Jer B AHTH-ATHNace. B Takom ciy-
Yae HAaZ0 0TKABATHCA BOOOWE 0T BCEX NONNHTOK KoppelAnud HA Goas—
mMX PacCTOARHMAX «

BmarozapHocTH
Ozue us Bac (B.[.B.) GIarojapHT CBOMX KOWIET M 0COGEHHO
K.Jx.0rca (C.J.Hughes) 84 KOHCTDyKTMBHYyD KDUTUKY oToM

cTaThd, 8 Takxe "Natural Research Council of Canada"
84 MaTepHaNBEYD NOMOW® AJNg pacdoT B ABal0HCKO# B0HE,

lisoe zpyrux (.M. ¥ A.Q.M.) BHpaxawT GIAr0Z8pHOCTH (paHIysCEO-
My C.N.R.S, ([lapex), DHECKO ® I.U.G.S. 8a NOJe PEKYy Hamero
npeexra I.G.C.P, :

Mu Taxxe GiarozapuM Axazeuup HayK CCCP M MHHMCTEPCTBO I60IOTHH
CCCP 3a npezpCTaBAGHHYD HAM BOBMOXHOCTH OGBACHATE MyCAMYHO DEsyIb—
TETH HAMMX MCCJAB70BAHUII M 88 WX M3ZaHUe.
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'm0 I.Bepom'ﬂoe PAacHOJIOReHNe KOHTHHEHTAJBHHX MacC IO DacKpHTHA
ATIaHTHYECKOTO OReaHa B Me3030e & Rafmosoe (mo Choubert B.,
1935, puc. 2), HEI - Heodaymnresn; HB - HemOpyHeBux; A - ABanoR-
Ckaf soHa; AA - AHTE-ATIac
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P m c. 2.Cxemarmdecras IreoJoTrmyecRAs Eapra HsndayHnierna
I-2 - BocrodHad TeKTOHO-cTparmrpafmuecras odmacts (I):

I - EemOpuft, 2 - NoReMOpEA; 3-7 - [lerTpaxpHas TERTOHO=CTDATH-
rpajmgecras o6zacts (II): 3 - mameosoft, 4-7 - noxemGpuit: 4 - ras-
Iepcrme cxaHmH, 5 — rHeficH Fonasmera Feff ¥ I'pamNT pamarmBw,
6 - @wep-ue—JmMCOBHEe CJXAHUIH, 7 - “rpeEBmiBCERE" rreficH; 8-I0 - 3a-
OagEasd TeRTOHO-CTparTErpafmuecras obmacrs (IN): 8 - maxeosof,
9 - cxammu ropH Mycrpase, I0 - "rpeHBmIBCEme"™ THeficH. PasjoMH:
PEJl - pasaom Epmurax Fe#t — Jlosep Be#t; PK — pasaom Kador Deft;
Teorpafmaecrne coxpamerma: Xy ~ Xommpyxn, CK - Cempr Keperr, Mr -
MycrpapeTor, @na - damep-nme-Jmc, MM - ropa Mycrpase, KB - Hopmep
Bpyr, HXP - Mmpeftickmit Xenm Pefunx, C-rB - Crefemsmms, Cr - Topa
Creas, EF - Epvmrax Beft ;
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P ¥ c. 3.CxemaTHdeckas IeoJOTMYecKad KapTa ABAJOHCKOTO MOJYOCT—
poza B Heodaymnmerme (mo Briickmer, 1974 a,B, pme. I)
I-4 - norempmft: I - BysxasmTH Xaplyp Mefin, 2 - rpymmu Kon-
cemwer ¥ Komermumr Toftwr, 3 - rpammru Xosmpyn m Cempr Kepenr,
4 - rpyma Kador (monacca); 5-8 - mameosofi: 5 — paHiOMCKHe KBap-
oTH, 6 - HEuxEmit xemGpmit, 7 - OpHOBIR, 8 - IeBOHCKWMe MHTDYSHH.
Teorpafuaeckue coxpamemmsa: KT - KaGorcras Gammsa, M - Maxyeimsc,
IM - Xapdyp Me#m, Xz - Xommpyxm, MP - Mmcraxen Ilofiur, CK - Chmbr
Repenr, IX - Jorr Xap6yp, BX - Bur Xex
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P n c. 4.Crparnrpafuveckuit paspes-mmarpamia uepes ABaJOHCKE mo-
syocrpor (Ges macmrada) (mo Briickner, I974a,B, pmc. I)

ByxBeHHHE OCO3HAYEHMA:

B - Bepxnm## Kommmexc: C - KemOpmii; P - DaHIOMCRAE KBADIATH;

C - Cpemumit gommnexc: Kr - rpymna Kador; X - rpynma XomxeyoTep;
M - rpymna MycrpaBeToH (BepxHAf JacTs);

H - Huxam#t xommnexc: K - rpymma Koncenwed; XM - rpymma Xapdoyp
Meiin; BX - fopmanms bBur Xexm; KI - rpynna Konexrunr [oinT;
BA - fopwmamus Bons Apm; IK - rpymna Mo KoB; Xm - rpaHAT
Xompynm; CK - rpanmt Cdmdr KepenT; T - TWUIMTH
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P a c. S.Metazoa ¥ mMenysa ms BepxHeit wacT® rpymnH KoHCemdeH.
MecTopoxnerme Mucraren llofiuT, mro-pocTouwHuft Geper ABAJOHCKOI'O
noxyocrposa (mo fororpafmam A.&Sop-Mops)
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BB XomMmenBrTonscke#, BDMeBdH IS,
M.C.A & m & B (CCCP)
nos/Heldl ZAOKEMEPHN LEHOTO OBPAMIEHAA CHBMPCKON [JATQOPMH

VVEhomentovsesky V.IuuShent i1, M.S.Y a k-
s hin (USSR)

LATE PRECAMBRIAN OF THE SOUTHERN FRINGE OF THE SIBERTAN
PLATFORM

1+ The correlation of the Precambrian deposits becomes more
and more complicated as their age grows., Therefore we shall
consider Precambrian sections from above downwards, with the
Cambrian base which is palaeontologically determined taken as
a bench mark.

2. One of the oldest complexes of Lower Cambrian fosasils
is a Sunnagin one. To the Sunnagimian horizon we refer lower
parts of Variegated formation of the south-east of the Sibe-
rian platform and the lower parts of the Usolye formation of
the south-west of the platforn.

3. Below the Sunnaginian horizon the Yudoma (Vendian)
complex of deposits (575-600-680+20 m.y.) is recognized, its
stratotype being the Yudoma formation. The Zherba, Tinmnovo
and lower parts of the Nokhtuy formations of the Patom Upland,
the upper Ushakovka subformation, the Eurtun and Ayankan for-
mations of the Baikal region, Moty and Irkutsk formations of
the Sayan foothills, the Ostrowvmoye formation and its analo-
gues of the Yenisey Ridge, lower parts of the Platonovskaya
formation of the Turukhansk uplift can be correlated with the
Yudoma formation, These deposite mark the beginning of a new
cycle of sedimentation and are connected with the Lower Cam-
brian deposits by gradual transitions.

The Yudoma formation contains the complex IV of microphy-
tolites and stromatolites which are used for the distinguishing
of the Yudoma complex beyond the bounds of the stratotypical
locality. However, the actual correlation becomes complicated
because of the scantiness of findings, and endemism of stroma-
tolites and because of the presence of transit forms kmown in
the Riphean and Lower Cambrian among the microphylitolites of
the complex IV. This results in different interpretations of

the volume of the Yudoma complex in the Baikal region, the
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Sayan foothills and the Yenisey Ridge where some investiga-
tors essentially extend it downwards.

The presence of fossils of ediacarian type (in the Yudo-
ma, Eurtun, and Ostrovmoye formations) and algae with non-cal-
careous thaleus (Vendotaenides) in the Kurtun formation is
of a great importance and makes it possible to identify the
Yudoma complex with the Vendian. The upper part of the Yudoma
complex contains isolated remains of skeletal organisms and
calcareous algae.

4, The upper Riphean (1000450 - 680420 m.y.) of the south
of Siberia comprises two subdivisions. The upper one, the
Baikal complex, can be traced in the Patom Upland (the Ealan-
chevo, Shuya, Chenchin formations), in the Baikal region (the
Goloustye, Uluntuy, Kachergat formationa, lower and middle
Ushakovka subformation), in the Sayan-foothills (the Karagass-
ky, Oselochnaya groups) and in the Yenisey Ridge (the Oslyan-
ka, Taseyeva groups in the south, the Chingasan and partially
the Nemchan groups in the north).

The Baikal complex was preceded by an intensive activation
of the tectonic regime dated (850;50 m.y.) on the basis of
radiological determinations from the Posolnensk granites.

The lower part of this subdivision contains the Kalanche-
vo complex of microphytolites and stromatolites of the Baica-
lia, Conophyton and others groups, the upper part contains the
Chenchin complex of microphytolites and stromatolites of the
Minjaria and Inzeria groups.

Some investigators comsider the lower parts of the Baikal
complex as the middle Riphean which contradicts the geologi-
cal data. The foundation of this statement by stromatolites
cannot be accepted because the forms found there are endemic.

In the Utechur-Maya region, the Uy group is referred to
the Baikal complex. This group begins a new cycle of sedimen-
tation and overlays the deposits which are 890 m.y. old.

5. The lower subdivision of the upper Riphean includes
the Malga, Tsipanda, Lakhanda formations in the Utchur-Maya
region, the Linok, Sukhotunguska, Derevnya, Burovaya and Sho-
rikhino formations in the Turukhansk uplift which are younger
than 1000 m.y. In the Yenisey Ridge the deposits from the
bottom of the Eartotchka formatiom to the top of the Dadykta
one correspond to them. In the Patom Upland, the Barakun and
Valyukhta formations subjacent to the Baikal complex and con-
taining transit forms of microphytolites, Vesicularites fle-
xuosus and Osagia tenuilamellata, and & number of endemic
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forms, were conventionally included into this subdivision.

In the upper parts of the Tsipanda, Lakhanda and Derev-
nya formations, alongside with dominating stromatolites of
the Baikalia, Jacutophyton, and Conophyton groups, there are
representatives of the Minjaria, Jurusania, Ingeria, and Gym-
nosolen groups, and, together with the radiological data, this
makes it possible to correlate them with the lower horiszons
of the upper Riphean of the astratotypical section of the
Urals. The microphytolite association of the Derevnya, Lakhan-
da and Dashka formations is rather peculiar. Side by side with
Riphean forms there are microphytolites in them which have
been conaidered earlier typically Yudoman (Vesicularites
bothrydioformis, Volvatella, Ambigolamellatus, Nubecularites
abustus). This fact indicates the necessity of the control of
the data obtained by means of microphytolites by other me-
thods.

6. Pre-upper Riphean deposits of the late Precambrian of
the south of Siberia can be divided into the lower and middle
Riphean only in the Utchur-Maya regicn where there are plenty
of determinations of the absolute age by glauconite. As to
the rest of the territory, we can say that with radiological
and stromatolite determinations being almost absent amd ¥ith
the endimism of the pre-upper Riphean microphytolite associa-
tions we can single out the middle Riphean only conventional-
1y, and in more complete sections (the Patom Upland, the
Yenisey Ridge) we can probably single out the lower Riphean
sediments too.

7. The correlation that has been carried cut is based
on historicsl-geological data and collaborated by radiclogi-
cal and phytolite determinations. The analysis of the pre-
sent state of the problem of radiological dating and the stu-
dy of microphytolites indicate that for the division and cor-
rélation of the Precambrian deposits only complete, multi)le-
convergent results tested by regional geological researches
can be used.

BoXplMe AOCTUXGHAA B 00IACTH W8y WHUA 0PraHii ¥ CKMX 0CTaTKOB UB
NOSAHEZOKENCPUICKHX OTIOROHM CymeCTBOHHD WSMOHAIM Tpa ZMMoHEHE
NoAX0j K UX DACUWIGHOHMD M KoppeiAuuyd. BuecTe C TOM HANA3 MME K-
mEXCA MeTepuaNoB IOKABHEEET, Y0 B2 COBPEMEHHON CTAZUR MBy WEHUA
npéMe BEEM® GHMocTpaTurpaguyecKoro MeToza B JIOKe MGPHY CBABEHD C
CoXbuAMMA TPyAHOCTAMM M ©TO HEJbBA [16PEO0LUEHABATE. W8y yeEME Z0EEMG-
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pUliCKMX MCKOIAGMHX BOJAOPOCH6H N0 CyMeCTBYy TOJABKO OmM6 HAWHAOTCHA,
@ Npd MCNOASB0BAHMM B CTpaTurpague oxemepus @uronwTes (cTpema-
TOAMTOB ¥ MAKDODUMTOIMTOB) MH 0CBHYHO CTAIKMBAGMCA C T6M, W0 BOB-
pacTHN® AMaNa80EH MHOTMX QopM Au60 He ACHH, NMGO CyHMOCTBEHHD WB-
MOHADTCA N0 MePe HaKONJNGEMA MATEDMAJE,

Ha 2ToM ypoBHe paspacoTEM GMOCTDATUrpaduM moSAHETD AOKEMOpUA
MCRIDYATAIBHO BAXGH KOHTPOJS NPeABADUTEIRHNX BHBOJOB ADyTHMH Me-
TOZaMM, CPEZM KOTODHX 0COGOr0 BHHM8HMA B34CIHyXHUBAGT OpPAMER I'60A0-
TMYeCKaA Koppenauua. OCymeCTBHTH €6 yAG6TCA B HpO6NAX WkHAR 0K-
pausy CuOMpcKol niaT@opMH, I'Z@ NPOTHOH, BHAOAHOHHHE NOBAHEZAOREMO-
PUHCKAMA TOAWAMM, NPOTATHBANTCA NOYTH HONPe PHBHOU moxecoll o Arap-
cKoro 7o Yuyypo-Maiickero pailoma,

Ha BocTouHOM (A8HIe pacCMATpHBAGMOTD HoAca, B ¥ gy po-Malickom
nporHGe Paspes NOBAHOr 0 A0DKeMGPAA BEHUAOTCA BAOMCKo# cBurTol, Ha
OCHOBE KOTOPO¥ BHGJ6HO MOXDOI'MOHEIHH0® CHCHPCKO® moApAsAele-

EW® - DAOMCEMA KoMnuaexc, nmd pzomuB (puc, I). OH cecrTouT Hs

ABYX NOZCBAT, CJOEGHHNX MPeMMyNSCTBOHHO ZONOMATAMM M KBEDHEBHME
nec WHMKAMM B OCHDBAHMM (CeMMxaToB M Ap., I970). B Nzoue-Maickor
npora0e 0TIOES HAA DAOMCKOR CBUTH 063 BHAMMOrD HOCOrZACHA 3aXerap?
HA8 TEPPUIOHHHX 0TIOXKOHMAX yHCKoili cepud, a B CTOPOEYy ANJRHECKOrD
mUTa C HOGOABNMM yrJAOBHM HOCOIJACHeM NEPEXONAT HA Bce (o0Iee ZPeR-
HM® 00paBOBAHMA, BONOTH A0 apxeiickoro gyHEzamesnTa. Hmes weTRyD
MCTOPUK 0~T@0JOTUYECKYD TPAHALNY CHHBY, WAOMCEAZ CBMTE OOHWHD CBA-
B8HA NMOCTONOHHHMM OEDEX0ZSMH C OTADEOEWAMM HHXHOIre KeMOpHd, Ha-
YHHE DIMMUCA CYHHATMaCKHMM TopMaoHTOM. CoxpaHsas XapaKTepHHE 9CO0-
GEHHOCTHM CBOGI'0 CTPATOTMOA, DAOMCKHMI KeMOAGKC yBOPOHHO Npoclexi-
BaPTCA Z0 [laToMCHOT® mperuda, rze HEEHfg Y8CTH €r0 BHBOZNTCA H
xopOMHCKYD CcBATY (XOMOHTOBCKHH W Ap., 1972). [lo 78 HHEM ME@IOWMC=
JNeHHHX CKBAXMBE XODOMHCEKAA CBHTA AOCTATOUHO DOPE6N6HHD COHOCTAR-
nA6TCH C MOTCKOM B UpKyTCKOM amjurearpe ¥ B [lpucaaHse (pHC. 2).

lpocnexuBaHNG HUXHO{ TrpaEMUH OAOMCEOTD KOMONEKCA OO IpOC T
paEMD 0T [JlaToMCKOro nporuda v8pes 0CHOBAHME BepXHeymaxKoBcKol noa-
CBUTH [[puCaiiKanbs HA OCHOBAHMG MOTCKOd CBATH [IpHCAAHBA JA6T CXo-
AAmMecs pesyasTardH (XoMeHTOBCRMU M ap., I972). Ha Exuceiicken
KpAXe T4 IpaHUNa OPOBOAMTCA N0 OCHOBAHAD 0CTPOBHEH CBHTH, HCX0-
AR W8 o0meNpHBsHAEHOH Koppelanun ee MoTcKell (ycrs-raryasckol)
cauroit Npucasips (AEaToAEEBA U AP., 1966). Ha cesepe EnuceiicKero

KpAxXa aHaJoroM Och_OBHOﬂ CBHTH ABIAETCA BODXHAR TOImA HOMUSHCKO

cepuM.
Takum 00pasoM, BHAGDEAHHHE no CocTEBy M MOMHOCTAM DZOMCRHH
KOMOZEKC pacOopocTpaHAeTCA A8leK0 88 Npezels pupeiCKHX OKpaMEHHX
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nperuden, odpasys ocHoBaHMe QaHeposoiicKoro nIATHOPMERHOI0 W XJA
(Xome EToBCKMR, I974). KapGoHaTHHE L0DOZH DAOMEA OCMABHD O0XApPAKTE-
pusoBAHEN (QuTonMTaMM, KZOMCKMO CTDOMETONMTH 06paByRT choenudi I6CKyD
acconMandp, Ho KO0AMYOCTBO MHPOKQ PACOPOCTpaHEHHHX (opM, MMEDMUX
KOppelAnMoHH00 8HAYeHME, B Helt orpaHiyeHH0e: Boxonia allahjunica
Eom. et Semikh., B. grumulosa Eom,, Colleniella singularis Eom.,
Paniscollenia emergens Kom. (CemuxarTos @ Xp., 1970; Kopomok,
CmzopoBs, 1969; XomenToBCRE® M mp., 1972; JlomsHAK, BopoHmosa, 1974;
Menfwas, 1975). B pAme KpymHEX permosos (Ipucasnbe, Bumcedckmit
KpEX) OHE BOOGME® OTCYTCTBYDT. JTH OGCTOATENBCTBA, & TAREE TO, 9TO
HESH DIOMCKOTO KoMINeKca B CAGMpR OGHYHO CJAOX6HH TOpPDPATEHHHMH
IOpOXAMA HJIH OTHEJNSHH OT IONCTAIADUMEX OTAOXeHH# KDYNHHM mepepH-
BOM, 3a8TPYIHADT OGOCHOBAHME A KODPEXALMD 6r'0 IO CTPOMATOIATAM,
CrpowaTomuts rpynn Linella X Patomia,K0TOPHE paHE®
CYuTa IHCH MCHRANYATOAEHO DAOMCKHMM, MMENT Iopasa0 Gonee WADOKHR zua-
nasoH BOPTUKANBHOIO DacOpOCTpaHeHHA. Linella OHnAa  00Hapyre-
HA B BepxHepudefickolt dopmaiuu Barrep-Cnpurrc B Ascrpanud ( Glaess-
ner et al., 1969); CTpOMATONMTH, MMENmME MOpPHoXorMD, OIUBKYD
g Linella, pasBiTH B I¥ M0ACBMTe IAXAHZMHCKOM CBATH M B
BOpXAX Raparacckolf cepunm [ipucasHbg. Patomia paspuTa B BODXBX
YeHYWMHCKO} CBATH M B BepXax Kaparacckolf cepur. Tak Ha sHBaeMulit
DAOMCEMY (99THEDPTHA) KOMONSKC MUKPOQUTONATER npezcTaBA6H (olee
geM 20 Gopuaun, OZHEKO GONBMMHCTED fopM STOrD KOMIOJAGKCE ABIAADTCH
npoxofamumd, OHM NORABJAANTCA HA DABIMYHNX yDOBHAX BEDXHEI'D pujes,
& MHOTZ@ DacHpoCTPAHOHHW B HOM ZOBOJABHO WADODKD (xﬂanznacxnn "
AP., 1972; fixumE, I975a).

Vesicularites bothrydioformis® Ambigolamellatus horridus
NoABIANTCA B MACCOBOM KONMYOCTES C JAXAHAUHCKOTO yposHA (XoMeETOB-
CRER M zp., 1972), GopMH IPymmH Volvatella HEPOKO pac-
NpeCTPaHeHN B KalaHWeBCKoll acconuague (fAkmuE, 19758) M T.Z. (puc.
3). PaEHe® NoABAOHME MEEPOJMTOAMTOB DAOMCKO}! ACCONMAIMM 0TMEUAeT-
CAa ¥ 88 NpezeJaMéd pacCMBTPHBAEMON TeppUTOpUM — BHE Pycckoft nmaT-
¢opre (CoxoEnes M Ap., I975) 4 B CagHo-AnTdicKoM cHIaA®ToM oOaac-
th (AmuME, I3756). [poxoxzeHHe DAGMCKEX MUKDOQUTOAMTOR B HUXHM
KemOpKE oTMevaeTcs Z0BOABHO WBCTO B paspesax [aTOMCKore Baropha
(Xypasazesa, I964; PemeHMfi..., 1972). HHorze opuMu, CuwiTapmUecCH
HMCEIDTHTEABE0 DZOMCKMMM, OK8BHBADTCH DeBKD NpeoGiajeDmMME B Iopaa-
A0 Ooxee ApeBHEX cuoAX pudes (AamKMECKAA cBMTA EHMCEeHCKoTe Kpsxa,
H3&BTrepCRas M CHDTAWHCKAA CBUTH Xapaylaxs, rosaHCEas cBdTa [Ipu-
ypaxss # 2p.). OTCOAR CH6ZyeT, UT0 MCHOAE30BAHME (MTOIAMTOR AR
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BHZGUOHAA M KOPPOJAANMA WAOMAFA 063 KOHTDONA ZpyTMMM METOZAMNA MOXKET
[NPUBECTH K KPyNHHM OWHOKaM,

B BacToAMMi MOMEHT B pHpeiCKMX 0TJI0XEHMSX Mo AUTEPATYPHHM 28 H-
HEM KBBECTHH HAXOZKH NMPAKTUYECKM BCEX DZOMCKMX (GopM, OzHEKOD IO
MBTEPHAJAM COBMECTHOrO W3y WEHMA KOMIGKOUA B& NpOmeANMX KOJLIOKBM-
yMa8x B OTHOmG HUM HOKOTODHX GopM BTH ZAaHHHE He NOZATHE DEASIOTCH.

K wicny Takux GopM OTHOCATCH J0BOJABHO MMPOKO PacnpoCcTpaHeHEHe B
PDAOMCKMX 0TZ0X8HUAX Osagia globulosa Korol.,, O,corticosa Nar.,

Vesicularites lobatus Reitl., V. concretus Z. Zhur., V. subinensis
zabr., V. simplaris Yaksch., Vermiculites tortuosus Reitl. OHA nmMe-—
DT Jonee yakuit MHTEpPBaZ BepPTUKANBHOIO pacmpocTpaHeHus (puc.3) n
MOTYT CAYRATH GOJNee WAA MEHee HANEXHOH OCHOBOW A BHIENGHAS R Kop-
peaauMn onomasa Chdupd.,

lckapuMTeAbHO® BHAYEHWe JAJA X8DPAKTODUCTHMEY DAOMCKOT0 KoMOZeKca
UMEDT HAXOZKM DAMAK&pCKoR Gaymd (B DAOMCKOH, KyPTyHCKOH# M 0CTpOB-
HO# cEBMTAX), KOIMYeCTBOD KOTOPHX nporpeccusHo pacrer (Cokolos,
1975, U AiPe).

[ludps a6coapTHOr0 Bospacra Ms mwaoMcKoil ocBute (620, 635, 650
MIH. J8T), M8 NOZONBH CyHHArMHCKOTD ropusosra (575, 600, 6I0 MiH.
I6T) M M3 MHTMIMIACKOHM MHTpDY MM, NpeAUECTEOBEBWEH QOpPMUDOBAHMD K0AOM-
cKoli cBuTH (650700 muH. meT) (CemuxaToB M Ap., I970; XomeHToB-
CKuM#t ¥ zp., 1972), onpezedsOT nepuoj] 66 00pa30BAHMA MHTE [IBE JOM
0T 650-675 20 600-575 muH. 16T, Takoi xe NOpAZOK uudp ANA Be PXo0B
BeMYaHCKoOH cepud Enuceidckoro xpasa (635 MAH. a6T), GAHKAHCKOR
cBUTH [IpuGaikansa (609 MIHE. 7€T) ¥ CpezHell WCTH yCaTOBCKOH! CBATH
Naromuckoro Harepsa (575 MiH, .1eT), [IpMBeASHEHE JQHHHE M0SE0JIANT
CONODCTABATEH DZOMCKA KOMIJIGKC C BEHZOM Pycckoi nxaTdopMu.

CaezyomuM 6CTECTBEEHHOMCTOPUYOCKMM T'8O0JOTMYSCKUM [T0ZADPE 876 I6HAEM,
BHZS IADMAMCA 110 DXHOMY 06paMieHUK CMOMPCKOR nJaTHOPMH HUES W0Z0M--
CEOI'0 KOMNIeKCE, ABAAETCA 08 #KaABCKMA KoMmniexc. B [laToMcCKoM npo-
rucde (cM. puc, I) CailKaAbCKMA KOMIIEKC NPOACTABIEH O0TJOKOHMAMUA
K818 HYeBCKON, EyMHCKOM M YeHWMHCKOW CBMT, [lepsad, B L6HTPA ABHHX
gacTax [laToMCKoro nporuda, saleraeT cOrJacHo Ha BAJDXTHHCKOW Cpi-
T6, 8 8anajHE6 JNOXMICA C HECOLZACMeM HA BHA WITEABHO 00166 ZpeBHUE
0TIOXOHHA QKMTKAHCKO# CepMM, NOCTENEEHD CMEHAACH B CTOpPOHY I[pu=
GailKanEd OTJIOROHAAMYM TOIOYCTOHCKOM M yaAyHTyiicKoft cBuT., ABaJOTH
NoZKaIBHYOBCRUX DUPOCKUX 0THoxeHMM [laTOMCKOrD Iporuca sAeck He
yCTaHOBIEHH. KpoME& roloyCTeHCKoM M yayuTylickoif CBMT B COCTAE
0aiKaNBCKOro KoMnaexca [Ipu0ailkalss BXOAAT COrZacH0 Balerapmue BHEE
o paspesy KAYGPIaTCKAS CBATA W B0 HUXHME MOJCBUTH JUAKOBCKOMR
CBHTH,
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B llpucanHbe 0aiiKaABCKuMy KOMMJIEKCY COOTBE TCTBYDT Kaparacckas
H 0CeIK0B&A CepHMH, pasielieHHHe MepepHBOM. B pro-sanagHoM [Ipnoa i~
KaIse l0CIeJIHEMY OTBE YaNT KOHIJOMepaTH B OCHOBA HAM K& YepraTCKo it
CBUTH, Ha pre EHUCEHCKOTD KPAKA C KO8paraCCKojf cepuefl CompcTaBifeT™
CA OCJARHCKaA, 8 C 0CeJKOBOW — TAaceeBCKad. Ha cepepe WX &HAJOIE MY
ABJIADTCA COOTBOTCTBEHHO YMHIAC&HCKAA W G0JBLAA HPEHAA YACTH HEM—
YW HCKO# cepud. B Yuypo-MalicKom paiioHe K GAUKAGNBCKOMY KOMIJIEKCY
JyCIDBHO OTHOCATCA OTAOXGHWA yHCKoM cepuu, Haualo GOPMMPOBEHMA KO-
TOPOif CBEABAHO C ABHOM aKTHBMSAUMER TOKT 0HHYECHUX ZBMEOHANE, 8 HA
TypyxaHCKOM OOAHATAN HAWG0NEe BEDOATHHM 6I'0 AHAJNOrOM ABAANTCA
0 TA0EEHUS MMPO@AMXUHCKOM, TyPYXGHCKOHX M JyDPHOMHCCKOH CBUT.

Hawaz0 npepdaiikanbCKOil aKTHBMBALMM A8THDYyeTCH HA OCHOBAHMM pa-
ZMONOTMYECKMX Onpejesetnidl us nojcrurapmet yHCKYyD C6pPUD UICHUKAHCKOH
CBUTH B 890 MJAH. JOT ¥ M3 NOCOJBHEHCKMX IpaHMTOR EHMCelicKore Kpaxa -
B 850 + 50 MaH. J7eT (I'e0XpPOHOIOTHA..., 1968). Hemecpezcrse HHO
M8 0TIOX6 HHM OAfiKaiBCKOI'0 KOMIJIGKCA DaziM0JOTHyeCKME Onpexs AeEuA Mo
TAAYKOHMTYy MSBECTHH M3 YMHIraHCKO#t cepuu EHMCeHCKoro Kpasa, 747-770
MuH, 76T (CeMn¥aToB M ;ip., 197.0). BepxHAfA 4YacTh OaAK&ABCKOIO KoM-
nlleKca B HeKOTOPHX pajioEAX 0XADE&KTEPUB0BAEA THUNMUHOMA AJA BEDPXHETO
puden acconuanueil CTPOMATOIMTOB; GOJBWAA K6 HWXKHAA Y&CTH ero B [la-
TOMCKOM HATODEE COZGDEMT SHZEMHYHH® (QOPMH CTPOMAT 0JNMTOB W8 IpymOoH
Baicalia P a B [lpucdaiikalse = ’onophyton cadilnicus Kor. X
Baicalica baicalica Masl.[locnennsas fopma cUMTANack pPAHEE CpelHe-
pudelickof Ha OCHOBAHHMM CONOCTABIEHUS C Helk Baicalia U3 CTpPATO-
wpna cpemHero pades Ypana. BeecomsHuit KONJIOKBAYM IO CTpoMa-
ronuTaM (PeweHud..., IS75) ezMHOAYWHO NOCTABMI NOA COMHOHME BOS-
MOEHOCTS MZGHTMQMEAIMM TomoTUNA B. baicalica us [pu=
06aiKalsa BBUZY NMA0X0H COXPaHHOCTM MUKDOCTPY KTy pH ¢ opMaMu, BH-
Zie IAGMHMM [07 DTMM HABBAHMGM BO BCEX APyI'UX peruoHax. Takum oGpa-

30M, NpHOaiikanbCKas B, baicalica Kryl, oo cywecTsy oKa-
88JBCH TaKKe DHIGMMWHOA, KAK M C., cadilnicus , PasBUTH{ TOABKO
B lpuGaiikanse, [IpegcTaBMTeNd IPynn Baicalia 4 Conophyton

M3BECTHH HE TOJNBKO B CPEZHCM, HO M B BepxHeM pudee. [loaroMy oTHeCE-
HAG HAS0B 08HKAZBCKOI0 KOMITOKCA HA O0CHOB&HMY SHAGMATHHX fOpM STUX
Tpynno K cpepHeMy puden, KaK 3T0 ZGAAST DAJ MCCIEZA0BA Telel, ABIAGTCH
HEONpPaE/a HHLM .

B cocrase BepxHeGaikaascknl (YeHWHCKOH) accomMauui MMKDodMToaM-
T0B HaCUMTHBEGTCH G0J6e Z3yX A6CATKOR Jopu, HO JMNB TPY UB HUX -
Osagia grandis Z, Zhur,, Asterosphaeroides serratus Z. Zhur,,
A.emendatus Jaksch, — WMPOKD pACMPOCTPEHEHH B 0TIOKEHUAX
STOr'0 BOSPACT3 U MOIYT CWTATECA Dy KOBOJAWMMM ANA Herp., OcHoBHES
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~ pacca (Qopum rpynmd Radiosus Z. Zhur. M OoIBUMECTBO (JOPM TPy n-
. pu Asterosphaeroides Reitl. BHJIGJNEHH (68 yueTd BTOPHUHHX
psMeHeEMi (cM., PemeH¥A ..., I975) W He NpUroZEN AAs yBOPEHHOTO
pODCHOBAHMA BHANOT 0B XKyMHCKOM W yeHWwHcKOM cBur. OcrananHHe dop-
MH 2T0il acconuauydd ABAANTCA NPOXOAANMMM, ¢
YeHUMHCKEA accoyuanka MUKpofuTomMTOB (78X6 B WUPOKOM CMHCHS) 0T-
AW 9a6TCH JIOKAABHOCTBO DACNDOCTDAHEHWA B PAZe JAN6KOD yZA8JASEHHX pe-
TUOHOB, 8 €6 BOBPACTHHE I'paHMLH HE BCEIrjld CMHXPOHHNW B paSHHWX pas-—
pesax. Tak, B llpucesHse €6 QOPMH NOABIAANTCA, BEDOATHG, PaHEWE, YeM
B [laToMcKoM Haropse (XOMEHTOBCKMZ W Ap., I972), a HA cesepe Cucup-
ckoit nmardopus (p. KoTy#xar) ¢opus rpynn Radiosus i Asteros-
phaeroides MBBECTHH C yPOBHf, ONPeZ6JAEMOr9 No pajHe-
. _NOTHYGCKUM JAHHHM KaK cpezHepudeickai (Muasurein, I965). Huxmas wacrs
6a liKadoCKOTD KOMIJEKCE B G0ABLMECTBE CHOMPCKMX DIOPHHX Da3Pes OB
NOBZHETO 70KEMODHA 0XaDaKTePUSO0BAHA KaNaHEUBBCKOM acconguandedl Muxpo-
@uronuTop (fAxman, I1975a). PykoBogsmue Qopus ee (CM, puc, 3) 4MewT
MCKANYMTENBHO® BHEYGHMe ZJA KoppelAnuy. lMepTCA CCHIAKM HE HAXOZ-
KA HOKOTODHX M8 HMX B GoJaee zpeBHUX 0TH0ReEMaX (JIoABHME, BopoHno-
pa, 1974), ozEaKo H8 npouezmeM B HoBocuOMPCKe BCecODSHOM Ko LADK-
BUyMe N0 MMRpOQUTOIMTAM OHM He anpoduposamics (PeweHMA..., I975).

Takuu o0pasoM, GailKaAbCKHUAl KOMNIGKC ABAAGTCA WO THMM CTpATHIDE-
QUYeCKUM MoApaB/eN6HAEM, BHJZIGNGHHHM H8 OCHOB&HHM I'6 0NOTMYSCHMX
J@HHHX, JBTMPOBAHHHX 0NP6Z6JOHHAMA ACCONMENMAMA QMTOAMTOR M pa A0~
JOTM YeCKAMU onpefielleHMAMM B MHTepRame 800-680 MiH. IeT.

Koppeasuua A0068iKaIBCKMX 0TJI0E6HMHA (olee 84Ty AHATOIBHE. B
DzoMo-MalicKoM Oporu6e CAeZyOEMM KDyIHHM 6CTECTHE HROMCTODHYSCKEM
nozpasne 1eHueM fABARETCH MalicKas Cepus, NpeACTaBIAONAA 7008 REA Ik~
CKM KPyNHHA OWKA 0CAZKOHAKONAGHMA. [IpAKTHYOCEM BCE HCCHS0BATO-
I CYTANT 66 AHANOroM HA TypyXaHCKOM NOAHATHM CBATH 0T CTDOABHO-
T opcKoift Zo mopuxMBECKo#, & HA ExMce ficKOM Kpaxe - 0T noropoiicked zo
AEZAHETUHCKOM. B [laToMCKoM Dpord6e 66 BEDOATFHM AKANOrOM ABASDICH
JEOMEyK@HCKaf, GAPAKyHCKAA M BANNXTUHCKAA CBUTH.

BospacTHas OPUMHBAA6XHOCTE MaUCKo#t CepuM ¥ €6 AaBANOIr0E B CBABM
C ZMCKyCCMOHHOCTHD HMEHE}l TDaHMIH Be DXHErc pufes oo CTIDOMATONH-
TaM He BOOJHE oOOpejieAeHEa. Foabkas rpynna ucciezoparteledt (Kpumes,
lianesanmesa, I1970; Cewmmxates, I974, @ zp.) CBABHBADT 5¥0T PyOex
C0 CMEHOM acconManuM CTDOMATEIMTOE, B K0TOPIR mpe o6aaenT pasiM ¥
Hie (opuu Conophyton Jacutophyton H Baicalia, . acco=
uuanuelf, npezcraBaeHHO! jopMaAMH IDYIN Gymnosolen, Inzeria, NMinjaria

'~ M Jurusania , Ha OCHOBBHHN CKA38HHOI'0 I'DSHANA CPENHETO H
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BePXHSTD DUes NPOBOAMTCH 00 MOAGNEE MTHMREHCEOHR CBMTH, B4B0pEaR-
meit MaicKyn cepup. UZHEAKD B HACTORME® BPEMS HAKONIGEO MHOTD fagToB
(Cemuxaron, I962; HyxHom, I967; XoMeHToBCKME ® zP., I972) o com-
MeCTHOM HAXO0EZ0 HHM NpeacTaBHTels il o0eux acconuanuii (zepesHEMHCKAS
M mopUXuMHECKAA CBUTH TyDyXBHCEOIr0 NOAHATHA, IAXABHAUECKAR M LUME HAME-
CHaf CBMTH Ywypo-Maitckore pafiosa, cepus ATap B cmHeKEHSe Tayae:u).
Bechua moKasaTeIbHO, UTO COpUE ATap, B KoTepeil Jacutophyton,
Conophyton y Baicalica Topasmo Golee DasBETH, 4YeM Gymnosolen aff.
remsayl (Bertrand-Sarfati, 1972), paccmarpusaerca K8k BE PXHE pufelCKasn
(Bexmxatos, I974), Y70 NoATBODEZAETCH M Z@HHHMA 80C 0ANTHOTD BOS-
pacra ( Trompette, 1973). B cBgsM C 3THM T'PAHENA CPeZHETO0 M Bepx-
Hero pudes mo CTPOMATOAMTAM NPOBOZMTCA HAMM N0 OOABAS HED LEIQrD PA-
78 XA PAKTEPHHX ANA BepXHeTo pupes rpymn (Minjaria, Gymnosolen, Juru-
sania, Inzeria) M HOBEX opM B rpynne Baicalia (B, lacera, B. maica,
B. rara, B, smpla, B. unca, B, buriatica A 7axe B, baicalica).
[lo cymecTBy Mo4YTH BCe Baicalia, - 88 WUCKIDYeHMEM B.minuta,
B.inventa, B. aborigena, OHjm pa8BUTH B BepXHOM pujee. HuzBAA
rpaHEna BePXHEr0 DHJes B moAoCHO# TPAKTOBKe NpOHAST HUXE OCHOBAHHSA
nqMnaEZMECKO CBUTH (pHC. 4). STo NOATBEPXZA6TCA M QHANMBOM paZHDI0-
THWCKAX JI@EHEHX, HA OCHOBAHMM MHTEPNPOTANMM KOTOPHX BOBPACT NMNaH-
AMHCKO# M IAXAHAMHCKOM cBMUT He apesnee 950-I1000 mue. mer. Ecam
CIeZ0BATH TPAZMIMOHHHM [1p6ZCTABIGHMAM M BRINYETH BSUIBMEDABKCKYD
CBUTYy B BODXHUI DAQedl, ero HAXHaAR rPpaHUNE Oy7eT COOTBETCTBOBETH
HCTODUKO=-I80A0TMI6CKOMY pyOexy I050-II50 MaH. n6T, 0CYCJIOBIGHHOMY
' I'PeHBUIBCKOH 8KTMBMBAIMEl. B TaroM CIy w@e MajicKas cepus M ee aHA-
HOTH NeJMKOM MOTYT OK@3aThCA BepxHepudedckumn (Kowap, I973).

[lepecuoTp CTpPOMETONMTEB O/ X3 PEKTODHCTUKE BEDXHEOTD PUPes NpPUBO-
AMT K 66 000reIPHKD PABHOCCPABHHMM QopMaMu rpyon Baicalica,
Jacutophyton, Conophyton. CooTBETCTBOHHD MpPUCYyTCTEME B 01—
J0XSHUAX CTPOMATONMTOB STUX TPyNE 668 XAPAKTODHHX Be pXHepHUJeHCKUX
Tpynn M ¢opy He HECOT OAHOBHAUHON MBPOpPMANMM 0 BOBPACTE BMENEDMMX
T0JW, TAK KAK B ONPOZGNEHHHX y CA0BMAX MOIyT OHTH DABBMTH acCoguUa-
LA CTPOMETOMUTOB, NPEACTABNGHHHE ONHUMM OPOXOZAAWMME (opMaMu,

Bce crasaHHD@ CBUAGTEAECTByET 0 TOM, UT0 OOpEZENGHMe NPAHIKNA
paBrpaEMYeHMA CPOZHOTO M BEDXHEro DUfeA Mo CTPOMATOIMTAM HYEZ86TCH
B Ziopad 0TKE.

MR po@uTONNTH HHXHeH YACTH BepPXHOT0 PUDOR NDEJCTABIGHH MCKIDW-
TEJNBHO NPOXOZAMAMA ¥ DHZOMMUHHMM (JoDMEMH, CPef¥ K0TOPHX HAHGOIBEMM

pacnpocTpaHeHHeM NoAsByDTCH Osagia tenuilamellata M. Vesicularites
flexuosus,
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Josepxue pufeiicEue oTdoxeHMA wra CHOMPH yBepeHHO pAacC WIeHADTCH
HA HW&HOe—~ H CpoZHe pufefickHe Toabke B Yyypo~Maitckom paflose (cooT-
BOTCTBOHHD y9YypCKAA M AUMWEHCEAA COPHM), I'Ze MMENTCH MACCOBHE
onpe e I9HUA &OCOJANTHOT® BOSPACTE N0 IIBYKOHATYy W NpeACTABMTENbHHE
acConManHy CTPOMAT 0AMTOB., Ha ocraanHo# Teppuropun mra CHOMpDH BOs-
MOXHO® IMNB yCIOBHO® BHZGW6HWe O0TAOXEHMH BSTOr0 BoBpaCTA Me~BA NOWH
OOIHOrd OTCYTCIBHA ZBHHHX N0 QUTOIMTAM H pPajMoNOrMYeCKHUX Ompeze-
76 Huil .

iisno%e HEHe J@HHHEe N0SBOJAANT CAGAATH CJI6Jy DNMe BuHBeAH. Bospacr-
HHO acconHanud fUToIMTOB HAMGO0AE® WMDPOKO PACNDOCTPEHOHH B ONpSA6JNEH~-
HHX CTpaTUTPA(UUECEHX MHTEDBANAX. OZBAKO MHOrMe ZOCTATOYHO THIHY-
HHO (OpMH NOABAANTCA ¥ MCW B80T HA SHAWMTENBHOM yZGIOHMH 0T pyse-
%6H, KOTODHMHA NDHHATO ONPEZA6JATH MX TpaHHOH., OTO0 CBABAHD C TeM,
@0 N0ABI6HA® HOBHX (0pM MPOMCXOZMT B8 GoHe MAcCOBOI'D PasBUTHA CTa-
PHX M MECTAMM CO BHAWTONSHHM 88MN0378HM6M. HepeZKo Toimu cCO CMemaH-
BHMA 8cconManuAMd (mepexXojEHe CJH0H) o9 06TOMy He yCTyNADT CHCTOMAM
M BHAWITONHHO MPEBOCXOAAT CTOASL KpATKOBDOMGHHHE NMOAPABJAGNOHMA, KaK
DAOMCKHA KOMONSKC, B CBABHM C 9THM KODDENgUHA DPaBPEBOB BEPXHEID
ZOKGMODAA N0 OZHUM TOABKC (QUTOAMTAM HepOZKO OPUBOZMT K IpyGHM
pmMOKaM, [IpMepoM TEKO0BO# ABAAETCA OTHOCOHHMO JEWKMHCKOf CBUTH EHM-
ceilickoro Kpsza (KypaBsnesa W Zp., I969) M HBABIepPCKON M CHBTAWHCKOI
ceur Xapaymexa (Kypasaesa, I974) k DOMCKOMy KOMONOKCY MIM HMBOB
OafiRa IECEOI'0 KOMOJNeKCAE - K cpezHemy puden (Hypasmesa, I964; Jlols-
HUK, BopoHyoma, I974, 4 ap.). OTCOZE 0WBUAHO, YTO UCTOPHKO-TE0-

DOTMY6CKMII METO0Z Mo-npeXHeMy fABJgETCA OCHOBHHM [pM D&C YO HEHAH

poxemcpus (laTcruit, 1963), HO NANGDHTONOTMYECKA® M paZUOA0IUYE CKUE
JIaHHHE Cy eCTBEGHHO yTOYHAWT BHZEJNeHHHe HA 6I0 OCHOBE [0Zpasfens-
HUA o

JUTEPATYPA

AEaronsena AMd., EaproB MA.,,CoBoeT 03B KK,
1966. 0 KoppeJamuM KPACHELBO THHX TOMNN BEHAA M HMUXHETO0 KOMO-
pus pro-sanazHoff oxpauEd Cuoupcroil niardopmu. - "Jloxd. AH
CCCP", I966, T. I66, k 2.

T'e0xpoHOJAOTHA ZOEeMODHA CMOMPCKoM naaTdopus, I968. l., "Hayka".

JIoaxnsaug T.A,,BopoEgosa I.A., I974, Crparurpa-
(uA BepXHEr0 ZOKeMGDUA M HHEHMX IOpUBOHTOB KewmGpus Cesepo-
Bailkaasckoro 4 [aToMcKoro Haropu#t.,  UpKyTCK.

Eypesane Ba 3.A., 1964, OHKOAMTH ¥ KaTarpaguu pudges M
HMEHOTO KOMODHA ¥ HMX cTpaTurpaguyeckoe sHaverue. - Tp. THH
AH CCCP, Bum, II4. M., "Hayka",
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Eypananena B3.A., I974. K BODPOCY 0 508PACTE BEPXHEZ0KeMO-
puitcKux oTnomeHMi Xapayzsaxa, - "Hes. AH CCCP, cep. reoxa".,
k II.

KEypasnena 3.y Kowmap B.Aey Yymacxos HM,
I96I, CTpoeHue ¥ BOBPacT DTAOKEHMH, OTHOCHMHX K TOJGMHEC KO i
cBuTe. - "Jloka, AH CCCP", 7. I40, k 3.

Iyparnena B4, Kpuanoes UH,0o0cTenXTsHHUKOS
E.Cey, I969. 0 crpaTurpaduu ¥ O0PraHUYSCKMX 0OCTATKEX ZBWKUHC—
Kol CBATH OCJIAHCKOW cepuii (BepxHMil A0KeMOpMil EHMCEHCKOIo Kpf-
®a)., - "ss., AH CCCP, cep. reox.", K 7.

K owmap B.A., I973. HosHe J@HHHE 0 KOPpeIALUA DUGOHCKHX OTIAO-
zoHMll DxHoro Ypam u CuGupu. - "Wsm. AH CCCP, cep. reoi.,

K IO.

Kopoavwk HKey CHapagpopos A,Jl., I969, CTpomaT padTH
MOTCKON CBUTH mxHoroe [pudaitkansd W Kro-BocTowHoro [puCa&sERf.-
"Joxa, AH CCCP", T, I84, K 3,

Kpeaxos HUH.,Llanosaaxosna WHT., 1970, O pacnpocrpa-
HEGHMM CTPOMATOJANTOB KaTABCKOTOD KOMNAEKCE B pUJeHCKEX 0TI0-
EeHuaAx Ypana u Cu6upd., — B KH.: CTparurpadus ¥ 0aJe0HTOAOTUA
npoTeposos U KeMGPUA BOCTOK& CHCMPCKOH nIaTHopMb. fKYyICK.

Munxnswmere ## B B.E., I965. QHKOZMTH M KaTarpaguu sanagHoro
CKIOHa AHatapcKOro NOAHATHA. — B KH.: YvyeHue sanucki HUUTA,
naneoHToa. ¥ GuocrpaTurp. J. :

Hy =803 C.B., I967. Pupeiickue 0T]0XeHUR Bro-BocTOKa Cucup-
cHoft naardopus, M., "Hayka".

PeweHMA COBONAHHH N0 CTPaTHrpaduu BeHACKMX oTiomeHMd CuoupCKol
niaTdopud ¥ ee HenoCpejCcTBeHHOro ofpammeHus, I972. HoBocu-
GUpCE,

Pewe HMA KOJJNOKBUYMOB [0 MUKDOQUTONMTAM, CTPOMBTONATAM M MUKDOdoc-
CultiaM, 1975, HoBocuOupck,

Cemuxarosn M.A., 1962, Pufeit ¥ HuxBkii KeMopuit EnuceicKo-
ro Kpaxa. - Tp. TWH AH CCCP, 3mm., 68. M., Msz-s0 AH CCCP,

Ccoemuxarosn M.A., I974, Crparurpadus ¥ IeoXpPoHOAOTAA IpO-
Teposod. M., "Hayka",

Cemuxaron MA,,Eomap BAu,COpecpsakuvs C.H,
I1970. DzoMCEMWYM KOMONEKC CTPATOTHOWYECKOH MECTHOCTH. — Tp.

TUH AH CCCP, Bum. 2I0, M., "Hayka",

Coroxos B.C., I975. O NnazeoHTON0 ' MWCKAX HEXOAKEX B 70—

JCONKCKMX O0TIOXEHMFX MpKyTCKOro aufurearpa, — B KH.: Am-
ZIOTHM BEHACKOIo KoMmnuexca B Cuoupn. M., "Hayka'.
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1o0HLoB J.0.,X0oMeHTOBCKHMHINM B.E.,

ArRce HoB H.M., I975. OcHoBHHE uYepTH CTpaTurpadun
BOPXHErD JA0KeMOpMA BocToyHo-EBpOMeiCKoil nuaTopue ¥ 6ro
BOBMOXHHG aHalor¥ HA CHOMPCKoX niardopMme., — B KH.: AHaZCTH
FOHACKOrD Kounaexca 3 CuGupu. M., "Hayka'.

MOHTOBCEKHMXIHR B.B., I974. [IpHEIMNE BHAGNSHHF BEHAA KaK
CHCTOMH N8NeUB0A., — B KH.: DToZH no crpaturpaguu. M., "Hayka".

MeHTOBCKMUMN BBay le Hg M IB Bulloy ABH HE MCo,y
Eyraxos E.., I972. Onopede paspesH 0TJNOES HUM ZoKe MO-
pus U Kemopus CuOMpcKoW nuaarTdopmu. M., "Hayxa".

?TcKHM# H,Coy I963, 06 OTHOWEHMM KEeMODHA K MPOTEPOBOD M 0
galikaisCKOf CKAGZYSTOCTH. - B KH.: MeGpaHHHe TpyzH, T. I.

M., lisp-B0 AH CCCP.

EQ#a3B B.le, I975. CTpOMETONNTH OAOMCKOID KoMnaexca CHGH-
p4. = B KH.: AHazors BeHACKOI'O Komnaekca B Cucupu. M.,
"Haym".

waE MC., I9758.0 KQNAaHYEBCKOM KOMIJEKCE MMKPOGMTONMATOB
pudes Cuoupu. - "TeordoTus u reofusuka", K 2,

m#®H MC., I9756. MaAKPOQMTOAXTH WAOMCKOrc KoMnaskca CuGu-

p4 . - B KH,: AHaJOIM BEHACKOTO KoMmoaexkca B CuOupu. .,
"Hayka". ’
rtrand-S8arfati I., 1972. Stromatolitds Columnaires
du Précambrian supérior du Sahara Nord-occidental, - Centre de
recherches sur le zones arides, seérie: géologie, N 14,
Paris.
aessner MF., Preiss W.V.,Walter MR,
41969, Precambrian Columnar Btromatolites inm Australia: Mor-
phological and Stratigraphic Analisis. - Science, 164,
N 3883.

ompette R.,, 1973, Le pmﬁubri’an superieur et le Paleo-
soigue intérieur de 1'Adrar de Mauritanis., - Trav, lab. Scie
terre St. Gerom, Marseille.

i
§

183



IIMED |FYNIMVIAS

A

iy
33
A N
yosd & m §
AN Mm
Vok + + N M
Fr 4 +
e
+ + + ey
Ny ¥OgRLy - H+H+H+ E N
+ 4+ +
GgovaTly et i ﬁ
\ + + +
+ + + ﬂ
o R @
z¥aoemy 4\ * o / \ o
/ // E E
A\ / Ao W
% M g
\ J_ b} @
|
NATHTP “ ﬂ_ @
by i
| G _w @
I N
|| BH
| _ " W
[
[ 8¢
‘ ap
Bl A m m_
W™+ o+ 4 B9
24p2d 4 4 \ =t . R
gt o+ E
i +H =
Q&n\\bﬁw | + E
* _. +...H+H R
/ Y, A 4, o "- E
._ * e 4 * + + + + i
vhvay o 0 | A FE I E _H

194482 &Sw ..«!. AN A R AR

2 HHE T
R

a “ > =
I HERARIR

WHIININ EHHMHN (s ) um““un-




P i C., 2. CXOMETHWCKHA CTPATUrpadMIOCKHH NPOPHASL BOPXHEPUPEUCKUX,
DAONCKNX, HEXHOKOMODHUCKAX 0TIOXOHMA UpkyTcEoro auureaTpsd M mpi-
ZerepmMx E HeMy palioHoB [IpHcasHbs M [laTOMCKOr0 HaTropsd

I - HBBOCTHAKH; 2 = Z0MOMHTH; 3 - MOCUWRHMCTHO ZOJNOMUTH; &4 -
PIMEHCTHE ZOAOMMTH; 5 — AOAOMHTOBHe GPOKWMM; 6 - NEC W HAKM KBAP-
NeBe-NeioBONNATOBHE ; 7 — MOCWHMEM NONMMMETOBHE; B - JONOMHTOBHO
Meprexu; 9 - NmeCWHMKH KBapnesne; I0 - necw@HACTHE 8716 BPOJMTHS

II - amespomuTs; I2 - KaMeHHAA Coxb; I3 - zAilKM natasos; I4 -
napPeHeBCKEY IOPMIDET - NOCWEHMRE; IS5 - OCHHCKMA TOpUBOHT - TOMHO-
COpDHE M COpHe MSBOCTHAEM, MBBECTKOBMCTHO JADJIOMMTH M Z0JIOMUATHS

I6 - TeMHO-S8NOHOBATO-CODHe CANAMCTHO KBA POBHE NECYBHMKM M 816 B-
poxuTH; I7 - MopoAH KPHCTEJIM96CEOr0 (yHAEMEHTE 18-21 - Tpuac-
OuTh; 22 - fayHa OCMECKOIO TOpMSoHTA; 23 - CTPOMATOJMTH; 24 =
TpaHAnA DAOMHS M HMXHEI0 KeMODHg; 25 = IPaHMNH 8JBIAHCKOTO I'0pi-
80HM ; 26 - TrpaHMQH ToI08 WHCKOI'0 I'OPHBOHETE
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Puc, 3, Cxeua BE DTUKAABHOI'O0 PaCOPOCTPAHEHAA MUKPOGUTOIMTOE B
No3ZHEM ZoKeMOpuu wra CuUGHPH
I. a) O.pulla Z. Zhur (BEMxHeK0Ty iK8 HCKAA MOACBUATE
AHaGapcKoro mozHATME); G6) O.libidinosa Z. Zhur, (Gyne-
GyXTAHCKas CBATA, BHyTPEeHHAA 30Ha [aTOMCKoi CRIAAWTON 0CIacTH);
B) Vesicularites rotundus (HUEHEKOTYKEHCK&A MOZCBATA AHAGADCKO-
T0 NOZHATHMA); T') P. tenebricus Z.Zhur (koTEHAMHCKAA cBATa (ue-
HEKCHKOTO NOJHATHA); A) 85 - WMaHTylIexcKap cBuTa [lpAcanHbRA. dop-
ue 3Tolfl accoguanuu CoGPaEH MB paBJMuEMX pesepsos Cuompuw u ypaia.
2. a) Radiosus incertus Jaksch, O) Osagia tenuilamellata Reitl,,
Glebosites gentilis Z.Zhur., 3. a) Vesicularites flexuosus Reitl.;
0) Osagia composita Z.Zhur. 4. a) Nubecularites uniformis Z.Zhur.;
0) Nubecularites palmipedalis Yaksch, 6. a) Osagia columnata
Reitl,; 0) O,culumnata var. baicalica Yaksch.; B) O,columnata var.
ovsianica Yaksch.; T) O.undosa Reitl.; JX) O.donatella Korol.;
e) O.decimana Yaksch.; X ) Vesicularites curtunicus Yaksch.
7. a) BRadiosus aculeatus Z.Zhur.; G) R.badius Z.Zhur.; B) Gle-
bosites glebosites Reitl. 8. a) Radiosus Radiosus crustosus Z.Zhur;
6) R.sphaericus Z.Zhur.; B) R.tenuis Z.Zhur.; I') R.derorus Yaksch,;
K) Osagia nersinica Yaksch.; e) O.aculeata Z.Zhur,; X) Nubeculari-
tés deformis Yakseh,; 3) Vesicularites subinensis Zabr. 9. a) Osa-
gia grandis Z.Zhur., O) Asterosphaercides serratus Z.Zhur.; B) A.
emendatus Yaksch. 10. &) Nubecularites Z. Zbur.; O) N.abustus Z.
Zhur., B Vesicularites compositus Z.Zhur,; T) V.bothrydioformis
(Erasnop.); X&) Arbigolemellatus horridus Z.Zhur.; e) Volvatella
zonali. Nar.; x) V.vadosa Z,Zhur.; 3) Vermiculites irregularis
(Reitl,). 11, a) Osagia globulosa Korol.; ©) O.corticosa Nar.;

B) Vesicularites lobatus Reitl.; T ) V.concretus Z.Zhur.;

X)) V.simplaris Yaksch.; e) Vermivulites tortuosus Reitl.
12. a) Nubecularitis parvus Z.Zhur.; 0) N.catagraphus Reitl.;
B) N.pun:tatus Reitl.; 7T) Osagia gigantea Korol.; X) Hieroglyphi-
tes mirebilis Reitl.

187



] 0
n\\sﬁh\‘ﬂm YN mm“
— V7N IR x X §¥.ﬂ\\§\§\ DN T NI M T -G ZANDYTY _
-ZRRIITY & & 4
T —
=S =N
s % o Ky
——
& oo By
N zzzzr Iy
R -
- EEEEE Ny
b I .,
¥
- N
X <
N
O r—— by
— TIITTIITINY
~
:
v
s S
L]
~ Y
gt = N
3
N
N
5
s
srrreserrsees Q5]
Iocoeoooas
' oo ty
S
i Ny
b
" N
~
~ Y
Y
N
———
.f.l porr ST z
|_Swzn] .NWW\\\U 2L LMON BTN DYDY
RRHTITY ZANIILT | TAHICTH
" 2 & w




T

—_—

-

————

P u c. 4, Cxeua Koppensuu¥ OCHOBHHX PaspesoB BepxXHero pudes Jpa-
78, Cuoupu M CeBepHOM AGDUKA Ho CTDOMAT ONATAM W ONPEe AEHMaM

a0C oINTHOTD BospacTa

1 - Gymnosolen Steinmann,; 2 - Inseria tjomusi Eryl.; 3 = Inze-
ria Krylov; 4 - Jurusania Kryl.; 5 - Jurusania cylindrica Kryl.;

6 - Minjaria uralica Kryl,; - 7 - Conophyton Maslov; 8 = Conophy=
ton miloradovici Rasb.; 9 - Conophyton cilindricus Masl.; 10 - Co-

 nophyton lituus Masl.; 11 - Conophyton metula Kir.; 12 - Conophyton

ressoti Menschl,; 13 - Jacutophyton Schapovalova; 14 - Jacutophyton
ramosum Schap.y 15 - Jacutophyton multiforme Schap.; 16 - Baicalia

~ Erylov; 17 - Baicalia prima Semikh.; 18 - Baicalia rara Semikh.;

19 -« Baicalia maica Nuzh.; 20 - Baicalia lacera Semikh.; 21 -
Baicalia anostomosa Bertr.-Srf,; 22 - Baicalia mauritanica Bertr.-
Sarf,; 23 - Kussiella kessiensis Kryl.; 24 - Telemsina Bertr.-Sarf.;

25 - zuanasoH pasBUTHS BeDxHepHPelicRMX CTpPOMATONMTOB; 26 - TpaHMIA

cpeaEere u Bepxsero pudes no B.M.Kemmepy u ap. (I960), Kemmepy

CemuxaToBy ) (I968), Kpwxosy u Hanosaxesoit (I970) m Ap.; 27 -

TPaHMNa CpPeAHeTD M BepxHers pudes mo M.A.Cemmxaresy (IS74),

28 - onpejeleHMs aGCoOJDTHOr® Bospacra B MIH, IBT

YcuopHEHe 060BHA YHUA CyKeBozAmMx Qepm acconmanuil MERPodMTORUTOB :
I - HaxEepHfeiickan; [ - BepxHezaxamguMEcKasa; Il — KaIBEYeBCEAA;

JI - yeEwmHCEas; ¥ - pAoMckas; YI - Kemcpuiickas; YI - opoxezamue

$opus
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v.P.Eekgep, Ldu.CoxoBEnoe B EMMARKCOEHDB
(ccce)
KOPPETAUMA BEPXHETO JIOKEMEPUA (Pii¢BA) PyCCKOM
[IJAT®OPMH W EE OBPAMJEHUA

YuR.Bekker, LLF.Solonotsov, EMAksenov,

VeZ.Ne g ru t s a (USSR)
CORRELATION OF THE UPPER PRECAMBRIAN (RIPHEAN) IN THE
RUSSIAN PLATFORM AND ITS FRAMING

The correlation of the upper Precambrian deposits is based on
the application of historical-geological, paleontological,
mineralogical, and geophysical methods combined. These me-
thods provide a satisfactory correlation of the upper Pre-
cambrian sections along the strike of certain structural-for-
mational zones, but they do not prove to be always efficient
for the correlation across the strike. Each method has its
own line of application, but not a single one is universal
up to the moment. Hence most of the Precambrian stratigraphic
units are limited by levels which are only relatively coeval.

In this connection the Riphean stratotypical section of
the Southern Urals, described by N.S.Shatsky as early as in
1945, is of essential importance wp to now. With the structu-
ral-geological, paleontological, and geochronological data
available, the following strata are recognized there: the lo-
wer Riphean (Burzyan group), the Niddle Riphean (Yurmata
group), the upper Riphean (EKaratau group), and the Vendian
(Asha group). Diverse concepts exist as to the stratigraphical
position of the Vendian which is regarded as a part of the
Phanerozoic, a part of the Vendomian or the Terminal Riphean,
or as a separate protosystem of the upper Riphean. Some more
detailed correlation levels are outlined for the upper Riphean
(Kipchak, Tangsur, Kudash).

Within the folded framing the lower Riphean strata are
only recognised in the Southern Urals where they include the
Burzyan group and its conventional analogues: the YTamantan and
Beloretsk complexes as well as the Osipovo sedimentary-velca-
nogenic strata on the eastern slope of the Urals.

The middle Riphean is distributed in the outer amnd espe-
cially in the inner sone of the Riphean folding on the Kanin
Peninsula, Timan, Urals and, perhaps, within the limits of



the folded framing of the platform. The upper Riphean strata
are also widely distributed, their peculiar characteristics
being persistent on a vast territory from the Aynovye Islands
to the Bashkir Urals. :

The Vendian strata reflect the end of the Riphean stage
of development both in the eastern and in the western folded
framings of the platform. Paleontological data suggesting the
reasonable correlation between the Vendian stratotypical for-
mations in the Dnieper region and the Riphean Asha group. The
Metazoa remains of the Tirasiana genus reported by one of the
authors in the Asha strata are knmown in the west of the plat-
form below the Cambrian floor.

The Riphean formations of the platiorm mantle fill the
linear, graben-like troughs, rarely isometric basins. The
most complete Riphean sections (with apparent thickness of
about 5 km) are recognized in the east of the platform where
the Kyrpinsk and Chishmalinsk groups are singled out.

The Kyrpinsk group consists of the Tyuryushevo red beds,
Arlan argillite, Kaltasinsk dolomite, and Radezhdinsk clastic
and carbonate rocks; by peculiarities of its sequence, its
age (1515-1539 m.y.), and partly by the microphytolite com-
plex, this group corresponds to the Riphean Burzyan group.

The Chishmalinsk group transgressively overlays these
sStrata and can be correlated with the Kipchak part of the up-
per Riphean by the similarity of the sequences. There is an
opinion that a part of these rocks are of the Yurmata age. .
The key red beds of this level are represented by the Gozha
sandstone and its analogues in other troughs (Serafimov, Or-
shansk, Safonov, Somov, and Polessian strata).

The analogues of the upper part of the upper Riphean
(Tangaur and Kudash) are distributed in the Pachelma trough
and correspond to the Peresypkino and Pachelma groups. The
Vendian platform complex consisting of the lower Vendian
(Vilchansk, Volyn groups) and the upper Vendian (Valday group)
is distributed almost everywhere from the Carpathians to the
Urals. The Vendian key beds are the Redkino strata of about
595-607 m.y. old, with typical members of ash clays and re-
mains of non-skeletal organisms.

In the stratigraphy of the Riphean the problem of the
age of the basal red beds on the platform and of the thick
grey beds of the Roslyatino area is open to discussion.

191



Koppenan#s BE PXHOZAOKEMOPHACKHX 0TJAOXOHMA OCHOBAES HA KHOMNIGKCHOM
NpUMeHOHMA WCTOPUKO-T'G0JNOTM WOCKMX, NANEOHTONOI'M UBCKHX, MUHepaug=-
re0XUMANOCKUX 4 roofUBHJeCKUX MOTOA0B. Kaxzuil 43 METOJ0B HMEeT
cBOM CPOPH NDUMEHOHMA, HO HE OAME B HAX HE ABIR6TOCH yHEHEBEpcaap-
HiM, OHM ofochHeYMBADT y A0BAETBOPUTEIBHOD CONDCTABAGHWE DABPE3OB
BEPXHET0 Z0KEMOGDHA [0 NPOCTUPAHMD OTASABHHX CTPY HTYDPHO=(ALMEN b~
HHX 80H, HO 0KasHBANTCHA He Bcerza 5PQeKTMBHHMA OPH KOpPpe AALMM
OTHOXOHH! BKpPOCT OPOCTHUDAEMA CTPyKTyP. [lo3ToMy GOABEAHCTEO
CTpaTHrpaUvIecKEX roZApaszeneHuil J0KeMOPHA OrpaHMYeHO YPOBHAMH,
CHHXDOHHOCTH KOTOPHX ABJASTCA OTHOCHTOABHOH.

B cBAsH C 9TUM CYMOCTBOHHDG BSHAWHME COXPaHA6T CTPATOTMUIA-
yecKuil paspes pujes, ycrasopmeHuH{l H.C.larckam (I945) B Ypanr
CEeft CRIBUaTOH 00JACTH.

CKIATRTOE OBPAMJEHUE OJATQOPMA
OrxomeEMs pudes WMPOKD DACHPOCTPAHOHH B CRIAZUATOM 00DaMieEMM
Pycckolt nzarfoput. 376CH OHM CMATH B JIMHO HHHe CRI3ZKH M no
CTPDYHTYPHHM 0COO6HHOCTAM BO MHOTOM GJMBKM K CTDyKTypaM naneo-
80fiCKOT0 9TANA pASBUTHA, HO POBKO 0TIMWADTCA 0T ZopufeHCEUX
06pa3eBAHMA, UMODWMX BO MHOTHX CIyY8fX KyNOMOBUAHNY CTPyKTyp-
EHil nnad. [Io KeMnAeKCY CTDYyKTypPHO-TE0IOIHYECKMX, N&AEOHTOI0-
THYECEMX # I'60XPOHOZOTM YeCKMX JBHHNX B CKAGAYATOM 00paMi® HEH
na THopMH BHZO AADTCA HMEHepudelickue, cpeaHepmfeiickue u
BepxHepudeiCKUe DTAOXEHMA.

HaxHepUfeNCKHe OTIOXOHMA M3BOCTHH ToAbsK0 HA KxHOM Ypaze,
rie oHM BEINYART OypPBAHCKYD CepPHD M €€ yCHOBHHE aHAIOrH -
AMGHTAyCKHU, GeJopenKdit KOMOAGKCH ¥ OCHUNOBCKYD CBUTY BOCTOUHO-
T0 CKI0EA ypams. Koppenamus GasupyeTcs HA oOmeM Hoz0GHME paspe-
808 (lapaus, I963) u HexoTopux (Mamses, I967; OdezoHKMH, I974)
OupcTpaTHrpadUUeCcKHX AAHHHX. Paspes GypPBAHCKON CeDHM Ha WHE-
eTCH 0CAA0YHO-BYIRAHOIOHHHMH H IDyC00GJ0MOTHHMM [0POABMM
aiicKoff CBNTH, KOTOPHO BHI® CMOHADTCA NPOHMMyNOCTBEHHO ZOAOMHTO-
BHMH TOAMAMH C MATHOBMTAMH CE8TEMHCKOM CBMTH, 4 BaBOPWAGTCA
daxansckoff chuTolt, oOpasoBaHHON QUIAMTAMM M BNEBPOAUTAMM C
OPOCAOAMM HBBOCTHAKOB M JAONOMATOB, B EKapOOHATHHX ODOPOAAx yo-
TaHEBIGHN CTpoMaTonnTH [ Kussiella kussiensis (Maslov)]# MAKpO-
garommry ( Osagia libigidinosa Z.Zhur., O.columnata Reitl,y APe)s
HauGoasuie 88 TPyAHOHMA BHSHBANT ONpejeleHMA MB0TONHOrG@ BOSpacTa
HMxHel rpaHHnH pHdes. lMpoKoe DPaACHpPOCTDPAHOHHE MOJYy WIA0 OPOBE—
AeEHe 3Tell rpaHMnH HA ypomHe I650 ¢ 50 wik. Xer. JlaHHHE, NOXy-
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geuHue J.U.Cazomom ¥ T'.A.Mypuso#t (I970) Rb-Sr HBOXPOHHEM
umeTogoM (IS560 + 30 mmH. ZeT) AAA IPEHATOR PANAKMBH, DPBYMUX CAT-
KMHCKHO® OTIOEGHWA, MOKAsHBADT, YT0 HUEHAs IPaHMnA DHfes pacmona-
raeTcA Ha Coxee ZpeBHOM (X0TA NOKA TOYHO HO yCTAHOBIOHHGM) JpoB-
H6. OnpezeneHHD® BHA WHWO ANA yCTAHOBIGHHA 5Tod I'paHMgH MMeeT Co-
cTap (asalpHNX 8iCKMX KOETI0OMEDATOR HUXHOro pudes, ¥ B YACTHOCTH
Ha/JM9Ae XOPOmO OKATAHHHX TaleK NPEeBHAX KPACHOMBOTHHX KBADIETOB
(zasEwe A.3,KoHEuRoBa ® J.B,TpaBdBa), [0 BHOmEEMY OGAMKY M IMOHE—
MMKTOBOMy COCTABYy OHH HE OTAMYMMH 0T NOKMMECKAX RBADIATOB K&DS Ik~
CKOI'0 KoMniIekca, WsydueEHe MUHEDANBHOH BOHANLHOCTM AUCKEX 0TIO-
XGHHMl NoKasalo, YTO OCHOBHAA MACCA 0DGJOMOYHOrO MaTepMaza Ooery-
naza ¢ sanajEol nuartfepmeEHolM cyme. Takum oGpasor, B HEXHeDHe -
CK0® BPOMA K 88najly 0T ypalbCKoll Ie0CHHEIMBANH, B 00IacTaAX CHoca
CyWeCTBOEHOS 3HAYSHUE MMEIM ZopudeliCKMe KpacHenBeTH, boiee Tou-
HO MX B03pPacT OOKA He 0IpejeleH, HO, CyAA N0 MBBECTHHM pa3pe3EM
KapeABCKOr0 KOMONexca8 PycCKoit naaTdopsmd, OCHOBHO® paBBMTHE EDACHD-
UBETH HMENT B BONCHM M MOZTMHEOHHE® - B ATyJMUCKMX O0TJIOROHHAAX.

B Gonee ApeBHEMX AoATYMACKMX KoMnaercax Pycckoit naardopru Kpac-
HOIBOTH HE MBBOCTHH, BospacT MeTaMopd¥sua BONCKAX 0TIAOES HUil
onpezenseTca uuPpoit I860 uaH. aer (MloaxaHos, I'epausr,I96I); Guus-
Ruit BospacT (1830, I940 MIH., JBT) UMeDT AvAOasH, DBYmMME DTH
0TA0XOHMA. MOEHO meJaraTh, YTO BOBDACT HHEHeH rpaHMnH pajes Mo-
J0Ke Bo3pacTa MerTaMopduBsua speBHEImMMX KPACHOLBETOR PyccHolt
naar@opu, TaKUM 00paBOM, HANMTME KDACHOLBOTHHX DPENOK HORMAH~-
CKOI'0 TMNA B 6A3alBbHHX IoDUSOHTAX DUPes UMeeT CymecTBeHH0e BHA-
YoHMe KaK ZJ7 yCTAHOBIOHMA NOA0E6HMA pudes B olmef cTpaTHrpadu-

- YeCKO# mKale NOKEMODAA, TAK M JMA OOpeZoN8HMA BepXHe¥ Bospacr-

Ho#f rpaHdnH ZpeBHelinero KpacHouBeTHoro ®©xiaa Pyccko#t naathoep-
MH,

B oTanuMe 0T I0OKSIBLHO Pa3BMTHX BA KEHOM Ypane HMUXHEpUHeil-
CKMX ToJm cpezEepudelickMe o06pasoBaHds MMONT 3HA WM TEALHD GoJ6e
uMpoxoe pasBuTMe H3 KxHOM W CeBepHOoM Ypane, TumaHe, Ba moXdy-
ocrposax KaHWH, PHGaus6M, 8 TAKEE B NpPeAeJAX DXHOTO CKIA7 W@~
TOT'0 06DaMJeHMA nIATPopMH. CTPaTOTUOAYECKHA paspes CpeZHerD
pupes Ba KxHOM Ypaze npejcTaBAEH TePPUTeHHo-KADGOHATHON mpMa-
THHCHKO# cepueil, K0TopEs 00pa30BAEA B HMXHE{l YaCTH MOHOMMETO-
BHMM 0GNOMOUHHMM NOPOZIAME BSUTE8ASIMHCKOR CBATH, CweHADNMMMMCH
BBO DX N0 paspesy EApPOOHATHe-CAAHIEBHMH H KapOOHSTHHWA HOpsaa-
MM BMrasWHO-KeM8PPBCKOM H &8BBAHCKOM CBMT. B KapOoHATHHX OOpo-
A8X 8BBAHCKOJ CBATH MBBOCTHH CTDOMaTOIMTH [B&icalia baicali-

ca (llaslov)] i muRpoguremurd ( Osagia tenuilamellata
Reitl,).
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TEAyROEMT 8BBAHCKOYA CBMTH uMeeT BoapacT I260 MiH. IeT (K-Ar)’
a jocPaTHN/ NOMOHT BETaJbTHMHECKMX KB&PUMTOB - I430 MAH., /BT
{ U= Ps).

Ha CepepuoM Ypane cpezuuit pudelt npezcraBAeH MOMBUHCKUMA K&p-
G0HA THEMM 06pA SOBAHEAMM W DACHUHCKMMM, NPEMMymeCTBOHHU CJAHIe-
BHME ToAmaM#, Ha Cpeparem TumaHe BoSpacTHHE 8HANOTH DPMaTHE-
CEOlf COpUM BHZEIADTCA B COCTABE YOTIACCKAX M CBETIMHCKMX TeppH-
TeHHNX OTNOXOHMI M UX BOBPACTHHX aHaJOroR B 60J66 BHYTDPGBHE#
80HE, - B npejenax pxHero o6paMIeHMs nAaT™jopMH cpejHeMy puden,
HO=BUAMOMY , OTBOUADT TAK HABHBA 6MHO 86I6HHe CIAHCH M I'payFaK-
K0BHO NDeCWEEKM Jlo6pyAxM, B IaTepaZsHOM HANpaBJje HUM DPMA THHCKARA
copHs BaMemaeTCsd B (olee BHYTDeHHeN 30HE I'6OCHHKIMHAIA TIAHOSO-
MECTHMM CHAEN&MH, 8 6L6 BOCTODYHO® — YeDHOCHEHIGBHMM KOMIIEKca-
MH .

BepxHepufeilickMe oGpasoBaBEMsg BECHMA MMPOKO pACNPOCTPaHEHH B
npezeI8X CEIAZYATOro 0OpaMIeHMA niaT@epuu Ha KxHoM, CpezHem,
CesepHeM, [puneuaspHom W [loxspHon Ypane, TuMane, KaHdHe M apyrux
peruosax. Ha ocHoBe MCTODMKE-TE0JOrMYECKAX, TFEOXDOHOIOTHYECEHX,
GHecTpaTUrpadu wCKUX Z8HHHX B BeDXHOM Dijee CKIAZUYATOrD 00paM—
neHMA Pycckell nzardopMd MeryT OHTH BHAGNOHH TPM yPBBHA Koppe.s-
[MM - HAXEMHA, cpepHuit, BepxHMi, Ocofoe BHAWHME WMEET BEHACKAaA
npoTocacTeMa.

HuxHEE ypeseHEs Koppeaauu (II00-950 MaH, I8T) 0TBEUAET RMI-
9aKCcKOR IpOTOCHCTEME C XADAKTODHWMA CTDOMAT 0NATAMM Jurusania cy-
lindrica Kryl.,Inzeria tjomusi Kryl,B ¢TpaToTHNUY6CKOM DaBpe3se
DxE0T0 Ypana KMOYEECKO# NPOTOCACTOM® OTBEYA6T HMXEAA NOJOBMHA
KapaTaycKoft cepus (BHABMEDAAKCKME, KATABCKM OTIOXeHMA). Ha
CesepHOM Ypale CHHXDOHHHO 0TIOX6HHA yCTEHABIMBALTCA B HMXHEH
w@erH Gy PKOTYMCKRR Cepud (pPAaCCONBHMHCKAG® M JOMAHCKHO OTIONSIMA),
a8 B 60496 BEyTDSHHEH 80HEe — B COCTAEG® MmeDMMCHoR CBUTH (AGIMBME
B AP., 1969). Ha Cpezbem TWuaHe KMNUBKCKOM npoTocUcTEME 0DTBE-
YWeT AXOXUMCKSH CBMTE., HURHAA rpaHMna NpOTOCACTOMH HBAAETCH
BOCHME U6THOft M yCTAHABIMBAGTCH B Opeaesax CKIAZAWTOrD 06pPaMIe HAA
Pyccreft nuatdopMs N0 KPynHOMy D8 TMOHSIBHOMy NepepHBy. Bepxhas
TPaHHOA MOHEe 0TUSTIMBA M ONPEASJIA6 TCA Ea 0CHOBe GiocTpaTUIpa-
(UIeCEMX M HCT DPUKO-T60A0THYOCKMX JEHHHX,

OcoGeHHSCTE O0TAGXGHUA KUNIBKCKOI® ypOBRHA BS8KIDYAETCA B pas—
BHTHM MOMENX APEKO03OBHX TONW M X&PAKTODHHX MECTDOIBOTHHX T6ppH-
rOEHE-EApPO OHATHHX OTHOXOHHM.

Cpeanuft ypeseEb Keppenanue (950-680 MAH. 76T) 0TBEWEOT TAE-
TEYyPOBCKOM OPOTOCHCTOMS® CO CTDOMATOJMTAME Gymnosolen ramsayi
Steinm., Minjaria uralica Kryl.,, Parmites conczesens Raab.
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Ha DxHeM Ypane B cTPaTOTHOMYGCKOM Da3pese TaHIraypoBCKas npe-
TOCHCTOMA BH.ADYAOT MHB36 PCKMO M MUHEAPCKHEe O0TIOXe HMA, Ha Cesep-
HoM Ypaze — HUXHDD Y4CTh HMB3BBOHCKO{ CBMTH, 8 TAKEKE BEJICOBCKYN
cBUTy, Ha TUmMane STHM 0T/OKeHMEM COOTBETCTBYDT BODXHSA 48CTH
GHCTDHHCKOM CBMTH M €6 aHaIOr¥ Ha NoxayocTposax KaeuH B CpegHeM.
PacnpocTpaHeHH 5T 0TA0ReHWA Ha [loaspHoM M IpumoispHeM Ypale
(Bexakoea, I97I). '

OripxeHMA TAHraypoBCKeM NIpoTOCUCTEeMH BU BHemMHe¥ moHe mIpe ACTAB-
J6EH Kap6oHA THHMM, GMOTEPMHHMM M KBPOOHATHO-TEDPUTEHHHMA TOAMAMM
C IIAyKOHWTOM, B0 BHyTpOHHe# 30HO pufeiickodl reoCHMHKIAHEAN -
0CaN0YHO~By IKAHOTOHHHMA KOMOAGKCAEMH.

TpaHMOH TEHraypOBCKO# NPOTOCHCTEMH yCTAHSBIWBADTCHA HA 0CHOBE
GuecTparurpaduyeckMx uccuezpopaHuit (Paadem, 1975; Kpuaos, I975)
M HMCTOPUKOD~-Ie 0N0TMYSCKHX ZAHHHX (BexKep, 1972).

BepxHM{ ypoBeHs Koppeasndd (680-620 MIH, N6T) 0TEEY46T TAK
HA BHBAEMOMY HMEHEMy BOHZY MIM HMEHeH w@cTH Kyzamckoi cepun (Hea-
mp, 1974; Kosnos, I975). XapaKTepHHMA CTDPOMATONUTENM ANF 0TA0-
XOHUE 2TOTD JPOBHA ABAADNTCH Linella ukka Eryl,H L, sinieca Kryl.

CymecTBeHHHM ZI7 BHJIGNOHAR PacCMATDHBAGMHX OTIOXOHAHE gB-
JAETCH KOMOJGKC MMKPOQUTOAMTOB, BKANUWADOME Osagia ukka N.Kryl.,
Volvatella vadosa Z.Zhur.,Vesicularites bothrydiotormis (Krasnof),

Vesicularites lobatus Reitl., Nubecularites abustus Z. Zhur.

OTMOREHAA STOTO YPOBHA KODDEJAINA BIEDEHE OHJIM BHESJEHH
B CTPATOTMANMYE CKOM Daspese pufes B BamkMPCKOM aHTUKIMHODMM HE
xHoM Ypalle B cocTaBe yKCHof CBMTH, [loBZHee MX BOBPaCTHHe aHAN0-
. TW OHaM yCTaHOBAOHH Ba CpezHeM Jpale B YCOBCKOM QHTUKIAMHODHH
M 3B I973 r, BuABAeHH Ha CeBepHOM Ypame B COCT2Be HHMB3BHBEHCKOi
CBM4TH. 376CH, B DNOPHOM pagpese B BOPXoBbaAX Boel.Kodwiua, Beme
CODHX ZONOMHTOB C KPOMHACTHMM KOEKDendaMA TAHraypoBCKoif mpeTo-
CLCTOMH B3J6rap? Z0IOMUTHBMPOBEHHHE MBBOCTHAKA C MHOI'0UWCIS HHH-
MM MMEDOQMTOIMTAMA, KOTODHE BHI6 CMEHARNTCA MACCHBHHEMM CBETIO-

CO DEMM 7 0MoMETAMH ¢ Linella ukka Fryl. (ompezenesude K.H.Ke-
HONKeB&8). BHABAGHMe BO3PACTHHX AHANOTDE JKCKAX 0TJI0XGEHU{t B
Kexso-BUuBpCKOM Kpae yTOUHAGT BO8PACT HAXKHMX I'OPUBOHTOB BEHZE

M EeppeasuMp 0TAOEeHUR Kaparayckolf M OypKowMMCEo# cepuii ImH0—
ro ¥4 CesepHere Ypana. lMpoke pacmpoc TPAHOHH OTIOEREHMA STOID
ropEsesETa EA [omdpHoM M [lpunolspHoM Ypale cpepu BepxiepudeiiCrEx
0CaA0 We-ByIKAHOrGHENX 00pasoBaHuil. HaBecTHH oHW M Ba CpejHeM
THMGHe, B BOpDXHE{l YACTH CHCTPUHCKOR CBMTH (0CeIKDBAs IOZCBMTA).
Taguu o06pasoM, BEPXHMHA ypPoBOHE KOPPelALMM BHAGMAGTCA B P8 3HHX
TANAX DPABPEBEB (76 PPUreHHO-KEDPOOHATHHX, KaDGOHATHO-T@ PPUTOH HHX

U 0CaZ0YH0-ByIKBHOTGHHEX), BepXHas IpAHMNE BTUX 06pABOBAHUI B
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Cxema KoppeJAudd ICKeMOpUA YpaabeKoit
Crpararpajnyeckas mRaga Hoppe nA1 oHHaA
llporo|lpoTo - [Iporo~ 3oTon- 5 Ypansckan
oot | TPYINA |CHOTeMAR, apa0n| B DamxapcKAll aETAKIMHODHHE
MIH.JIOT| © (3amamHoe KpHIO)
3UraHcKad CBETA
480 M
Kyprypaykckad CBATa
240 M
BacmHCKaa cBATa
5 E 570 MiH. J6T 800 m
X £ |YpokcRad cBATA
& g 200 M
A bakeeBCRaAg CBUATA
625 MiH. ZeT. 140 M
: o |||1]]
[=3 —
A YRcRas cBATa
610-650 mm. JeT. 240 M
- - B = MEHBADCKAA CBHTA
*§‘ %5 670-760 MIH, 6T 600 M
“ %8 E WH3epcKaA CBATA
T8 | oo | B [870-930 wm ser 640 M
i & |HaraBckaa cmuTa
& S‘ 965 MAH. N6T 600 M
g§ SUIBEMEDIAKCKada CBATA
g 2000 M
1100 _E
& |ABasHckas cBuTa
a % |1260 wmH, J6T 1800 M
) Z |3ArasmHO-KOMApOBCKasA CBATA
& & 1600 M
S |3MraJbrUHCKAas CBHATA
1400 |&' [1430(U=Rb) maH. Z6T 800 M
1430 (0-TR)[1570 (Rb-5x)
T DAHATH-paNaKuB
5 Faranwsckad cBATa
g = 1400 m
o
= E CaTKMHCKaA CBATA 2400 u
cBaTAa
e <1l s 2200 u
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n KaBKasCKolt CRISIYATHX CHCTEM

PeTMOHANLHAA CXeMa

CKRJIanyaTad o06IacTh -Kanxascggg -~
5 5| NomomoBcRoe mOmHATHE Brmepcruit
) e HT auvaxmHOpa#i | DEJACHHCKAA SOHa
KpacHonBeTHHE
KOHTZIOMEDATH H
mecuaumRE 7200 M

]

Kovemopckas cmaTa
II00 M

WnBABOECKAA CBHTA

620-640 mmH, JeT 800 M|

CpenBeuypouHad cBATA
680 M

I Yypounasa

660-690MmmH, a7 II00 M

e e
Yereuypounas cemTa

3000 M

L olipioie i L2
UyBanbcKad CBATA r ]

Ypremcrasa ceaTa

1500 M

HesrBeHCKaA CBATA.
BepxHsasa (paccoxuHCKan)
| IOTCBATA 300 m
Hun3rBeHCKAA CBETA.
Huxuaga nomcsaTa

E 775 MIH. J6T 900 M Bexcoscraa cauta
[+]
E JleMRHCKas cBATA
N ™ ‘
3 |Tomma cammsHEX
I'E; 860 . xeT 250 M 2500 ng CXRHLSS
PacCcoNBHHHCKAA CBUTA |HmepMMcKas CBETA EE‘Tom KBapIATOR
__|862-927 wmH.zer 300 M 2500 w33 300 u
e W N DR A e
MolienrCcRan caaTa a mmslcmnaal
[+ ]
700 m|® .| MamknscRag
PacruHCKas c;mra E‘W
900 Ml q8lcamra 600 ™
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npeze IaX CEKIAzwRTOro efpamieHms Pycckol nmardepne Becrva 0TVRT-
HHBA M ABIFOTCH 0ZEOHM M3 Hawdomee POSEEX rpaHEN pHdes.

Berj BHpieneE 3nepmse B,C.CokonosuM 3 e0Beme BauAsiiCKoRt ¥ Bo-
AHHECKOH cepuil, OTHOCHTeAHHO CTpATHIrpadMUBCKeI'e MelNOXOHHS BOHJA
BHCK&88HH Dasuy yHHe OP6CTABNGHNA, DACCMATDHBEDEEE BOHZ B Co-
crame RoMOpDHEF, nazeoses, QaHepesos, BepxHers pudes, T6DHHEEIL~
Bore pudes mam BeHieMus. [o mEeHu® B.C.Coxoxzoa (I964), BeH;
"gTRevaeT 5TANY, COHBMODHMOMY C IOOJOTMWCEMM DOpPUaZOM".

CymecTseHEHO® BHAWHMO AAf 060COCIGHHE BOHJA OPMEGPOIH 9T-
new TEM Metasoa ®AHAEADCEOrO THNA H CEP600DABHHe CH6ZH XMBHO-
JeATeNBHEOCTH. CX07HH® @pPraEHVeCENe 0CTATEM OHIR 0CHADY MOHH B
B6PXHEX repuscHTax pudes CemepHere Ypana (BeEMep M ap., I975).
TagEM oGpasoM, OHEA OeXy WHH NeDEHe NANEPHTONOIMY2CEHEe J0Ka38Telb~
CTBA CHHXDREHOCTH 0TIOXOHHY BeEza [IpUAHOCTDOBRA W BODXHHX IopH-
80HET0B pudes CpejHere ® CepepHers Ypaza.

BeHaCKME O0TIOKeHHS HBBECTHH HA RxHoM (amMECKas Cepdsn),
CpezHeM (cHiBMnKAs cepun) M CesepHoM (dypouHas cepua) ypaie.

B HMxZHeH YACTH DTMX OTIOXGHMH Ha Ypale BaIerapT AMSMHKTATH
(BOpXEM® THINUTH ¥ TUAAOUZH), KOTODHO CMOHADTCA I'DyC036PHACTHME
TOPPUroHEHML 0TIOKOHMAMM, MHOIMMM HCCI6 ZUBA TONAMM TUINUTH OpH-
HMMapTCA 88 08 B8JAEEEM TepHBOHT BOHZA. B mpeZesax CKIAK WX
e6nacreif pudes nozoGHAA KOpPPeJNALUME paB3pe38B OCHOKHAGTCA HAIu-
YHeM HOCKOJBKMX PASHOBOSPACTHHX IeDUBOHTOB TUINATOB H THILIOM-
A0B (Mmagumx, AGamusuE, I967). B CEfsd C HTMM BOBHAKAOT BOIPOC:
00 KaKHM THILIATAM TPACCHPOBATH I'PAHMNY BOHZA? B 5TeM OTHONOHMM
HAMGoAbWEe BEMMAHEE 38CAYXUBA6T yPOBGHD BOPXHAX AMAMMETHTOB
(KpHBOMY HCRAX, CTAPONEYHHX M CpOZHS [yPOouUHHX). Keppeagmus me
HEXEMM THIIMTEM HeONDABNAHHO pacCmMpAeT 06BOM BOHJCRHX 0TIOXE-
Buit,

Bo BHyTpeHHe# BscHe ypana, B MBO0MMPOBAHHHX MyZAbZ8X M rpade-
HaxX, H3BECTHN BOBDACTHHE 8HANOIM BTUX DTA0E6HMWHA, I'jle C HAMHA
CBABAHH NpAABIGHAE CYGCEKBOHTHOr'D MaruMaTusMma. [domumo Ypaza
BOHACKEO O0TI0XOHHA WBBOCTHH Ha Kaskase (ypAemCEaA CBMTA) M B
npeaenax runepdopeficKoit M remdguiicEoff CERaazwETHX edmacTelfl,

Koppe manus HeKoTopux pufeHCKEX paspesos CKIAAYATOrD 006paN=
nenMs PyccHoMt naaT@opuH npuBeZieEs HA CxeMe, beJee AeTaibHAs
Cxena NpuBesieHa B KHUTe "JoxeMOpui#t Pycckei nimTdepus U ee
CKIAZIYBTOr0 06paMASHMA",
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PyCCKAf I1JATQOPMA
QraoeHEA BepXHero AexevMGpda (pufes W BeHJE) WMPOKO DABBMTH B
ppezezax Pycckoli nmardopwu, PufelickMe o6pasePaHME B CBEEM pacopo-
¢cTpaHOHHH CBARAHH CO CnenM@u yeCEMME IpaceHeeCpasHHMM IpPOTUOa MM
(aBIAKOrOHAMM), 8 BOHACKNE - WMDOKMN NASHMGM NPOKPHBADT HO Telb-
K0 30HH pasBMTHA DUPOACKMX o0paseBaBMil, Ho B 3HAWATONRHHE HpO-
CTpDAHCTBA KDHCTAIAMYSCKAX WNUTOE M MACCHBOB, DasAeNARNMe DHdei-
CKHO NDOTUOH (oM. DANEOTEKTOHAYSCKYD CXBMY).

HauGoxnee noNHEHe paspesH pudes (BMZEMOR MOMHOCTED OKOXe 5 HM)
yCTaHOBIOHH BA BoCTOKe nuarjopus, B KaMcko-Beanckem M Cepruemcke-
AGRy IMHECKOM OpOTrH0ax, I'Ae 000COGAADTCH KHPOAHCKAR CODHA HEXHE-
ro pufes M WEMAARECKAA CODHA BepxHers pudes (CoxoHne® H Ap.,
1966, I975; flIkoG6ooH, I968; Cunnrmon, ArceHos, I969; Moposes H
ab. , 1972).

TunopHe paspesH KHPNMECKON CepPHM BCE[HTH INy0 oHMMU CHBAXMEE-
MM B neHTpaIsHO# wWcTH HamcKo-BelInCKoro nporu6a. B cTpooHME ce-
PHE NPMEMMADT yuACTHO apIAHCKAHA, KalATACHHCKAS M HA @XM HCKad
CBUTH, YCHOBHO K DT0it CODHM B KaYeCTBE 66 (&4B4JNBHOI0 WI6GHA O0THECE-
H8 TOPOWEBCRAf CBATA, B3aMMOOTHOWEHMA KOTOPOH C apAaHCKOR CBATOHR
H@ BHABIEHH,

TopOWOBCKEA CBATA BCKDHTA OyPOBHMA CEBAXHHAME B palioHax, Ipu-
ZerepmEx K Beare-HamcroMy mATy., OHA CJA0¥OHA B OUCHOBHOM KpacHo-
_OBETHHMM [ECYAHARAMH C OpPOCIOAMM TDABEIMTOB, KOHIAZOMepaTos,
8I6BPONATOB M BPTHILAUTOB. BospactT mopfupuToB, BCKPHTHX B HUXHOU
W@CTH CBUTH B Kygykose, 1650 mau, mer (Tappuc, Hocraures, I1970).
BeRpHTas MOmMEOCTE CBHTH 683 M.

ApnaBECKas CBMTa OpeACTAaBIeHA YACTHM YePeZ0BaHM6M TOMHONBE T-
HHX @PTMJIAMTOB M 8I6BPOJATOB C NPOCHOAMM Mepreineii, ZOIOMMTOB M
MBBECTHARDB, MEOTZA MNECYAHUCTHX ZOJOMHTOB M MeCYaHMKOB. BCEpH-
Taf MOWHOCTH CBMTH 993 M. Ha wro-sanane Bamkupuu HdxHed Kaplo-
HATHO-TEOPPMIOHHAY To/me apIAHCKOM CBUTH cCeBepo-3anaja DamEMpHM,
BAAVMO, 0TBOYAGT OCHOBHAA 4Y8CTH KuzamcKoi cepud (CenoEnes H
Ab., I975).

KanracuECREs CBUTA CHfA38HA MOCTONEGHHHM NEPEX0AAME C apHaH-
CKoZZ cBuToM., OB8 BCKDHTAd H3 MHOTHAX NIOEAZAAX BamKApMM, Y AMypP-
THH ¥ [JepucKolt p6IacTH., B €6 CIOEEHHM NDUHAMADT yYACTHe KpuC—
Tala4 YeCKME H NeauTo-MopPHHe NecTpPONBEeTHHO, MECTAMH OKDOMHE-
JIHe ZAO0NOMUTH, U30TOMHHY BospacT racGpe-zuMadasos, DBYMAX Aolo-
MeT, I0I3-I195 MmaH, ner (Tappuc ¥ Ap., I967). MomEoCcTs CBi=-

TH z0 1666 M.
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HazexpuBECKAs CBUTA BOHYAOT paspes KHpOMBCEOH cepuu., OHE cuo-
EEHA N6CTPONBO THHMH PAMHMCTHMA QN6BPOIWTEMA M SPrUJIHTAME, DExs -
N6CYBHMKANKE C NPOCHOAMH ZO0AZOMMTOE M Meprezei, MomHOCTE CBATH
7ie 367 M.

TopomeBCKaA CBM 'A sanajEol BaukMpHE 0o CBOOMYy NOZOMeHAI B pas—
pese M XNMTRNOTHW ChEM JAHHHNM X0DOMO CONOCTABHMA C YYyXIUONCEOR M
ApeHCKof cBUTAMM CoaMralMuCKo-fpeECKero nporuta, CGopescKoll CBE-
Tolt CepruescKo-AGy IMECKOT0 nperikda, HEMxEell wacTHD aficKeld CBH-
TH Cype8AHCKeH CepDHH S8NAZEOre CKX0HA DxHore ypaza, ADIS8HCKEA CBE-
T8 KHPOMHCKOM CepHH BoCTOKA nAaTHopMH no HaGopy Hopol M OPA0ReHED
B paspese 0YGHL HANOMUHE6T 0TDOrOBCKYD CBHTy PasaHo-CapaTeBCROT0
nporu4éa, BoAeroACKYD CBMTy ColdraiMvcko-fipeHCKOrs Oporusca, BEpOI-
CKyD CBMTy JlemyKoHCKers nporuda, BODXHDD 4YacTh SUCKoM CBATH (Oyp-
SAHCKOM cepuM ypana, 8 KAaITACHHCEA; M HaZoxZMHCKER CBATH BTOH xe
CapHK - b HOyDAJABCKHO CATKHHCKYD M OAKAIABCKYD CBATH. HuxHepudeit-
CKUJM B03pECT NEePOUMCIOHHHX CBMT NAATHOPMH NoZKPenAgeTCHA HBE8TOM-
HHMA Z@TMPOBKAMH IASYKoHMTOB apisHCKed cmuTH (I470, ISIS-I539
WAH, 7eT) W rac6po-zauacascs (I420 uiH, Xer), mepecCeXaWEAX HaZe=-
JMHECKYD CBHTY.

B mopogax apaAHCKe{ CBATH oNpejeNeH HMEHeDHPeUCKMR KoMINEKC
MUEpOQUTONMTOE., B KaATACKHCKO# CBMTO NpHCyTCTByeT BODXHe pHpeit-
CKMR KOMONOKC MAEDPOQUTONMTOB, YTO HEXOAMTCA B OPeTUBOPO WHH C HCTe-
PUKO=-T@0JOTHYOCEMMA ¥ HBOTONHHMA ZAHHHMM 0 HMxHe pEQeiiCEom Bospac—
T 9TOfl CBUTH, ’

JdmmMa IMECKAA COPHA HA BOCTeKe NiaTdepuy TPEHCIPOCCHBHE 06pe—
LPHBAGT DABIMYHHO® CHMTH KHDNMHCKOR CepuM, 8 MeCTANM - Hemecpez—
CTBEHH® KDPUCTaANMYECKHH QyHZBMEHT.

Jymuuit paspes cepud BCEpHT Kym-Kyasckoll cksaxmueif e I00. B aroM
paspess cHHBy BBepX BujeneHn (MeposoB ¥ ap., I1972; Moposes, CoXok-
noB, I974):

I) TomaHCKaA CBHTE, B HMXHeH vacTH (62 M) NOCYAHEKM KBEDIBBHe,
CBOTIO-COPHO, B BepDXHelt wacTW (405 M) NoleBOWNATOBo—KBApNEBHE,
CBETJO-PO30BHE M KPACHOLBETHHO C NPOCHOAMH 8A6BDPOAHTEB ¥ 8pPral-
JAMTOB, (OmAA BCKDHTAA MOHMHOCTE CBHTH 467 M.

2) CezAmcKas CBMTE, APTUIIMTH M @N6BPOJMTH NECTDONBOTHHE C
NpOCIOAMM Mepreneit ¥ aoXoMHToB (607 N).

3) Kym-Kynscras ceura, [6CUEHMKM KBApLeBHe, B HAEHOH# WCTH MMK-
POKIMHOBO-KBAPLEBHe KPACHONBOTHHe. B BepXHel WCTH 0TMEWH mAacT
TydPuToB M TyPonec WHMKEB MemHEOCTHD 0,5 M. MomHOCTH CBMTH 856 M.

4) Kyapckan CBMTA. Yepeji0BAHW® APrHIAMTOB, 8NeBDOJHTOR H Ne-
CUBHUKOB, OPOCHOM Mepreneil ¥ zonoMHToB (367 M).

202



5) MraEpuBECKAR CBHTA. JIONOMATH 36J6HOBATO-CApHE, B BE pXHei
YACTH C OpPOCAOAMH IIAYKOHUTOBHX N6CWWHWEKeR, {soTonHuil Bospacrt
NeCYAHUKSB N0 IIAYKOHMTYy 820 MIH. ZeT. MOMEOCTH CBATH 82 M.

Ha wre-sanaze BamKUpMM aHANOraMd HMEHAX TpeX CBUT ABAANTCA
COOTBETCTEOHH® TyKAeBCKas (HMXHeCepaQUMOBCKas), 0JBX0BCKER
( BmepxHecepaduMeBCEAf) M 16 0HAZ0BCKAA CBMTH C0A0BLEBRMHCKOM
CepHH.

Poaswas 9acTh WMMMAIMHCKOM cepud (B o(DeMe COJ0OBEEBKMHCKOH
yactd 5Ted cepuM) Oo CTpATMrpaduySCKEMy NOA0OXEHANW, yCIOBMAM B3 J6-
raHMA, CTPOGHHD M NmeTporpadMyecKMM M@HHHM BECHME CXODJHE C pTW-
MOBCKO{ M NHHECKOZ CBMTAMH COMOBCKOM cepum PasaHo-CapaToesckoro
nperuoa, ¢ PyAHAHCKOX M opmaHCKo# cBMTAMM Oeiopycckolh OpwaHCHoH
BNajKHEH, O0AGCCKOR CepMeil BoJWEM W MOC@EBCKON CBMTOH ceBepa Pyc—
CKol naardopmH. B [6ZoM TMOMEIMECKAA CODHA BOCTOKA naaThopuu

crpaTdrpadu e CKM noAo0Ha HMxHed, KMNWKCKOH wACTM BepxHero pudes
BanajiHore ckioHa UxHore Ypaia.

CymecTsyer, 0jHaK0, MHGHME M 0 cpejHepupelickoM BospacTe cepa-
($UMOBCKAX CBMT, OCHOBAHHO® HA TOM, YT0 OHM COKyTCA Zaiikamd rad-
Gpe-anadasoP ¢ MBoTONHHM BospacToM II20 une., xer (KupcsHoB,
I1970; Meopeses ¥ ap., 1972).

CpesERil padell yoraHeBASH B HPErU0ax NpeHMymeCTBEHHO 3aNaZHOID
cerues?™ niaTdopmi. K sTOMy ypOBHD 0THOCATCA BYAKEHOIe8HHO-TEppDH-
reHEHE 06paBeBAHHA KpecTenKeo#l (ceBepHas uaCTH BouuHe-KpecTeLEero
mperuda), caaMmuecKeid (Jlazoxckuit mporud), caxpsepcKeit (OHers-Kam-
AATAKECEME Oporud) CBAT M MoTHAR [Beyunm # QUERAHAMM, O BHdysu-
BAM KOTOPHX MUMEETCH COPHAS OOpejeleHHsA MBUTOOHOrO BO0SpacTa ofT
1295 ae 1500 mnH. neT. BesMoxHO, Wweo K cpejHepufeldiCKoMy ypPOBHD
OTHOCHTCH B WOPOBHUCKAs7 CepHA BeNepyCCHH.

NoxENe gHEAOTM CpejHeit M éapmei yacTell BepxHere puges UxHOrO
Ypaza B npezenax Pycckedt naardeopun pasBMTH IM@s B PasaHo-Capa-
TOBCKGM OpPOTMGe ¥ 9TBETADT NEPOCHOKMHCKOHA M O896JMCKON cepusM,
KOTOPHO® MHerza 00DOAMHADNT B MyIraveBCKHM KouOAexc,

llepeCHNRUHCKAHE COPHE C DABMHBOM B38J6T86T HA paBHHY TOJMWEX Co-
MPBCEOR copuHM, B cocTaBe 66 mpoclexEBADTCA CHHBy BBODX:

I, Upresckas cBMTA, [IAyKOHATEBHO NOCEHHEM M AISBDOIMTH C
HBOTONHENM Bespactom 830-995 mMuH. XeT (I‘applc H AP., I973); Mom~
HOCTH CBHTH 219 250 ¥.

2., BemHHECEAfA CBMTA. JJeJ0MHTH C BKANUYGHHAMM KpeMHe#, C MHEDO-
(Guromurave "rperherc" Koumnuerca, MomHocTs cBUTH A0 I08 M.

3, CexpeTapKMHCKAA CBATA. YepejioBanue meprendeil (¢ "weTBeprTHM"
EOMINEKCOM MUEDOQUTONMTOB), APTANNMTOR, ANEBDOAATOR M [16CWEHUKDB
(132 m).
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Ha pasaM4yHEe CEATH MEPOCHIKMHCKON CepPMM C DaBMHBOM HaZeIaeT na-
yeaMcKan cepus (Kneenopa, CoxoHyos, I960), OHa COCTOMT U3 BejEHANU—
HCKo#f (nepeciauBaBue CepOLEeTHHX 4PTUANATOE, ANEBPOAATOR M NeCE-
HMKDB, 20 270 M), BrpoHCKo# (KpacHouUBETHHE MECUAHMKH, 70 371 M)

M KpacHoosepckoll (I peciauBaHMe CepOLBE THHX &pTUANMTOB, &J6BPOAN-
TOE M NOCYAHMKOB, A0 2I3 M) CBHT.

B Apyrux vacTAX nuaTd)opMH GOJBNER Y&CTE OyIayeBCKOID KOMIJEKCE
He ycraHosiesa., Jums B OpuaECKoil M Jlas0XCKoll BNazWBaX passBuTa Tol~-
W3 Z0AOMATOR M AOAOMMTOBHX NOCYaHURUB (JNANKYCKER M NpPUASZPECKAR
CBHTH) C MMEPODMTONMTAMM "YoTBEDTOTO" KOMONEKCE.

B cocrase BEHZA 0TWTJIMBO 060COGIANECH BUJILYEHCKAA, BOJHHCKAHA
¥ Baxapaitckag cepud (Bpymc, I957; Maxmsay u ap., I977).

BunrwHCKAs Cepus ycTaHoBIeHa B OpmaHCKOW BoajMHe, JaZoxCHOM
W PasaHo-CapaTosCKoM Nporudax. B noclezHeM oHa saleraeT HA BOPOH-
CKOA CBATe NAYEINMCKOl CepiM, 8 B NEPBHX ABYyX - HA JaNMUCKol
( npuzazomcxolt) uam epuwamckeit csaTe BepXHeIro pufes. Cepus clioxe Ha
TAINATAMA, QANBACTAALMEIBHEMA [06C WHAKAMA ¥ JUMHOTIAOMAIEHEMY ,
TOHK0CIOMCTHNA 8I6BPOIMTO~TAMHMCTHMHA NOPOZSMHd. MOMHOCTH CEDHM
AoccTuraeTr 400 M.

BomiHdcKas cepUA pasBMTA B BONWHCKoit BnajuBe. 3Z6Ch DHA B 0C-
HOBHOM ciloXeHa (asanpTaMd M UX Typamu (GepecToBenKan WAM parail-
wigEas CBMTA). MomHecTs ee A0 500 M. B nenTpanasiedl yacTd BpecT-

CKell BnapMEN cpej¥ (asalbToB 0TMEeYanTCs 20ysMBy MW TYPH cpeamere
cncTaBa., B OCHOBAHMM CEDUM NpPOCHERMBAETCA Touama (MOMHOCTED 0KOJOD
3( M) apKOB0BHX NECYBHMKOB ¥ I'DaBeIUTOR.

B BaapaiicKoe BpeuMs Ha Pycckoit nuarTdopume NpoMCX0zUI0 pe3Koe
pacmupesve oGAACTE! 0CAZKOHAKONAEHAA ¥ QOPMMPOBSHME TEKMX KDyIHHX
CTDyKTyp, KAK B6pXHeKaMeHCKas, lixkanoBo-IluxaHCKasd, JbBOBCKO-KuuH-
HeBCKag BnaZMHEH ¥ MoCKOBCKAsA CHHeKIKsa. MOmHOCTH CeDHM HA nepu-
Qepur nmrdepun (IpezneCpyzxse i [lpurHmanse) gocturaer I500 M,

& B [OHTDANbHHX €6 YacTAx cokpamaerTcs Ao 300-I00 .

B napacTpaTOTMOMYECKOM DAaBpeae CepUM npuecesol soHH MOCKOBCKOI
CHHOEIMBH B 66 C0CT@Be 000CO0AANTCA CBATH (CHM8y BBEpPX): NA6TOHSB-
CKas, JCTL-NMEeXCEAA, ADCMMCKad (KOTIMECKAA) W DONMUHCKEH.

I, [lneTeHeBCKaR CBHTA DASBMTE B NOHUXEHUAX ZOBANZAMCKOre pels-
epa, OHa ca0X6HAE aNeBPOAMTAMA, BPTALIMTAMM, KOHIJIOMEDETAMH M Tpa-
BemuraME (Ze 80 M).

2. YCTH-NHHEXCKAA CBMTA B NpPOJ6JI8X CHHOKIMBH N0ABByeTCHA Hau(o-
IBMMM pECOpPOCTpAHeHMeM, B €e CTpUeHMM y W©CTByLT TEMHOLBETHHS W Wo-
K0I87H0-KO0PMIH6BHE 8DTMIMATH ¢ NPOCAOAMA 8/I6BPOIHTOB M NEC W HMK 0B,
B cocraBe CBUTH NPOCAGXHABADTCA TDW XB DA KT PHHX ByJIKaHOI'eHHO-0CaZ0Y-
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HHX I'OPMB8OHTE, CHOEGHHHX Ty(puramu, TydoapruandTami, N6IA0BHMY Ty-
famMi M MOHTMODMIJOHMTOBHMM riaunamd (AKcexnos, Boaresa, I969). K
YyCTr~NMHEECKD CBATE® NpMypPoYeHH BCE HAXOJKM MATKOTE JHX OPIGHMBHODB
faysu (Kemmep u zp., I974). lisoronuuif BospacT mopoj CBATH Mo IJayKo-
HATy (Hanyra)paBeH 596-607 wmad., aeT (Tappuc u Ap., I967). MomHocTs
CBUTH ziocTureeT 350 M.

3. JloGuMcKas (KOTAMECKaA) CBMTA SaJEraeT HE P& 3JM HHX 118 YKax
yCIh~NMHEECKO] CBMTH, & HA 830876 CHHEKIWBH — HA MOPOAEX KpUCTA -
I4yecKore (yHzaMeHTa. CBMTE NpEACTABIGHA B30M6HONBE THHMM M NECTPO-
LBOTHHMY 8J6BPOIMTO~aPrUAIMTOBHMY M NEC Y HUKOB 0~aJeBp0ANTOBHMK Na U=
Kamy. lsoTonEH# BospacT no raaykosury 600 MaH., ner (Kexmnep M zp.,
1974). MomHocThs CBHTH Z0 490 M,

4, PeIMMHCKSF CBUTA CIOX6HS KPACHOLBETHHMY MOAMMMKTOBHMM M KBap-
[OBHMM llec \HYKEMM, ANEBPOAMTEMA ¥ apraimirami. MowHocTs cBETH 500
U 0066 METPOB.

Ha oCHOBEHMM LUKIVYeCKOT0 8HANMSA NINOTEHEBCKEA M yCTH-NMHOXCKAA
CBUTH 06DEAMHADTCA B DEAKMHCKYD MOACEDPHK, 8 NOOMMCKAHR M DPOuMKHCHEfA-
B [0BAPOBCKYD NOACOPUD,.

Takue e OCDOGHHOCTM BaJeTaHMA M YOeTHPEXWIEHHOE CTDDeHMO UMeeT
Basnafickas cepus BepxHeKaMCKult Brnazubd, I'Ze B 66 COCTaBe BHASIADICA
KHKBUHCKEA, BepemArHHCKAs, BOIBHHCKAA M KpacHOKaMCKas CBMTH (Ker-
nep 4 Ap., I1974). B npezenax JsB0BCKOo-KMuMEGBCKON BNajMHH SKBMBA—
IeHTAMH BH7@ AGHHHX M0APABJL6JNEHAN ABISDTCA: DEAKMHECKOM yacTH Ban-
zalicKofl cepud - ApHNEBCKAA M HATOpAHOKAan ( KAymaHCKAR), & OOBApOB-
CKO/l yacTM = KaHHJIOBCKAA (KaTialyXCHARA) ¥ CyBOPOBCKAA CBUTH (AK-
CAHOB M ZAP., 1974). Ha TeppuTopun BOMEEHM, DIo-3&M87HOTO KpHIE
MOCKOBCKON CUHeRIUBH M HA CeBepo-sanaze PasaEo-CapaToBCKoro mpo-
ruda Badpalickag CepUs NOACTPANBAGTCSA CHUBY CBMUCIOUCKOHR (3y6oB0-
OoAAHCKO#) cBuTodl TyQoreHHEHX necwaHUKOB X aneBpoaudTos (AxoGcoH,
1971).

OTIMYMTeNbHAS OCOGOHHOCTH BepXHeGaBIMHCKOTO paspesa llrkanmoso-
llnxaHcrolt BIAIEHH IO CPABHOEHHD C paHee ONNCAHHHMA Da3pesaMi Bal-
naltckoft cepHM - NOSBJIEHME® BHNE KPACHOIBETHHX MNECYAHHKOB HAXHE-=
mramoBcrol (pemvmECKOll) CBATH BHOBb 3€JeHOLBETHOR TOMUM mepecia-
aBan#g. CONOCTABJeHA® BepXHeGamiAHCKOR # Baanafickofl cepait ocHO-
BHBAeTCA HA NDACYTCTEBRE B BODXHOKAHDOBCKO CBATE NEILIOBHX tydos,
J@HHHX H30TOMHOrO BospacTa (595 MiH. 6T MO IJIAYKOHMTY M3 BEDXHe-
KaupoBCKOE CBATH) H HalAIM# B BODXHEGABIMHCKOR cepmi BajmacKoro

KoMmIexca MExpodocommmit,

B npegenax MocxoBCKoM CHEeKIMBH W JsBoBCKO-KumnHe BCKOM BO&ZAMHH

Banzafickas cepud HECOPIACHO NepeKpHTa CaaTuiickell cepuell, oTHOCH-
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dopus, - "Cos. reoaerua™, k 2.
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[laneoTexToHMIeCRasA cxeMa Aaa puder M Bexjaa Pyccko#t naa rdopmu
(cocrasnesa J.®,CouoEqoBEM, E.M.AKCEHOBHM)
[laze oTe KT 0HA JBCKHE 27M6MeHTH pudes: I - mUTH, MACCMBH: &8 - ycTa-
HOBAG HENE, 0 — OpeAnoiaraeMmne, I - Baatulickui, 0 - Duruiickull,
Il = Boaro-Kamckuit, IY - BopoHexckuit, ¥ - YKpauHCKMHi; 2 - rpadeHo-
o0pasHHe NpOTMOH: & = JCTAHOBJAGHHHe, O — Npeamonaraemde. I - Jla-
nexapmafickuit, 2 - BoTHWvecKe-BaaTuiicruil, 3 - OHero-KaHjaIBRUCKUi,
4 - JemyxoHCKul, 5 = Jlazoxckuii, 6 — CoaMramiucko-flpeHckui, 7 -
BaTcKuh, 8 - Jlarcko-llenscKkult, 9 - BoinHo-KpecTnosckuit, I0 -
KamcKo-Benscruit, II - PasaHo-Caparosckufl, I2 - CepruescKo—AGHy IMH-
cKuil, I3 - Boasme-JloEGacckuil, I4 -~ JloEo-Megsezunxuit, I5 - OSHEKGEB-
CKD-Y TBUHCKEMHA, I6 — BacKyHw@KCKo-HoraiTMucKuli, I7 - OBpydIcK4R
[lane0TEKTOHMYECKME DAEMOHTH BOHZA: 3 — CHHOKIMSH 4 BOSZMEH:
A - MoCKoBCKaA CHHeRAA3a, B - BepxHeraMckas KpaeBas BlazuHa, B -
JsBoBCKO-KMuKXEeBCRAA KpaeBas BrnajuHa, I' - likanoBo-llMxaHCKas
BHajuHa; %4 - CRI4ZW\THE CoopymeHMm Kapnar, TopHero Kpuua, HaBka-
88, ypama; 5 - BHXOAH 0TJ0X8HAN BepxHero ZOK6MCDUA B 00paMEeHHHN
nJA rdopun
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B.Mi.K 0 3 & 0 B (CCCP)
PUQENl YPANTAYCKOI'0 AHTUKJIMHOPHMA

VI.Eoz1lov (USSR)
THE RIPHEAN OF THE URALTAUSSKY ANTICLINORIUM

BepxHeZeKkeMOpuiickHe 00pasoBaEMA B npezenax I'opHoil BamkupuM saHu—
M80T SHA WTENbHHE OAOMAZM, B CTDyKTYDHOM OTHOWGHAM COOTBETICTBYK~
mAe DamsupCKoMy MOU8HETHEAMHODED B JDAATAyCEOMy 8HTUKIMHODPHD.

Paspes BGpPXHEr0 AOKeMOPHA BanajHOT0 KPHIS Da@KKMPCKOI® MEraH-
THKNMEOPUs DEHOTD Ypala ABIFETCH CTPaTOTMNMYECKHAM ZuA pugedcKoli-
rpynns, PasBMTHE BASCH TEPDPUI€HHO-KEDOOHETHHE OTIOXOHMA B COOT-
BETCTEMM ¢ OuocTparurpafuyeckoil ¥ pazMoIOrHI96CKO# XEpPEKTEPUCTUKSN
U OUKIEAMK COZMMEHT&LMM [OAPASZeAANTCA HA HMXHMU, CpeZHMH, BepPXHMi
M TepuMEaIBEHI puPel (Kemmep, I973). C oTMM paspesaiM KOppeAMpYDT-
€A B pasJaMyHOf CTONEHM MeTEMOD)H30BEHHHE 00pABOBAHMA BOCTOUHOID
KpHIa BAUKMPCKOIr0 MOPAHTHUKIMHODMA M OTJOEOHMF YPaATAyCKOTOD 8HTH-
KIWHOPHA.

Ypaarayckull aHTUKAMHOPUR, OpocTHpavmEics B mpeaenax DamKupuu
B CyOMepHAMOHaIBHOM HanpaBJOHMM B BAje CIa00 BHOyKAOM HA Bamaj
AyTM NPOTAEKEHHOCTHED OKOXO0 400 KM, HE BCOM CHOGM NPOTAXEGHMH 0T
C.HKupaCGMHCKOr0 Ha ceBepe 0 WMPOTHOI'OD KoJeHa p. Ypam (Opcxui
Ypaz) Ha pre XapaKTepUsyeTCHA GCHMMETDMYHHM CTPoeHUEM. 3anazHoe
KDHID CTPYyKTypDH nojXoroe, 4 876CH HAOIDAAETCA HaMOO0AE6 NOJHHMA pas-
pes cuarapmEX 6ro NopoA; BOCTOUHOE KDHID Golee KPyToe (40—50")
M MOYTH BA BCEM NPOTAXGHHWM CpPeBaHO I'ABHHM JpaAbCKHM paaJiOMOM.
BHyTpeHHee CIPOEHME 8 HTMERWEOPUA CIOEH06, BCHeACTBMe yHYAAALMA
0CH 376CH BHABNAWICA CTDPYKTyPH Golee MEJKOr0 nopajAka. Hauboaee
KPyOHHMM B CeBOpHO#f 4acTH fABAADTCA KyOABOBCKAR M YTHKAIBCKA[ 8HTH-
KINHENH, pPacnojioXeHHHE COOTBETCTHEHHD B pailoHe zep.Kyosxoso M
rops YTeans-lam. B pEHo#l wacTH ypaaray cameil Kpymeo# crpykrypol
ABIAeTCA MaKCDTOBCKAs AHTHMKAMHALL, OCIOXHOHHAA GpaxMcTpyETypaumu
Ty6epauEcKoft, TameescKol, Kypamaueckoit, Mrkyaosckod u ap. Ce=
BEpHDE NEPAKINHANBHOE BAMHKAHHE JDENTAYCKOrD QETUKAMHODHMS pac—
nozaraercAd BOmMMBM c. KuMpaGuMECKOro, rze CBOJAGBAA YACTH CTPyKTypH
OCHOXHOHE CYOmMPOTHHM HMDAGMECKMM yABTDEOCHOBEHM MACCKBOM, [pH-
JPOYcHHEHM K 3anaZHo-ypalTayCKoMy HAABHIry. B npesnenax OpeHOy pr—
CKoro ypana B 6acceilHe pek I'y6epms, Boa. # Man, Kagza HaGapza-
8TCA 0XHAA NEDURIAHAIDL SHTAKIMHODAA, Ie B pailoHe MMPOTHOT'O Te—
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4eHHA D. Ypana MeTaMopdudYecKMe TOJmMM NOrpyxaOTCA noz (fayHMC TH-
YeC KM 0XBDaKTePUB0BAHHNG BYJKBHOI'@HHO-0CAZ0UHHE NpDOZH OPZ0OBMKE
B cuaypa W wepes IO-IS5 KM BHOBH BHXOZAT H8 NOBEPXEOCTH B Azpe
d0eTrHCKO! aHTMKIMHANA (CeBepHHe Myrozzapu). Jas meraMopduyec-
RilX 00pasoBaEMM aHTUKIMHODAA YPeSBHYAMHO XAapaKTepHA MeJIK&sa CKIaj-
yaTO0CTh PasJMYHHX TeéHEeTH YeCKUX TUNOE M pasHooOpasHo# MopdoNOTMH.
CrIaZuYaTHE CTPYKTy P OCIDEHEFHN pASPHBHHMM HapymeHWAMM DaBiM g~
Holf NPOTAKGHHOCTHM M AMOIMLYZH, YACTO (MKCMPY eMHMM [ID 0fiBJ6 HUAMM
MaruaTusMa ¥ KBapieBHMM EUJEMH,

[lecTpoTa IMTOAOTHYECROIO COCTaBA, 0TCYTCTBMO WTHO{ GuocTpa-
rErpafudeckolfl xapaKTeDECTHKHN, pDas3idyHas MHETeHCUBHOCTH MeTaMopdus-
M8 4, KAKa CIEACTBMe BTOrD, OTPAHMUYGHHOO NMPUMEHOHUE® DAAMOLOIMYEC—
KAX METD/0B, SHAUMTONFHOS DasBMUTMe DEBPHBHNX HapyumeHUHR M MeurRei
CKISZYaTOCTH, NOBTOPAEGMOCTE B DAspes6 GAMBKMX mp 0CAMKYy M cocra-
By TOJHE COCTABAANT OCHOBHHE TPYyZAHOCTM OPM PaspeweHMd BOMPOCOB
cTpaTUrpafuM MeTaMOPPMUECKMX TOMW YPAITAyCKOI0 SHTURJIMHODHRA.

JlpeBHMe ToJmM ypanTay BhNepBHe Ona¥ pacwieHeHH J.T'. OXMI8HOBHM
(I94I, I964) Ha zBa ROMINJeKCcA - HAXHAY (MaKCOTOBCKMA) M BeLXHMH
(cysanaxckuit), pasgeneHHHe (iI0 ero MHGHMD) NOPEPHBOM M CT paTUrpa-
fugeckuM Hecoraacues, M.d.Tapass (I1969), C.C.T'opoxos (I964),
B.A.Pomasos (I973) u zpyrae CuMTaRT I'PAHANY KOMIASKCOB TEKTOHM-
yecKoll, K HacTORmEMy BPEMEHM CyuUECTByeT HECKOIBKO BapUAHTOB
cxeM cTpaTurpadvuecKoro pac WieHeHMA MeTAMOPJUUYECKHX MopoZ ypai-
TAYCKOI0 8HTMKIMHODMA, YTO JMMHWA DAs NOAYSPKMUBAET CIHOKHOCTH
npoGAeMt, Bolbuaf YacTh re0/IO0B CXOAMECA HE8 DAasZe/IGHAN MeTaMop-
@uYeCKUX o6pasoBaHMii ypaaray HE MAKCOTOBCKA# M CyBE&HAKCKME KoMio-
neKcH (cepuu), Y wiTHBAA pasHALY cocTaBa, CTeNeHH MeraMmophusma M
pacnpocTpaHe HUA MBIMATMYECKAX 006pas0oBAHUMl B yKABSAHHHX KOMOAOKCAX,
MH CuMTaEM 16J6CODOPaBHHM A8TH KPATKYD XGDAKTEDUCTHKY IeoI0TrMYec-
KOI'D CTPOBHMA KaxjioT'D KOMIASKCE C NocaeAymme# mpusasKoit mpHEaATOR
cTpaTUTpadUUeCKOl CXeMH K CTPYTOTMLAYGCKOMy paspesy BawKupcEere
MOraHTHRINHOPUS,

MAKCOTOBCKUIl KOMIIMEKC
OTJOXeHHA KOMIJIEKCA HMeNT MMPOKOe DACIpOCTpaHeHHe B BEOE IIOJOCH
CyOMe PEIHOHAIBHOTO NPOCTHPAHES (CM,pHEC.]) OpE mmpuEe OT 8 MO
I5 kM oT mEpoTH c,TemMAcoBa Ha ceBepe IO MEPOTH CT, Capa Ha pre
(mporaxeHHOCTE OKONO 200 KM).

I.I. = B.M, Kpmmmmxwe (I958) u C,.C.Topoxos (I964) mpemroxumd
cxemy cTpaTarpafiE MAKCOTOBCKOT'® KOMILIEKCA, B COCTABE ROTO-
POT0 BHIEJeHH CBHTH (CHE3Y): TajeeBcKad, RallpaRIENCEAd,
DMaTyBMHECKAA M KapaMaIMHCEas (pUC. 2).
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TaxeeBcEKS&SAa CBATA CHOXEHA KBAPOUTAMM M MyCKOBUT-KBE P-
eBHMMd cIaHUAMM. OTJOEGHMA CEMTH cJarawT azpa I'eneesckoil, Kapa-
umanuHCcKol, fKymosckoit (cpesHee TeueHMe p. CaxMapH) u I'yGepauHCKol
GpaxMaHTARAAEANe. OCHAEEHA 0HA yZ0BJOTBOPUTENBHOD, M HOYTM B KaE-
A0l ¥B3 NEepeUCJSHHNX CTDYKTYD €CTH ZOCTATOYHO NONHHE €6 paspesH.
HumHsAg TpaHALa CBATH He BCKDHTA 3posMeil, C mepexpHBapmeil Kalipar-
JMHECKODA CBHTON HAGAWZAETCH NOCTENGHHHY nMepexof.

CTpoeHMe TaleeBCKOM CBATH ¥ 66 JAMTODAOTHWECHKYA CoCTEB XapaKTe-
pusyerT cTpaToTMNAYecKUil paspes Mo mpagoMy Gepery p. CaxMaps B
1650 M BEm®e Jigep. BepxHe-TazeeBo. 37eCh, 8 TARKE B paspesax mo
p. Kalipakne u neBoMy Gepery p. Caxmapm, BOmI3H yCThA p. KapaMmainm,
BUZHD, 9T0 B COCTaBe CBMTH nMpeoGrazawT KBaPUMTH O6JHE, CBETIO-
CepHe, MHOIZA C EOITPBATHM WIM DOSOBATHM OTTEHKOM , TODJCTO- M
CpeIHACHOMCTHE, NpeUMyMECTBEHHD CPOZHeBePHMCTHE. B BepxHel wC-
TY CBUTH KBApDIUTH G0Jee@ PacCAAHNOBAHH W COJEPXAT NpPOCIOM yIJMCTHX
KB PUMTOB. DTH NOPOAH SBIANTCH MOPEXOZHHMM K GoJee MoXoAull Kalipax-
AMHCKO# cBMTe. MomHocTh raaeeBCKoil CBATH oxod0 I00-IS0 M.

Kalipaxa®meEc Ka g CBUTA OpPeACTAB/GHA pPa3JyiUHHM4 rpa-
@UTHCTHMHE TEMHO-CEDHMM CASHIEMM, KBEpPOMTAMM (MECTAMM Tpa(UTHAC-
THMM), BOIOHHMM CIAHLAMM XIODUT-8XLCMTOBOTD COCTaBa C BKTUHOJIMTOM
¥ SOUZ0TOM (DPTOCISHLH M OPTOMNOPOJH) X CBETID-CEPHMM MyCHOBMT-
EBADLOBHMY clasnaMM, OTI0EeHAA CBUTH saneranT B fzpe MakcoToBCKOH
aETURIMEENM (CpeZHee TewwHMe p. Caxkmapu), HecMoTpA HA 3HAWTEJE-
Hyp OJ0MAAE Pa8COPOCTpPaEHEHMH, CBUTE NADX0 00Haxera, HauGomee mol-
HHO paspesH 66 BCKDHBANTCA z0AMHaM¥ Dex KpemocTHod 3uzaup, Cak-
mapa, Kaiipakaa, Bapaxax, Bapakan-Tuas, I'yGepas ¥ zp. Crparo-
THNAYECEMM CUMT36TCH paspes no p.Hallpaxmm (cenepﬂéa Jep. Humue—
l'aneess). C mozcTuiaspmedl rexeeBCKoli W NepeKpHBANNE M DMATY BMHCKOH
CBUTAMM 9HA CEf38HA NOCTONGHHHM [6PEXD70M.

OTaMueTe NEHHE 0COO0EHHOCTH KAMPAKIMHCKON CBMTH - 66 Npeo6nazan-
mult TeMHO—cepHY M ye DHHIf gBET B8 CYOT NPUCYTCTBMA rpaduTUCTITD
MaTEpMaZIa WM HAIMYMe Pa3HOOGPABHHX 00 cocTaBy "seleHHX" cIaHLeB,
00paB80BABMKMICA B DEBYJAETAaTe MeTAMophUSMaE BYIKAHOTEHHHX MOPOZ 0C-
HOBHOT® COCTAB&, B NMoioCe pacOpOCTPaHeHWA CBMTH MECTaMM 0TME BDT-
cA IMEBH MpaMopes AadBo# zo I00 m npu mmpuse I5-30 M.

Omas MOMHOCTE CBHTH KoisGueTcs 0T 350 ao 550 M.

Drarys#®HECEKA S A CBMTE CIDEKSHS MyCKOBMT(CADZAHD)- KBap-
IJOBHMA, MyCHKOBMT—-NJATHOKJAS~KBAPIEBHMM CHAGHOAMUA W CJRZMC THMA
KBa pnuravd, CEBEOH COZ@PXaT B BECHMA NEDEMEHHHX KOJIMYeCTBAX INBY-

KoQaH, rpaHar, XA0DAT, ODPSCIOAMM OHA C BOMAOTOM ¥ SKTHHOAMTOM, Dexe
BCTPEIANTCA TPAaQUTHCTHE PasHOCTH AX,

212



[opozs ©MAIysMHCKO# CBMTH pDECHpPOCTPaleHH B pXHofl noaoBuHe Ypan-
7ay, PAE OHNA NpUypoYeHH DIABHHM 06pPABOM K KPHABsAM Opaxuas THKId=~
Hazeli, oCHOXHADMAM MEKCOTOBCKYD a8HTMKIMHAAR., OGHAXeHA CBATA YAOBIGT
BOpUTENEHD, HE&WGO0JeEe MuJHHE pPaspesH €6 MOEHD HaGADAR TH [0 pPEKaM
TyGepns, Caxmapa-Tuas, bapakan-Tuas, KpenocrHolt 3unaup, Caxmapa
(B8 mupore zep. Maxciorosn), Hysewin, BaTKATHW U HEKOTODHM 7Py TUM.
Ha Bcelt naomaj¥ CBOErD DPACHPOCTPAHEHMR CBUTA X8PaxTepUsyeTCHA CBOE=—
p06pa 3M6M W BHZG PRAHHOCTHW AMTOJOrMYeCKoro cocrasa. OHa caomeHa
npeuMyneCTBeHHO CRETJHMM A CBETAD-CEPEMM, CI6THE BEJIEHOBETHMY
KBapUeBHMA CHAHLAMM M KBApLUTEMA C OCKIBHHM COZEDEAaHMEM KpyIOHO-
TaGAMTIETOr0 MyCKOBMTA, I'DAaHGTA M IIayKojaHa, 46M DE8KO 0TJM -
6TCH 0T NozcTHAapuel KailpaKIMHCKol M nepexpHBapledl KapamalIuHCKOH
CBHT, CIOEGHHHX OPOUMyWECTBEHHD TEMHO-C3PHMM M YepHHMM TpauTuc—
THMA NopofaMu. [109TOMY OTIOKEHAR BMAry3MHCKOM CBMTH Z0 HEKoTopoi
CTeneHy MOIyT CIyXMTh ME8DKMDYDWAMM DM M3y WHHUM MEBKCHOTOBCKOID
KoMnIeKca, WXHee WMPOTHOIO0 TeWHHs P. Cakmaps B wMarysuMHCKON cBU-
7€ yMEHBUAGICA YACJO0 ¥ MOMHOCTH NDOCIOSE KBAPLUEBHX CIAHNEB, B
COCTABE N0POA 3Z6CH NPOCHOAMM NOABAANTCA MENKUe ralegKy (0T 2 MM
a0 1,0-I,5 cM) OKEBTAHHOrO MUKDOKJIMHA, 8 CaMd CIAHIH CTAHOBATCHA
anpCUTH3MPOBAHHEMY , NPUOGPeTan THelicoBMAHREA 00aNK,

MomEOCTE CBMUTH Koaedaerca oT 300 zo 500 M.

Kapawma i1u4uHCEASSf CBATA CBA38HA C NOZCTHIALUBH pMary-
BUHC KO CBUTON NOCTENSHHHM NMEPEX0Z0OM, CHOKEH& (D6 MUMYyNECTBEHHO 0p-
TQCJAGHIAMM OCHOBHOTO COCTE&BA, IpPafUT-KBApUEBHMM, MyCKOBMT-KBEp-
[eBHMN CHaHIaMM, LUPUCHOAMA COZEDRANMMM 8JABOHT, IDAHAT, Dexe 3MH-
A0T, TpadMTMCTHMM KBADLHTAMM M JMHB38MM M3BECTHAKOB. MOWHOCTH
CBUTH Koiedzerca oT 200 zo II00 M ¥ onpezeideTCA B OCHOBHOM Hpu-
CYyTCTEHEM MOTAMOPEM30BEHHENX BYJAKAHOTGHHHX MOPOZ.

[IpoBeZiesHEe HaM}l HAGIDAEHUS W Ma8TEPUaTH NpOAHAYWMAX UCCJB70Ba—
Tenelt nmokasHBEDT, YT0 KApaMaJMHCKAA CBATA MCIOHTHBAET [0 [IPOCTH-
paHUD BHAYMTONEHHE (AUMENBHHO M3MEHE HUA, BHDAXADUAECA NPEXJe BCE-
T0 B COOTHOMEEWM rpafuTucTHX MOPoZR ¥ "BeleHHX" CIAHLEB — NPOAY K-
TOB MOTaMOpP)MBMa CPEZHMX M OCHOEBHuX 2(Qdysusos M ux Tyfos. Ha-
MOONbLWMM pPACOPOCTpaHGHMOM "3616HHE" CASHUH NOABSY OTCH B KPHIBAX
KysawaMBCKOR OpaxwaHTur/mHand. OxEee, B paspese p.KpenocTHoit 3u-
JaMp, COZGPEAHME WX BaMeTHO CHHEAeTCA, 8 eme WEHEe DHM MOYTH MC—
ue3a0T M8 paspesa. [IpUMBPHO aH&JOI'MUHAA KapTHHA 0TME J@eICA K Cé-
B6py 0T yooMaHyTolt CTPYKTypH: B paspesax mo p. [lepze ¥ B GacceitHe
p. Box, ¥ Man. Kasumam "BeleHHe" CABHIH UIPawT Pe3KO MOAYMHEHHYD

Pons.
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KapamaiuHCKag CBUTE B34BOpLA6T Paspes MAKCHTOBCKOrO KOMIZeKCa,
o6mas MOEHOCTH OTAOXeHMIt KoTopore Koaedzerca or 950 zo 2300 M.

PegyasTaTH NeTporpafUyecKUX U NETDOXMMUYECKMX MCCIEZ0BaHMI
MNOATBE PEAAKT, YL0 KBAPUUTH M CIDAAHO-KBAPIEBHE ClidHIH MaKCDTOB-—
CKOT'0 KOMIJIOKCA BUSHUKJAN B pesylJnTaTe MeTaMopfusmMa NeC9aHHX M
necYaHo-TAMHACTHX 0TN0XeHMNl, MBBECTKOBMETHO OCAZKK OuIM Lpeoldpaso-
B4HH B MDAMOPM30BAHHHE WBBECTHAKM M MPAMODH, 88JeHHE CIAHUH Qop-
MUPOBANACEH M0 'OCHOBHHM M CPEZHMM BYJIKQHOTGHHHM M YGCTHD MHTPYSUB-
HHM NMOpoZiaM WIM OPOAYKTaM MX MeTaMopjusma.

B paspese MaKCHTOBCKOTO KOMIJNOKCA BCTPEW¥AaNTCA SKIOTAUTH. JTO
I0THHE MA8CCMBHHGE AW Tpy06o PacCHaHoBaHHHMe NOPOAH TEMHO-BEJEHD-
ro BeTa ¢ nopdupo6iacTaMid rpaHaTa, [lo JaHHHM MccaezoBaEMit A. i, Jlen-
UyKa, NpoBefgHHEM B I967 r., N0 XHMMYSCHOMY M MHHEPaJOTHYECKOMY
COCTABYy BCE SKJAOTHUTH CAMBKA MexJy Co6odi ¥ 00pasoBa;dch, NO=BAAH-
MOMy, 38 CYWT MHTpy 8Mit raG0po. MuHepaIBHH{ COCTaB SKIOTUTOB: rpa-
HaT-aIpMaHzuME (Ao 30%), ompanur, raaykofaH, OOHKHOBEHHAA POroBas
06MaBKA, AKTUHOJAT, XAODUT, BSNAJOT, KINHOOOUBMT, MyCKOBMT, CQeH u -
Py THI.

o B.W.Jesssx (I973), mopozH MAaKCDTOBCKOrO KOMIJNGKCE IpeTep-
[6JH NPOrpecCUBENA MeTaMopfdaM B yCAOBMAX SKIOTUTOBOM Qanuu M
/B8 51808 PETPECCUBHOI'S MEeTaMopdusMma - cHauala B yolXosuax Ganuu
rrayKoaHoBHX CJAHNeB, a 8aTeM Qanuu,aenenux"cnﬂﬂuan. STand pe=
rpeccUBHEOI0 MeTaMopduamMa CONpPOBOXASJIACE P33MMYHEMM DO TMOHEJIBHO
4 JOKAIBHO LPOABMBUMMUCH METACOMaTHUYSCHHEMM Nponeccaui, WHTEECHB-
HOCTH NpOABJIEHUA MeTaMopduaMa B 06CTAHOBHE SKJIOTHTOBOA Qapnu M
HaloxeHHHWYX 5TanoB auadropesa He saBucela 0T CTpaTMrpauye CKoro
M0J0Xe HUS OTAGJBENX CBMT. B COOTBETCTBMM C 2TUM MWHEPANOIO0-N6TDO-
rpaguyeckuii cocTas 0ZHOH M Toi Xe CBUTH B PA3HHX paspesax He 0ju-
HBKOE, M BME8CTE C T6M GJIMBKME [0 COCTABYy MOPOAH BCTDE WRTCA B
pasmMyHHX CBATAX, YTO0 BHAUWATENBHO 2aTpPyAHAET KapTupoBaHue 06paso=—
BAaHMI MBKCOTOBCKOrO KOMIJeKCE,

CYBAHFKCKI KOMIJEKC
B cocTaR KOMOJAGKCA BHANJEHH MOMHHE KBAPLUTo~KOHIIOMEpaT0-CJBHOe-
BHE O0TJI0ESHMA, B Pas3MuHof CTEMEHM METaMODQMBUBAHHNE W TpaHC-
TPECCHUBHO N8PEKPHTHE (ayHMCTUYECKM DXApPEKTEDMB0BEHHHMM M&Ie0-
BOWCKUMN 00pasoBaHuaMM. OTINOXGHMS KOMINGRCA MMENT BSHA YMTENBHOE
pacnpoecTpaHesne, cBoeoCpasHHi CocTaB, CTDOGHMEe M JCIOBMA salera-
Hius, [0 JMTOMOTO-NETPOTpaduyYecKUM 0COGBHHDCTAM, CTpaTUTrpajuusc-—
KoMy N0JOKE€HMO, 0C006 HHOCTAM TEKTOHWKM, MAUMGTH3MA M XapakTepy
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MeTaMopyusMa CYBAHAKCKUE KoMniexc He ojHopefieH., CeBepHee mUPOTH
p. Bon. fiwanbeara (KupsdMECKO-Y8sHOaucKM# paioH) oH YeTKo pac-
YNeHASTCA HA CBMTH (CHABY) yTKAIBCKyD, KypPTAECKyD, MABADUECKYD,
apRAKCKyb, GallHacckyw 4 apuuHCKyD, wxHee (CymaHakcEo-Cakmapckui
pafoH) B COCTaBE CyBAHAKCKOrD Houniekca (B npezelax Damx4pHM) Bh-
ZeNA0TCH CBUTH (CHWBY) yTHAIbCKAA, AKOMUKCKAA M GeleKeHCKasn.

YyrTKaabCcKEA CBATE CADEEHA NPOMMymeCTBEHHD CHAHIAMH
KBapo-naardoKIas-xa0puT-6RoTMTOBOr0 (MyCKOBMTOBOT0) CoOCTaBA,
nepecrauBapIEMECA ¢ G0Jee KBApueBHMd (GECHPIOBONNATOBEMA MIM IH-
MOHHHMM XJIODMTA) PasHOCTAMM, KBApIMTaM# M Dexe rpadHT-KBAPHEBHMM
claHpaMd, B 38BMCHMOCTHA 0T KOMOMHAIME ¥ K0IMUeCTEE OCHOBHHX
DOpoZ0OGPa3yOIMX MHEEDaN0B (NAardoKIasa, XIOPUTA, KBAapna, Mycko-
BATA ¥ GMOTHTE) B COCTABE CBUTH BHZGAANTCA MHOTOWACHS HEHE DaBHO-
BUAHOCTH CIAHNEB, KOTODHE HaXpASTCA B NepeciaMBAHMM MOXZYy Colol
U KBapnuTAMM ¥ 06pPaByDT NOCTENEHHHE B3dUMONGPeX0AH. Haspanue M
0GIMK MOPOZH ONpeAsIfOTCA COAePEAHMeM KBapua M nopdupeciacTos
NA8THOKA828. HUEHAA rpasMua yTKAIBCKOM CBUTH He BCKPHTE aposuei,
a BepXHAf - ONpejeaaeTCs noZomBo#t KypTamcEMX KBAPLMTOB, BAIBTIaD-
mMX C HOGOJBWMM DaBSMHEOM M yIrA0BuM Hecoraacuem (Kesaom, I972).

W3 BCeX A0OPZOBUMKCKMX 06pasoBaHM@ YpaATayCKOro aHTUMHIMHODHSA
yTRAIBCKAR CBATA HAMG0I86 pacnpocTpaHeHa., OTI0EGHMS 66 MOYTH
HeNpepHBHO NPOTATMBANTCA 0T C. KMpAGMECKOro Ha ceBepe jzo dGacceii-
Ha p. Bapakan Ha pre, CBHT&E XBPAKTEDUBY6TCA yA0BIS THOPHTOIbHOH
00HaR6HEOCTED, HAUG0X66 MONHHE DASpe3H 66 MOXHO HAGAWAQTE Mo
pexaM YTKauib, ypza, YorymaHms, Yc-KyHym, Pacrok, Box ¥ Man. Tyc-
Ty ¥ AD. [loBCOMECTHO CBHTA WeTKO DACHOSHAETCA M BHZOIASTQE N0
cnenu@uyecKoMy HaGopy CAEraDmMX €6 Mopoj. XapAKTeDHHMM OpMBHARAMM
yTKAABCKOM CBMTH ABAADTCH: 8) DUTMAUHOS NEPOCIAMBAHMe MATKMX
"noJeBomnaToBHX" M KBapneBHX pASHOCTed CHAHINES W KBApOMTOR ApH
MONMHOCTH mpocioes oTf I-2 MM - 2 cM zo 20-30 cu, pexe a0 I-2 M;
0) HaaWyue 36PeH NAaTMOKIasa NOYTM BO BCEX PASHOCTAX CAAHIEB M
Jaxe B KBapuuTax, NpUZapmMX CIaHuaM csoeolpasHull "rHeliceBMpHEA"
06auK ("pACWKoBHE™ CIARUH). [lo JMTOJOIMYSCKEMy COCTABYy CBHTE pac-
YI6HAQTCA HA NOZCBUTH: HUXEDD (CyMeCTBeHHO CIaHNeByn, 450-700 u),
cpejEOD (CASHNEBO-KBapnUToByD, 500-800 M) B BepXEDD (IpEHMymeCT-
BOHHD KBApOUTOBYD, 400-750 M); MeEAy CoGoi DHM CBABAHH MOCTENOH-
HHMM 1e pexozamu, 00mas MOmMHOCTH CBMTH I350-2250 M.

Ceoeo0pasue IUTOJNOTHM ¥ BHZEPEAHHOCTH COCTABA JTKAABCKOHN CBH-
TH 00 NPOCTHPAHMD NOBBOIANT MCHOOABB0BATH €6 B KAWGCTEE CBOOOGpas—
HoM mapxupyomeld ToImE MpM MBYYOHHHM BODXHero ADKeNODHMA YpaITAyCREre
SHTUKIMHODHAS
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Kypreawckasd CBATA NPEACTABNEHA KBADHHTAMH, MyCKOBHT-
KBAPOeBHME, My CEOBMT-XAeDUT~EBADNEBHNE CISHNAMH, MECTAMH C OJATHO-
KIagoM, rpaguToM, DSZKO C KB8DGOHATOM, KBBDHHTO-NOC WHHKAMM (MHOI-
Z& rpaBMilHEMA); B BODXAX CBHTH B MAJOMOMHHX ODPOCIGAX M IMESAX ..
OTME WADTCH MBBOGCTHHEHM ¥ Z0NOMMTH, [0poAH CBABAHH [OCT 6I16HHHMM
BSAMMONAPEXOZAMHM M B 33BMCHMOCTH 0T COZGDEAHHS TOTD HIM MEHOTD KoM=
noHEeHETE 00pasynT BCEBOSMOXHHE N6DOX0ZHHO DasHOCTH.

Kypramckasa cBMTE NpOCHeX6ES HaMW C HEGOABMHMMA O8pEDHBAMH 0T
EHMpoTH p. CyBaHaK B8 ©ré Ao c. KupaOMHCKOre Ha cesepe, CBHTA
XapaKTepusyeTcs nuoxedl oGHaXeHHeCTHN. [oNHHX paspesss ee HET Be
BCOM 8HTUKAMHODHM YpaxrTay. PparuMeHTH paspesoB MoxHO HaGIOZSTH
Ba repax Kypram-Tay, Kyascyraas (Maz. Kypraw-Tay), Ycauram, o
pexam Mapardait, Darapka, bBod. Pass, CyBaHAK, Bapakad H Ap.,
Kypramckasa CBMTA8 HMeeT CpDABHUTeNEH® BHZSDXAHHHY cocras: npeelia-—
JADT KBADOHTH W KBADLMTOBMAHHS MyCKOBHT-KB&DIOBHE CIHSHOH; HesHA-
Wi TenpHEHe fanualbEHe ABMEHOHME 0TMOWENDTCH KKHee D. Bolx. PaAss #
BHPAX&WTCA B NOCTENEHHOM yBEAMYOHMM B 66 COCTAE6 CIAHLEB OpA COOT-
BOTCTBYDEEM yMOHBEOHMM KBEDHMTOB,

Kypramckas CBHTa salsraer HA NoacTHiavmell yTHanscKolt cauTe C
NepepHEOM H HEOOJBWKM HECOIJAACHEM M B CBON 09Y0p6Zb TPAHCTPECCUBHD
nepexpusaeTCH MasapuHCKOR caurolt (Kosaes, I972). [Io JUTOAGTUYECKHO-
My COCTABY KypTallCKAs CBHTE N0APABZA6JNAETCA HAMM HA TDM OOACBUTH,
CEf38HHNG HOCTOMNGHHHMM MEpPeX0ZaMM: HUEHEOD (CymeCTBEOHHO KBapiu—
ToBy0, I00-I50 M), cpezHpow (KBapnMTO-CIaHNeByD, 700-I000 M) H
B6 pXHOO (CIHUeBYyW, 400-450 M). OOmas MOmMHOCTE CBMTH Koaelaercs
0T 1200 z6 I600 M.

MasapuHECKSAaSs CBMTa NpeAcTaBleHa THEeiflCORUZHHMA CHEHIAMA
KBapI~ /8 T0KI8 3=-XI0pU T~ U0 T~My CKOBUT0B0I'0 COCI8Ba SEN6HOBATO-
ceporo 4BeTA, KOTODHM NOZWHeHH MeTaMoppUS0BAHHNE KOHTIOMEDATH,
TPaBeJMTH, NECYAHUKM M DEXe KBApOUTH, CBUTA MMEET pPaCNpoCTpAHe HAE
NpedMy MGCTBEHHO B NpeIeN8X 3aNapHOI'0 KpHAA AHTUKAMHODHg Ypauray M
npociex4BaeTcA B BU7e H0JOCH, WMPUHA KoTopo#t Kemeduerca oT 0,7-

I KM B pEHoH vacTH nNomAZM pacnpocTpaHeHMm Zo 3-5 EM HA ceBepe,
B0IMBH C. HHPACMECKOIrD, TZe DH8 00paMiAeT CeBEDHDE NOPUKIMES Ab-
HOEG SaMHKQHWG CTpyKTypH. CBMTa o0HAXeHa Nuoxo. Haudolee moIHHe,

HO He CIJOmHH® paspesH 66 MOXHO HaGapAaTh no p. Masape M BOZOpPE 8-
Jeny nocuepue# ¢ pyd. HumeAn Masapa, mo pyubsaM BamHeBH# Jon 4 Kyar-
GaKckuil, Ba xpecrax Kynamryi, Kakpu-Kapareil, Ba ropax BapaHryu,
Kusun=-flp. OOCHYHO Xe B MolJ0Ce DACHpPOCTPAHOHMA CBHTH 0TME BWHTCH
pasoCueHHHNE BHXOZH, CAOXOHHNE yCTOWUMBHMA K BHEO TDMBAHMUD 16C Y@HU-
KauMM, KOHTJOMepaTaM4 MaW (oise KBaPNOBHMH DaBHOCTAMM CIAHNeR,
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MasaprECEEA CBATA BA NOJCTHIADNMX 06paBOPEHKAX BAIAIEET pes-
K0 HecorzacHo. C meperpusampmeit apEaRCKOM CBMToH M8 38DMHCKME Ho-
poziH CBASAHH MOCTENEGHHHM NMEDEXOZOM 9epes NepeclayBaEMe CIMBEMX
oo COCTEBy M BHOGMEGMY 0GIMKY NopoZ; IPAHMOA NPOBOZATCA N0 NOAB-
JOHMD B PaBpeBe MPNEHX NAACTOB CEPHX KBAPOMTOBMJEHX N6CUAHMKOE, Ipa-
BOAMTOB M KOHI'AOM6DATOB, [IpM B3TOM NMOCTeNeHHAS CMOHA 0TIACEOHMM mpo-
MCXOAMT H6 TONHKD BBEYX M0 paspesy, Ho M 06 NpoCTUpaHMD, M6D C
Ccesepa Ha DI 0TMOYSETCHA MOCTEONOHHDe BaMENSHMe NOPDZ Ma 88 PUHCEoH
CBATH NopoziaMi apBaRCKofl, JlellcTBMTeNBHO, 6CIM E& WHMPOTe HOC.
THpIsE MOWHOCTH MGBaPHHCEOM CBUTH zecTuraer 850 m, To DXHee, Ha
mUpoTe ropd ApBAK-PASh MOMHOCTH 66 yMeHsmaercAa ze 400 M, 8 gBaR-
cxolt ypeanwsaerca zo I000 u.

ApDBAKCEKSSA CBATA CIHOXOHA KBADIMTAMMA, MeTaMOpHAB0BEEH-
HHMM KOHTIOMEDATAMN, I'DABENMTAMA, NECURHMKAMM M PABIMUHHME CIAHIA-
MH, & TAKKE K&8DGOHA THHMW nopozam¥. OTH0EEcHMA CBHETH OpOCIGRHUBANICH
no4TH HempepuBHo# moxoce# (mupuEO# or I,0-I,5 A0 2-3 KM) oOT
p. fluaE®eara 20 ¢, KMpacuHCKoro. CBHTE XapaKTepHByeTCA HepaBHOMED-
Holl 00HAXOGHHOCTEHD, HAMGONEE IOJIHHEe Du3pEesH MOEKHO HAaGADZATE MO
peram Kara, 34n. YTRans, no pyusAM PyzHu# ¥ BuwHeBHE Jlom, no ro-
pam ApBaE-Pass, lluxad, KwsHi-fip ¥ zAp. C moACTHJISWMAMA [0DOZAMHA
0BA CBf3aHA MOCTOMEHHHM O6PexXoZoM. Ha cesepe aHTURIMHODHA, B
TapasHCcKof CHHKJIMHANM CBUTA C DABMHBOM NepexpuTa GallHacckoll W ap-
muHcKoft cBuTAMM. KEHee I, Benopenka apBAKCKAR CBUTA NEePeKpHTA C
PaBMHBEOM M HOCOTJACKEM ODZIOBMKCKMMM M CuJypHHCKMMA 0(pa30BaHMAMM,
B Bepxax CBUTH B paspesax pyuseB [opojckore (MaxuyToBckors), Kuc-
KuHa, Kyma-Baliza, Bupkytus, B paftose zep. Balicakamoso u c. Kupsa-

. GMECKOr0 NOABAADTCA NPOCHoM (IMESH) MBBECTHAKOR M A0IOMMTOB, NpoCIe-
X@HHHX C [6peDHBOM B 0CGHAXGHHOCTH moyrd Ha 60 kM. Ha pyw. Topoa-
CKOM MOWHOCTE KapOoHaTHOM Nauxky pasHa I[50 M. B pasiMyHHX MOCTEX
B HMX 4B cOopos aBTopa 3.A.Kypasaesoff onpezeieEH MMKPOPHTOIMTH,
TUOMWHEE AdA IV Koumnuaekca. MomHOCTE apDBAKCKOM CBATH KoJebaeTcd
or I000 M BA mHEpoTe noc, MaliramTu z0 750.M B TupassECcKoM palio-

HE .

FaiEacciKas CBATA BHIEIAETCA BNEPBHe, PaHee COOTBOT-
cTByDOMe el oTaOXeHMA paccuaTpuBaiauck Hamu (Kosmos, I972) B
cocraBe HMEHeff W@CTH apmyMHCKoA CBUTH, DBaitHacckam CBMTA CIOXEHD
ClAHLAMK KBapU~XJ0pPUT-CEpPUIMTOBOr0 COCTAaBA, NOC W HMKAMM, Kapoo-
HBATHO-KBADLOBHMY CISHOANHA W NPOCHOAMM KOHIJIOMEDATOB M 7 0JOMU-
T0B. HUXHAR TPAHALE CBUTH DESKAA W NPOBOAWTCA N0 MOZONBE KOHIA0-
MEpaTOB, SANETAVMMX C PABMHBOM HE& NOACTHIADNMX ZOJIOMMTEX 8PBAK-
CKO# CBMTH. BepxHAs IPaHMLA HENOCPEACTBEHHO B OGHAROHMAX HE HAOID-
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A8nach, HO ONpeAelAeTCH HAMM KK TPAHCTPOCCHBHAA N0 B8aJABTAHMD
8pWMHCKOM CBUTH C HOCOTIACHOM M DasMHBOM HE NOACTMJEOMMX o6pa-
8038 HUAX,.

B KaueCTBE CTPATOTUNMYSCKOTO AJAA CBUTH HAMM NpeAJaraeTrca pas-
pes no npasoMy Gepery pyd. lopozckoro (MaxumyToBCKOro0), B 4,6 KM
BHUle ero ycrhd. OTZ6/]bHNG® (pATMEHTH Da8pesA CBUTH MBYUSHH OO
py weAM KynpGaxckowmy, TepoHakcKoMy, Kyma-baipa, WUTKyIKMHYy, BUpKy-
T

MomHocTs GAWHACCKOH# CBMTH B CTpaTOTMNMUeCKOM paspese 400-450 M.

ApuuHCEKSEHF CBATA 3aBepuaeT paspes APGBHMX CBUT C6-
BepHO# wWCTH Ypaaray. B cocraBe ee BHAGAADTCA C& PUOMT-XJI0PUT-
KBAPIEBHE, CEPULUT-KBADLUEBHE NJO0{YATHE CJAHUH, (UAIMTHBAPOBAHHHE
aneBpPOJMTH, NOCYAHMKM, I'pDaBEJAMTH, KBADLUTO-NECYAHMKM, KBAPLMTH,
THIAT ON0ADCHHe KOHIJIOMEDaTH, NPOCJOM M JMHBH Zi0JMOMMTOB ¥ H3BECT-
HAKOB, TEJN8 B6JOHOKAMEHHD MBMeHEHHWX O0CHUBHHX aQdysuBoB. CBHTE
pacnpocTpaHeHa NpeMMymeCTBeHHO B mpefeiax THUPAAHCKOM CUHRAUHETM,
o6paMiss C0 ECEX CTOPOH NajAeonsoiiCKUe o6pasosBaHun., OOHEEXEHHOCTH
CBATH yZ0BA6TBODUTOJbHEA, HO HONPEPHBHHX DAaBPE3OB €6 HET; CTPATO-
THOOM CYWTEETCH paspes uo p. Apue. PasposHeHHHe (QparMeHTH pas-

pesa CBATH MOEHO HAOAOZATE no p. Tupnsas, oo pyusAM TepoHaKCKoMy ,
KynpGaxckoMmy, BuuHeBoMmy u zp. CBUTE UMEET UCKIDYMTENBHO BHZOPEEH-
Hu#l auTonoruyeckuit cocras. ToJbKO Ha sanazHoM Kpuae TupaaBCKol
CMHKJAMBANM, DEHee D, TapasH, 0TMOUYEHD NOCTENEHHOE [0BHWEHWE CTe-
NeHW MeTanop@usMa MOPof, BHPE3KBUEECA B GoAblell CAWAMCTOCTA W
ans0UTH3aMM CIEHL 6B, CONPOBOXZaWWEECH MOYTA NoiHoldl norepeit pe-
JUKTOBHX CTPYKTypP. APNUHCKAA CBMTA 38J6raei HA paBIMYHHX TOAMEX
8DBAKCKO{t, M838DUHCKOA M SUABMEDABKCKOH CBHT; K OCHOBAHHD €@
YaCTO NpiypPOYEHH TUIAATONDZOCHHE KOHTJOMEpaTH, NepeciauBapuyuecs
C Ipy06036PHACTHMA NECYEHMKAMM, COJ6PEAWMMEA TEILRY [07CTUIRDUMX
00poj, YTO N03BOJAET CWITATH HUKHOD I'DAHMIy CBUTH TpaHCIrpec—
CHBHOM. BepxHAs rpaHMLa CBMTH YeTKAA M NPOBOAMTCA [0 NOojoWBE HE=-
COIJaCHD saZerapmux Ha Hefl opAOBMKCHAX OTI0ESHMA.

MowHoCcTs @pUMHCKO# CBATH KoaedaeTca of 750 zo I000 M.

BHwe MH 0TMOGYAJNM, YT0 B DEHOU N0JA0BMEE YpaATayCKOI'D aHTU—
KIWHOpMA (wEHee p. fluaHbeara, A0 MmMMPOTHOTO KoldeHa p., Caxuaph)

B CYBaHAKCKOM KOMIOJIGKCe BHAeAAWTCA (CHMA8Y) yTKANLECKAHA, BKOMMK-
CRa87 M (O6J6KelCKaAa CBUTH, YTKAILCKAA CBUTA N0 COCTABY CO0BEPUWEH-
HO 8HE8N0IMYHE TEKOBOJ CEBEDHHX pPaspes0B ¥ COCTABAAET OO0 CymecT=
By ©AMHOE T60JOTMYECKOE T6JI0; XapPaKTEPUCTUKA CBUTH NpuUBEj6HA
BHU G,
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AKOMMEKCEKAaSsa CBATA CHOXOHA KBApPOUTO-N6CWAHAKAMA, KBA Pid-~
TaMM, COPUNAT~XINOPMT-KBAPLEBHMA M CEPULUT-KBADPIOBHMY CJHEHIEME
(MHOTZa WBBECTKOBUCTHMM). CTPATOTANMUSCKMM ANA Hee ABAAETCA DA~
pes mo p. CyBaHAR BGausM r. AKGMMK, OTCOZa 5TH OTIAOXOEHMF OpocCie-
EMBADTCA H& ©I - 70 wHpoTH zep. Kaparall-[loKpoBKM ¥ HA ceBep - 70
mupoTH Xp. UxBEH# Kpaka. CBUTa 0GHAXGHA NA0X0, f@Xe B HauUGoaee 0G-.
HaK@HHHX paspesax ne pexaM Caxmuapa, CymaHAK, Yc-KyHym ¥ Ap. uMe-
DTCA sHawTensHHe (0T 5-I0 70 50-I00 ¥ 500 M) 3876 PHOBAHHHE yWECT-
Ki. COOTHOWOEHA BKOMMKCKO# CBUTH C NOACTUIADWAMM 00PE3OBAHMAMM MUBY-—
UeHH HOZOCTATOYHO NoJHE; C NepexpuBapmelf Gemexeiickolft ceuToit oHA
CBAB8HA MOCTeNeHHHM MepexozoM. Ha Bceil niomazd pacmpocTpaHeHns
8KOMMKCKAA CBHTE XADAKTEPUSYETCHA BHAEPXEaHHOCTHD COCTaBA, XOTKD
pacnogHEAeTCs M KAPTHPYSTCA HA MGCTHOCTH.

Mom#ocTs cBuTH 900-I000 M.

BeaereilcKas CBATE 3aBepmaer paspes pudedcrux oTAc-
EeH4il wxHOM moIoBMEH 30BN YpaaTay; CIOX6HS 0HA NPEMMYmMECTBE HHO
(QUAIMTOBAAHNMY -CHAHLIAMM C [POCJA0AMM KBADLUMTOB, KBAPLUTO~N6CUaBh-
KOB M pezKo KoHrIoueparoB, CBMTA MMEeeT B3HA WITENbHDE DACIPOCTpaHe=
HME - 0T MCTOKOB p. Man. CaparH Ha ceBepe Zu WAPOTHOrD KoleHa
p.Cakmapu Ha wre., OOHAKGHHOCTH CBUTH 0YeHE MJIOXAfA; BaleraeT 0Ha
HA aRCHMARCKO{ CBHTE COIrJacHO C NOCTONEHHHM M6DEX0A0M, & 06pPBKpH-
BAETCHA C DPABMHBOM M yTJO0BHM HecorzacueM (ayHMCTMYECKHM 0X8paKTe-
PABOBAHHHMW OTIHOREHMAMMA yPABMHCKOR CBHTH MJM CIaHOaMu GETPUHCKOR
CBUTH CHAYPE.

MomEoCTh: OexeKelickoi! cBUTH B paspese p,CyBaHar 350 M.

' DaKaHYMBAA X8 PAKTEPMCTMKY CyBEHAKCKOTD KOMNAEKCA, HEOGXOZUMOD
OTMETHTH CAefylmee: &) HaMG0Jee NONHHE paspes ero OmICaH CeBOpHES
p. fluaEbenra; 6) AIA OTAOREHAR yTKEAbCKOHl, KypTremcKoll, MaeapHH=-
CKOfl ¥ apBAKCKOH# CBHT XapaKTeDHO MMDOK06 pASBUTHE HAADEEGHHHX
-Ip06CCOB 8IBOUTHBANME, NDPOABMBNMXCA C DABJMUHOA CTENOHBD MWHTE H-
CHBHOCTM H8 Bcelt o6mMpHOR naomazu MX pacnpocTpaHeHMs M, CH6zD-
BATENEHO, ABAADEMXCH DETMOHANEBHHM IPONecCOM; B) CTENEHH MeTaMop-
fusua cyBaHAKCEOID KOMONGKCA, ONpPE/6NACMaA HAGIOZADIMMUCH MUHE-
panbHEMM 8CCONUANAAMA, COOTBOTCIBYOT q)aunu,aananux'cmanen (Kan,
T'enusa, 1974; leuusx, 1968, 1973; Anexcees, 1969). B Qanun sene-
nux“cmuuan 8Z6CH BHAEIADTCHA CEDPULMUT-XI0PUTOBAA M OMOTHI-XI0pH-~
ToBasg cyOdanuu, o6pasywmue SOHH, TPaHMUER MexAy KOTODHMH SABIAET—
CfA Msorpaja GoTura, [o BaHMMaeMOH Nuomazu OMOTHT-XAOPUTOBE H
cyojan¥s ABAA6TCA BAMOONE® DACHDOCTDAHeHHoN: sanaaHas rpaHMNa
€e COBNazaeT C NOZomBOY GailEBCCKOH, apWMHCKOA # aKOMMKCKOR cBMT,
BOCTOYHASR = 00796 CIOXHAA M ONpPOZeAAeTCA cepued CyOMepuzN0HANE~
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HEHX paspHBHHX HapymeHM#l, orpaEMUMBANNMX C BOCTOKA NONOCYy pacnpo=

. CTpPAHOHAA YTKAIBCKOMR CBMTH, MJM MDPOBOZMTCA N0 NOZOWEE HEDAC 4.8 HE H-
HHX OTJOKOHMY TODMMHAABHOIO pPUdes. JpyrdMH CloBaMH, T@pPPUTOpPMA pac-
NPOCT paHeHUs 0TA0ReHMR GUOTHT-XT0opUTOB O cyOdanMd CoOTBETCTBYET
NAomMazA¥ pasBUTUA O0Poj YTKAALCKeM, KypramcKolt, MasapMHCKOR M ap-
BAKCKO# cBAT. OcTalnphas naomazs (88 MCKJIADYOHMOM IOAOCH pacmpocTpa-
HOHAA MAKCHTO3CKOrD KOMIJEKCA) COOTBETCTBYOT COPUIMT-XAODHTOBOH
cyO6danun.

Bonpoc o B03pacTe MeTAMODPMYECKHX o6pasoBaHAM ypaATayCKOTO 8E-
THKINHODMA #BIFAETCA MCKIDYMTOAHH0 CHAOXHHM M MOXET OHTH DOWeH TOIE~
KO MyTeM CONCTaBINGHMS MX C 0TIOXOHMAMM JpyI'HX CTPyETypHO-(op-
MBLMDEHNX BOH, AJA KOTODHX TOYHO yCTAHOBJGHH [0CI67Z0B8 TEABHOCTH
HENNaCTOBAHMA ¥ BospacT, bauxailuasg TaKad 30HA - 00JACTE PA3BHTHA
ZIDeBHUX CBAT BamKUPCKOre MOTAHTHRIMHODMA. Crarammee ypaaray mepo-
ZH OO0YTH He COZ6PXAT NaIePETONOTKYECKHX 0CTaTEOB, OnpezeisHMs
WB0TONHOIS BOBPACTA NDPOJ KaIMi-aproHOBHEM MET 0Z0M N0 BANOBHM OpO-
Gam ¥ MoHEOQpaELMAM MyCKOBMTA — COOTBOTCTBeHHO 340-360 ¥ 370-
430 maH, 467 (JeHHHX, I963) - noKasalIM pesKo "OMONOXS HHHO™ 78 TH-
poBKA, EfMHOT0 MHeHAs 0 BospacTe MeTaMopiuuecKEMX eCpasoBaHuit

AHTUKIUHODMS H8 CymOCTBY6OT.

B OocnezHee ASCATHIETHE ZOCTOBEDHO yCTAHOBIGHD, YTO CaMHe
BEpXHME CBATH Jpanray (apudHCKAf M QPBARCKAA B3 CeBeps, AKOHME-
cKafg M OenexelicKas Ha pre) ¢ rIy0OKAM DaBMHBOM M yII0BHM HOCO-
IrIaches nepeKpHBapTCH fayHUCTMUECKHM 0XapaKTepMB30BAHHHMM HMXHE-,
CpaiH8~, BODXHEOPAOBMKCKAMM U DEAKO = CHMAYPUUCKHMM 0TIOROHMAMH.
KepOosaTHHe NpocJod B a8pmMHCKOM M CelexelicKkedl cBMTax cozepzar
MUEDoQMTOIMTH IY (WAOMCKOI'®) Hounnexca (cOopsH aBTopa, OupezeleHMs
3.A.Eypasnesoft). Jlna apuMHCKo#, 8ROMMKCKoR u GemexelcKol cBAT
XapaKTepHH GAABKME 3HAYEHHAA WB0TONHOIO BOBPACTA 9CHOMOTHOTO LHpP-
KoHa ¥ TUOOMODOHM3M NOCHEJHETD, CXOZHHS C TEKOBHMM WB CBUT amMH-
CKo#f cepuu BalKMPCKOTD MBTAaHTUKIMHODUA. Hcxozs M43 9TOro &puuH-
CKafd, QKOMUKCEAA W OeJoKelickad CBHTH 0THOCOHW HAMA K TepMMHAAE~
HoMy pufew. 3TH CBUTH 38B6EDEANT DPaBpes CyBAHAKCKOT'0 KoMIIeKca,
CIB70BaTEIbED, BCE6 HMXEMO CBHTH [OCJA6AHETrD SABAADTCA J08MMECKAMM,
MasapHHCKAA M 8DBAKCKAA CBUTH NPOPHBADTCA TDAHATOMJAMM C MBO0TOO=
HHM B03DacTOM LUDKoHE 630460 mas. zner (KpachoGaes M ap., 1973).
B mepxax apBARCKofl CBUTH €CTH KADGOHATHHO MODOJH, 386 TapmUe
crpaTHTpafMveCKd HMEe GARHACCKOH CBUTH M COZODXAMME MUKDPODUTSIU—-
™8 I¥ Kounuaexca. [if @PBAKCKOM, MasapHECKoM M Kypramckol cBuT
X8paKTODHN 3HA YSHMA MBOTOMHOTO BO3pAcCTa M TMmoMopdusy o6ioMpdHo-
' QUPKOHE, 00mMME AJAA KapaTayCcKol cepuM BamKMpPCKOTrD METAETHEIRHO—
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pHg. WsN0xeHHOE BHMG N0BB0NAET CUMTATH NPEAKYDPTAWCKMU nepepHs
COOTEETCTBYDMMM NpPEABHIBMEDAAKCROMY , 8 npezdaiiHaCCKuil = NpepyE-
CEOMy »

TaruM o0pasoM, NPO0BOZ6HHAA KoppeJALdA CBMT CYBAHAKCKOIO HOMI-
IBKCa YpaITayCKOore aHTHKAMHODUS CO CBMTEMM OMOPHOTO paspesa Bam-
KMPCEOID MOTAHTUKIMHODHSA MO3BOAAET ONPEZ6JMTE MX MOCTO B oCumei
crpaTurpaguyeckoll mkane: Kyprawckas, MAsapMHECKEA M & PBAKCKAA CBU-
TH 0TBEYEDT BE pXHeMy pufew,; CailHaccKasm, apWMHCKARA, aKOMUKCKaEs M
GeaneKeiickas CBMTH — TepMMHAABHOMY pufem; yTKAaNLCKAS CBMTA C ompa—
ZeneEHo# ZoA6il yCAOBHOCTM MMEET cpezHepMfeNicKMl BospacT. JisA
QLOHKH BOSpacTA CBMT MEKCOTOBCKOTO KOMOJEKCE KaKMX-IMG0 nane oH—
TOJNOTAYOCKMX MM DAZMOAOIMYSCKMX ZAHHHX NOKE HE N0.y YeHO.
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Tapags MJ,, 1969, Huxuuit ¥ cposuuilt Zoxemopui. I'eosorus
CCCP, 7. XO. "Hezpa's

Topexe3s C.C., I94. Pudet xpedma ypaxray. M., "Hayka",
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CH Z0ENA79B. .

Kang W.Hey TeBuEE J.A., I974, PeruoHanrsuit mMeTaMopduaM
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Kosxnoes B.i, I972. O BospacTe JPeBHMX CBHT aHTHUKIWHO-
pug Ypanray B TupasHEcKeMm palloHe KmHoro ypaza. - "Cos.
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0 I'eépAOTMYSCKON CTPOGHMA MeTaMopduuecKMX oGpasosamMil Ypan-
T8y, - B KH.: ExerozEMk WE-T8 reoix. @ TeoxuMuu YHI AH
CCCP. CBepAARBCK.

Kpusangrurel 0., Kpusarggrana B.M., I958. Hosue
JAHHHe @ cTpaTHrpa@uM weTaMopPMUeCcKMX 00pasoBAHME 30HH
Ypanray. Hegopm. Ooan, DmHe-ypanrck, Teod. yiop., K 4.
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T8y. - B KH.: T'eodoruysckoe crpoesue CCCP, T. Xll. M.

M8 HO0B B.A., 1973, Tunmosne paspess A0KeMOpua KEHOro ypa-
na. M., "Hayka".
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M.ALKamaxerT gk HoB (CCCP)
TEKTOHUKA BEPXHEI'O JIOKEMEPUA
B PAUOHE PUOEIHCKOTO CTPATOTMIA

MAKamaletdinov (USSR)
TECTONICS OF THE UPPER PRECAMBRIAN
IN THE AREA OF RIPHEAN STRATOTYPE

JloxeMGpuiicKMe OTIOH6HMA Ha Ypale WMPOKO pacnpecrpaHeH, OHW o0=
HaEawTCA B CBOJAX PAAA KDYOHHX MOMOKMTENBHNX CTPYyKTyD BaNazHOI0
A BOCTOWHOID €I'0 CKJIOHOB.

HanGonee moasul paspes BepXHero ZoKeMOpus MBBecTeH Ha sanaj-
HOM CKzioHe Kx'ioro Ypala, B npejeyax TaK HA3HBAeMOT0 BamKMpCKOIO
8HTUKIMHODHMA, IZe Ha ZHOBHYyD N0OBEPXHOCTH BHBOZGHA MomHas (Zo
I0-I2 ®M) ToMmA TEPPUTEOHHHX M KAPGOHE THHX NMOPOZ MHOTE OCHHKIMHANE-
HOT0 TWHNE, XApaKTe pPU3yOWMXCH OTHOCHTEABHD CAACHM MeTaMopuaMoM
M NOYTH [OJHHM OTCYyTCTBMEM ByJKAHOIS HEWX 00Das0BaHMA, DTH 0TI0-
XOHUA, CHOPMUPOBEBUMECH MOX]y KapeabcKod M GaliKaIbCKoil 3moxamMi
CKIaZYaTOCTH, Guau BHAeneHH H.C.llarTcxum B pufelickyn rpynny (llar-
cruif, I945, I960).

Bamxupckull aETMRIMHOPUY MMeeT ZAMHY 350 KM M HAMOOABLYD WHpPU-—
vy II0 xu (B Gacceiiye p. MEsep). Ha sanaze aHTUKAWHODUA TpaHE-
gur ¢ [lpeaypalsCHuUM npordGoM W socTouHOM oxpadHolt YPuMCKoro nzia-
ro (paitoE xp., Kaparay), H&8 BOCTOKe - C BUIAUPCKMM CHHKIAMHODUGM M
30HO#t ypanmay, &8 cemepHee C., HUPAGMHCKOTO — HONOCDEZACTBEHHD C
MarauToropckod soHOM BOCTOYHOrO CKAoHA Ypazda.

PaccuaTpupa oMbt aHTUKIAMHODAYR XapaKTepUsyeTCA CHOXHONW TEKTOHK-
Koif 4 wcTopueli TreeIOTMYeCKOrD DASBMTUA, YT0 ABMAOCH OZHOA M3
npUuMH, 06yCIOBMBNMX CyWMOCTH0B&HME NPITMBOPE WIBHX BBIAAA0B HA
cTpoeHMe aTofl o6aacTH., DBOILIMA TEKTOHMYECKMX [1P6ZCTEBIGHMNA
paccMoTpeHa B oXHoff M8 HejaBHMX padoT aBTopa (KamaneTauHOB,
1974). OTMeTMM JIMNB, YTD B OCHOBE TEX MJM MHHX NpezcraBiesnit ne-
EYT OpH_HAHWe DyKoBoZAme# poJuM aM60 BepTUKAABHHX, W60 TOPUB0H-
TaJbHHX ABME6HKN.

B nocuezuue rojd B pesylsTaTe ZA8TAIbHHX I'60J0IMYSCKAX CHEMOK
! ZaHHHX GypeHus HMOABMIACH HOBHE (aKTH, NMoATBepRAaLmME peZACTaE-
JI6HWA 0 NOKPOBHOM CTPOGHMM BAMKMPCKOTO aHTMKIMHOpUA (HamaneTzgu-
HOB, I974). Ero cTpyKTypa 006pas0BaHa PAAOM KpyHHHX M CJOXKHD 8-
(OPMUPOBAHHLX 8JJIOXTOHHHX NJIACTUH, HaABMHYTHX OZHA H8 ADYTYyD C
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BOCTOKA, K HMM 0THoCATCH (C sanaja HA BOCTOK): Hyrymckas, Azarayc-
KafA, SuWIbMEepZaKCcKan, DpuaTWHCKAs M 3ppaTKyIscKas (pEc. I, 2).

Hyrymcrasag TeKTOHUYeCKAEA N X & C T M H& CHOXOHAE MO~
popaun BepxHero pufes, BeHpa, & TAKKe CPeAHErs M BEDXEETrD Naxeo-
80A, HaZBMEYTHME H&a naneosolfickMe mopozs [IpeypaXbCcKOro mporuoa.
OHa NpOCNGEWBA6TCH BZO0JL SANEZHOT0 KPH4A BauKMpCKOre 8HTURIMHOPUA
Gonee ueM Ba 200 KM npy wupuHe oGHameHHolifi w@cTH Ao 30 KM. B nmEs
nJaacTiHia npeAcTaBAseT COO0M MEPAIHOHANBHO BHTAHYTYD A Cnad0 BHIyK-—
Jyo K samajy noxocy, BHKAWHMBABMYWCHA B Gacceflne p. Jlemesa BcIez-
CTBME NBPOKPHTHA 66 C BOCTOKE AJarTaycKodl niaacrTMHoi. [opozs aAmX0xTO-
Ha CMYTH B CepUD JMHeflHHX CKJAJOK 4 HAapymeHH MHOI'0WACJOHHHMM p8B- °
pHBaMM MEDUAMOHANBHOTD NpocTHpanMsa. Ha wre Hyrywckas niaacTuha CoezM-
HA€TCH HOMDCPeACTBEEED ¢ CypPeHBCKAM MOKDOBOM BHMIEHPCKOTe CHHKIAMHO-
pUsa, CINOXGHHHM Naneo3ofCKMMM O0TIOXOHWAMH, BMECTE C KOTODHM OH&

A HazBUMHYTE KAK @/MHag TEKTOHMYeCKas CTPyKTypa. DT0 Z0KasHBAEBTCH
XapaKTepod BalleraHis CAATAaDMMX MX CpPOJiHE-B6PXHEKEMOHHODYI'8IBHHX
OTHOEGHMI, NPOCIEEMBADMMXCA BHA MexAypeuse Box. MEa u Bemot B BH-
Ze HenpepuBHO# noZ0CH CyOMepMAMOHANBEOTO NPOCTMPAHMA, He e0HApy-
EMBAA ﬁnuepawux AMCIOKanHli, CBMZETOXECTBYDMMX 00 ABTOHOMHHX I'OpE-—
S0HTAJBHHX ABMEGHMFX NIACTUH,.

[ozomsa Hyrywcko#f niacTdEH K ©ry oT p. Hyrym o6BEaxaeTca BA0Ab
sanajHo#f rpaHMOH 8CCEABCKO-TACTYOCKMUX MBEECTHAKOE, 8 CEBEDHES
nepecexaeT DAji CKIBZ0K, 00pa30BAHHEHX KaMEHHOYMoJBHHMM M 716 B OHCKE-
Mi OTHOEEEMAMM, CKDHBAACH B8TOM I107 HajBUrauMi Kaparayckoro EoMno-
JIeKCa,

Ha neBom Gepery Hyryma, Tam, rze cemepHag vacTs KysEenoBCKolt
GHTVKJIMHEANY DABMHTE, B TOKTOHMYECKSM O0Iy0KH® 0CHEX6HH 8pPTHH-
CKM® ocazkl [Ipezypalrckere mporuda. [upyEa moly oKHE COCTABIAGT
5 KM, 9T0 0TBEYSeT MMHMMAmBHOM BUpMMod amnaumyze Hyryuckore ne-
KpoBa, OZHAKO B 2@ dCTBMTONBHOCTH 0HA BHAYMTENHHO GONbLE, 0 WM
CBHJI6 T8 I5CTBYNT pO3yABTATH OypPOHHMA B BUIGUPCKOM  HHEIMHODHE,

'8 yCTAHOBAOHO HazBuUraHMe CypeHBCROID MOKpoBa BA I5-20 KM, ¥ us-
THBAA, YT0 HyTyuNCKaa MIacTHHA NepeMemalacs COBMECTHO ¢ CypeHr—
CKOR KaKk ezMHaA aNI0XTOHHAA MACCA, AMIIMTYZA €6 COoCTaBIAeT He
MEHO © yK8B3aHHOH BHmEe OHPpPH.

AnTeaTaycEAaA TOKTOHAYGCRAA N 1a C T M H & CIOXGEA
nopoaaMi Kaparayckolt ¥ amMHCKoM cepuif, a B pailoHax pxHoOre H C6-
BePHOTD OKoHYaHM{t, Kpome Tor0, naneosofiCKUME 0TIOXOHMAMM. [o—
CIeZHMe [0 COCTABYy M CTPOGHMD CymSCTBOHHO HO OTIMUAKTCH 0T OjHe-
BogpacTHHX o6pasopaEuil Hyrywuckolf niacTuEH, XeTH Aig HHX X8 pag-
TOPHH HOCKONBKO CO0JbIME OOJHOTA PASPesa M MOMHOCTEH, CBHUAOTOIs~

15 67



CcTByMEES 90 OTHOCHTOABHO GoABWOH amnuuTyze OorpyseHus srell Tep-
pUTOpPME B Nane080HCK06 BPOMH.

Anaraycrad NIACTHEA OPRCJOKHBEETCH B CyOMepDHAMOHEAIBHOM HANpaR-
ZeHWE 9T D. JE BA cemepe zo Xemers Gepera p. bexelt Ba wre Ha
225 KM npd mMpHHES Ao 25 KM. DkEee oHA CKpHBaeTcs moz MypazuMon-
cKkoffl aznoxToEHell nXEcTMHOR BHIAMDPCKOre CHEKIMEODMH , B JAMES 0T-
70IEHHS OCTAENH 66 COXDAHANHCH 0T DABMHBA B AApPe CyWLWeBCKOR CHi~
KAHE&TH . ‘

CrpyErypa Azatayckell TORT 0HEYECKOR NIACTHHEH B Npeae IaX o0HA-
#eHHO WACTM 0TBOWAET KpyNHoli, CHNOXHO AMCEONADoBSHHOM IMHeH-

Holl aETMEIMHBIM, MoXy W4Bued HaBBAHHEe ANATAJCEOI® AHTHKAMHODHSA.
NecaefHuit 0CAOXKHOH CEATHMH, MOCTAMA ONDOEKMHyTHMM K BaOajy CKmB2-
KAMH, YaCT0 HADymeHHHMHM paspHBAMH. BZols ABATAYCRKOI0 HAZBAra HE-
TOHCHBHO AUCAOOAPeBAHHENe TOANE KapaTayckeil copud (npeHMymEpCTBeHHO
SHABMEDAAKCKAA CBHTA) HA/IBMEY TH H& SMMHCEME NECYEHMKHA M &DIuIis-
TH, 8 MeCTAMM - HA NaNe08eHCKMe 0TIoEeHMs HyryucKo#i naacTHHN.

SavepeHHEHE DABHHME MCCASZ0BATONAMM yIIH HAKIOHA NOBOPXHOCTH
HAGZBAra B pASIMUHHX MeCTAX BApBUPyDT B MEPOKMX npeperax. Hauboiee
NoA0TME JIIH onpepeseHH B 1932 r. B BEPX0BHAX YPWEE D.X.AIKCHD
¥ cocrasagor 5-8°.

[peanpUHEATO® HAMM KBy Y9HMe CTPAaTUIrPAQEM A8BOHCKMX 0TIAOXeHMH
no p. Bexmolf nokasano,4To NOJAHOTE Daspesod ¥ MOEKHOCIH STHX 0TI0-
XOHME HE BOCTOUHOM M SaNaHOM KDHIBAX AZATayCKer'o HAZiBATA pasik-
yaprcd. Tak, OCHM Ha BOCTOYHOM KpHAe, J AeP.MaKcDToB0, MOMHOCTSH
BABOBCKMX CH06B CpDOAHeTr0 ZeBoHA cocTaniieT 80 M, To BA BanazHoM
Kpune, y AepP. AKCyTH, oHA He npeBHuaeT IO M.

TopuseHTAIbEHAA AMIJNATYZA8 ANATayCKOro HaZBUIa MOEET OHTH OIpe-
A6 I6Ha IMEG NPUCIMBMTEABHD, NpU9eM HAMGODINEe® YOTKO 0HA yCTEHABIU-
BAeTCA HAa Dre, B 0acceilHe p. bBexoit, 3p6CH nmopoas HazBMra wac-
THYHO N@PEKPHBAKT C BOCTOES 0CmAPHEYD CymmeBCKYyD CHMHKIMHA Ib. [Ipu
9TO0M CIOM HE BOCTOYHOM KPHJI® NOCAGAHeH NOAX0AAT NOA OCTPHMM yIza—
MH K JIMHAM HazBura., ECIA MHCI@HHO NMPOZOIEMTE STH CIOOM IOZ ALI0X-
TOHOM ANaTayCKolf NAaCTMHHE M ZOPACOBATH BOCTOYHOE KPHAOD CHHRIMEA=
IM, TOpUBOHTENBHAA GMOAATYZA HagBMIE COCTABUT He MeHee I0 RM.

SHABMepJAAEaKCESaSA TOKRTOHAYeCKas O X 8 C T M H a
o0pasoBaNa MOpOJAMM HUEHET®, CPefHOTD M BepxHero puies. Osa npeg-
CTABAAST MOJA0Cy CEBOPO-BOCTOYHOI'® MPOCTHPAHHMA, DPaCHUPANEYWCH
B cpepHefl YacTH H CIErKa HBOrHyTYyD BHOYRAOCTED K CEBEpPO-3amaiy.
Ha cemepo-BOCTOK® 3T Nojoca ciexyeT Ao TapaTamcKoro BHCTYNA
KDUCTalIMYeCKOro QyHZAMeHTa, NoAcTAAawmers pudeldckue Toimu, & Ha
Ore coepuHAeTcA ¢ MypazHMOBCKMM TOKTOHMUYECKMM NOKPOBOM SHISMPCKO-
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T'0 CHHEIMHOPMA; HA BOCTOE® 0HA NOPeEpHTAE IpMATHECKeH M SmpaThy s~
CKOM nasCTHHEAMH,

BHyTpeHHAA CTPyKTypa alN0XTOHA CIOXHE H HOOZHOPOAHA. CyxeHEHe
COeBOpHaH M DRHAH YACTH 66 AMCADOMPOBAHH BHA WTONHHO WHTEHCHBHES
cpeaHell B0HH, I'ZIe HA NEBEPXHOCTH B8J6raDT (0X66 MOIOAHEe NOPOAH
BepxEeTo pudes.

Camoil pEEO# CTPyKTypoil SHARMADJAKCKOd OASCTHHEH ABIAETCA Kyp-
raccKan 8HTHKIMHANG, DACHOJOXO@HHAs HA npasoMm Gepery p. Beaoil.

B cBope 66 00HSXADTCH CHSHIH DUMHCKOM CBMTH GypssHCKell cepum, a
KDHABA CADXEHH BHIralbTHHCKOH, SMIGBHHO-KOMADOBCKOW M aBBAHCKOR
CBUTEMA CpefHero pHpesr. CTPYKTypa NpOCIOXMBAETCA B MEpPUAHOHANE-
HOM BaOpaBXeHMM HA paccTrogHEMe 30 KW K cesepy of p. Bemeff. Mupusa
06, BAMODOHHEAA M0 KDOBI® SHIraibrMHCKON CBUTH, B DRHOH, HAUG0Tee
pacmupeEHEp#t vacTH jocTuraer IS5 KM. CBoZ M KpHaea Kyprecckod
CTPYKTyDH HE Dre He 06pasyDT ONABHOTOD NEPUKANHAINBHOT® BaAMHKAHMA,
a8 peaKo ¥ BHOBANHD 00pPHBANTCH, HECOIrJacCHO NepeKpPHBAACH Naieosoil-
CHMMY OTIOXOHMAMM, MMEDIMMM 8Z6ChH DAPOTHOe mpecTupanue (Kexmep,
I949; XoMeHToBCKMA, I952).

Takue coOTHOm@HME pHpelCKMX M nameosoMCKUX efpasoBaHMil cBHze-
TEABCTBYDT 0 HAPYWOHHUCTM DEHOU 4YBCTH Kypracckoit CTPYKIypH ApeBHUM
(zonaneosolicKMM) WAPOTHHM PaBSDHEOM, [6DPECEKADNUM CBOZ CKIAZKH.

AnnoxToHHDe sazeraEde puPeMCKAX nopoj BSA6CH NDATEEPEAZAETCHA M
ZAHHMMA Teo(MBMEM. J@ACTBUTONBHD, 6CIK CYATATH, YTO NMOPOAH DEME-
CKol cBUTH HMEHero pujesr, o0HaxapmMecs B azpe Kypracckolt cTpyk-
TypH, CHArapT aBTOXTOH, MH ZOIEHH OyzeM NpusHATH (y WM THBAA MON~
HOCTM pUPOMCKMX M NAJS030MCHKMX 0TN0X6HMR), uTOo BAOAE IpaEums Bam-
" KAPDCKerD aHTUKINHODMA C SMIAUPCKMM CUHKIMHODMEM CymecTByeT KpyTol
TOKT OHMYBCKAK yCTYN WMPOTHOI'D OPOCTMpPaHMA, BAUASL KOTOPOTL0 KDOBIA
RKpucTaZMyecKoro fyHZaMeHTa NorpyxaeTca K wry (HA pacCTogHMM
5=7 KM) C 34 zo I0-I5 nM. Mexzy TeM, CYZA N0 MatepuazaMm Ie ofuau-
KM, 3TOr0D yCTynma Ha rayOMHe HE CYMECTBYeT, MOBEDPXHOCTH (yHzS MeH-
T8 3)6Ch> BCWAY HAXOZMTCA HA 0AMBAKOSOM IrayouHe - oxodo II Ku,
9T0 CBMZOTEARCTRYET 0 HETJNyOOKOM BAJ0OXSHAM WHDPOTHOIQ HApYyWEHMR,
QCI0XHAVNEro DEHyD 9acTh Kypracckoit cTpyKTypH, YT0 HE COraacyeT-
CA C NpejCTABJGHMEM 0 CyWECTBOBAHMM 3Z6CH COpoca MaKM daeKcypH.
Cxopee BCero, 2T0 HAPyWEHHS ABAAGTCH J6BOCTODOHHMM CABHTOM ZA0-
OPZOBUKCKOID 3AN0R6HWA, OTPAHA WBAKEUM C Dra KDPYyNHHE aAN10XT0H-
HHM maccup pudelickux nmepoz. BAoab aTOTO0 ApeBEers casdra (Beir-
CKOT0), BO MHOTOM ONpej8JMBWETO0 OCOGEHHOCTH TPAHMUL Mexzy Bau-
KUPCKMM S8HTHKAKHOPMEM ¥ SUIBUPCKUM CUHKAMHEOPMEM, B Z6BOHCKDE
BpeMs QopMMpOBANACH MOUHHe I'6DUMHCKME DUdH, 0OHAXAWWUECH BAECHE
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B COBPAMEHHOM B3P0BMOHHOM Cpese. OK&B8&BUMCH M0IpeOeHHHM MOz T0J-
ue# mameosulicKMX o6pasoBaHui, Bensckuil czsur Gonee He "omusaxn",
ABMEGHMA N0 HoMy HE BOBOGHOBJAANACH. B NMocJaeAyomue I'60I0IMYECKUE
3M0X4 SUIbMEpJAKCKAA TEKTODHMYECKas NNaCTHHA NepeMemasach yEe
CO3MECTEO C MypazuMOECKMM NOKPOBOM SUJEMPCKOIO CHMHKAMHOPUA KaK
eAMHAA a/UIOXTOHHAd Macca. JTO INOKa3HBAATCH HENOCPEJICTBEOHHHMM coe-
AMHeHAeM 3UIBMEpASKCKOro M MypeaHMOBCKOIO0 HAZEBMTOB, yCTaHOBIEH-
HEM B.M. KestepoM (I949) ¥ D0ATBEPEZEHHHEM NOCI6ZYOWAMK ZETAJBHH MM
TE0J0TAYECKUMY CHOMKAMMU,

CpeHff 49aCTE SUJABMEPAAKCKOA NASCTMHH, CIOX6HHAA NopOZaMd Kapa-
TAyCKOM ¥ 0TYACTH DPMATMHCKOR cepuil, MS0THYyTa B OTHOCKTOJBHD 00—
T KpyOHHe CKAAAKM, IPyNOMpyoOmMECH B 00WLpHY D STPYKTYPY, MBBECTHYD
noj HaspaHMeM UH3eDPCKOI0 CHHKIMHOPHA ., CenepHas YaCTh 3uUABMEPAE K-
CKOll OZACTHHH ZMCIOLMPOBEHA BHA WITEABHO MHTEHCMBHE® — CMATA 4 Ha-
pe3aHa HaJBMTGMM B MHOTOWCTOHHNE YewyM. SA6CH, TaK X6 Kar M HA
ore, 48TKO BMAHE APeBHAA (momaneosofickad) AACTOYMPOBAHHOCTEH pudeil-
CKMX NOopoA, YTo ADKASHBEETCHA, B YaCTHOCTHM, EaJieraHWeM CUIy puii-
CKAX TJMEACTHX CIAHL 6B HA Z0A0OMUTH CaTKMHCKO! CBUTH HUXHEIO DHU-
fes y ceBepo~BOCTOYHOA OKPEMHH [0C. SA0Ka30Be (KamaleTzuHoB,
1974). [.M.Ecunmes (I948) u I'.A.CuupHop (I95I) HaG.J0ZA M TPAHCTDECCHB-
Hoe Haneranue aifeNLCKMX NECUBHMKOB CpejHEro0 ZeBOHA Ha pasHHe Tol-
my BepxHero pudes. Ha nmesom Gepery p. Al (cesepHee noc. Depasym)
TEKTHHCKUE NECUBEMKM CPEJIHOrD0 ZeBOHA C IJyGOKMM DIBMHBOM W yII0BHM
HECOrZaCHeM B38JerapT HA M0P0JaX KaTABCKOM, HHBEDCKOM M MUHBAD-
CKO# cBAT. CHOEHE&A ZMCAOLMDPOBAHHOCTE pacCMaTIpUBEEMOTD J YacTKa,
04YeBMAHD, 00yCcI0BJEHA GAMB0CTHO BA6ChH K AHERroll moBepXHOCTH ap-
XelcKo-paHHenpoTe po3oficKoTo KpucTaIAM WCKOro gyHAaaMmeHTa, no no-

BE DXHOCTH K0Toporo pufeidickue oOpasoBaHMS OHJAM COPBEAHH M N6DEMENE-
Ho B SaNafHOM HanpaBlI@HMM (THeHCOBHH KOMNJBKC, clarapmuit Taparam-
CKMil BHCTyN, 06pasyeT OTHOCHTENBHO KPYyTy® HEZABMTOBYD 96UyD).

Bepxuepudelickie nopozd 3SHIbMEDLAKCKOT'O IOKDPOBA HaLBMHYTH C
BOCTOK HA OTJAOKGHMA BWMHCKOMR CepdyM BEHJA M BEDXM KapaTayCKoi
cepun AnaTayckofl TeKTOHU ®CKOR nascTuHH, A.¥.Q@MM yKasHBaer, 4ro
NoBBPXHOCTH SWIBMEPIAKCKOTO HAZIBMIE NajiaeT Ha BOCTOK B CPeAHeM Mmoj
yraou 309, Omuako Mecramu (Mexaypeuse JieMesd M YK&8 M JpD.) HAzBUT
B NJABHG 06pasSyeT CMILHO M3BMAMCTYD JUHAD, CBAZSTEILCTBYDIG D O
eme 60786 NDJOTOM NaZeHMM SZ6CH NUBEPXHOCTH CMECTHTOIA.

CeBepo-BOCTOYHHM 0I'Pa8HVMYBHMEM 3HJEMEDAAKCKON NJacTHHW f BIUAST-
ch DepaAyucKas 38HA HAZBMIUB, [POC.ASXMBAVUAACH 0T 38IAEZHOID
kpuza TapaTamcKoro NOZHATAA B Oro-2alazioM HANpDaBIGHMHM A0 BepXo-
B5eB JleMesH M YKa. 5T0 CJAOXHAA 80H8 MHOIOWICH6HHHX, MepenJerap—

228



(CA B NJaHY Pa3PHBOE, BAOTH KOTODHX KOHTAKTMDPYOT DABHHE CBUTH
Hes, HAZABMHYTHE ¢ BOCTOKA Ha NaJe0s0lckue OTIOX6HMA YPUMCKOTO
guTeaTpa.

~ AunuMTyAS HBZBATABMA SUIEMEePAAKCKOM [IACTAHH C y® TOM TOI'D, YTO
. gHa NMepeMENAJACh COBMECTHO C MypazHMOBCKMM NIOKDOBOM 3MJ8MPCKOTO
 gUEKJMHODYA KK 6ZMHHN aAn0XTOH, MOEET GHTH OMNpe7ZeNeHa NpUGIN3K-
penbH0 B 10-I5 Kk (Kamanerauuos, 1974).

KapaearTayckulf HaagBUIreoBHA KOMOIEKEGC
. pecno/araeiCi Ha CEBGDHOM [POZ0JDKS HUM SMABMEPIAKCKOA TEKTOHW WBC=—
 golt nzacTUHL, CYyOWMPOTHHM NPOCTUPAHAENM ZHCHOKALMA 0H pPosKD 0T~
. J4UAeTCA 0T OCTEIBHEX CTPYKTYP BanajiHoro ckAosa KxHore ypana.

. 378Ch BLAENA6TCH PRZ K[y NHNX AHTUKAMBANBHHX CKIBACK, B CBOJAX

¥ HA KPHJABAX KOTOPHX 00HaXANTCA NOPOZH KapaTaycKo#h cepud sepx—

i' Hero pupes,., Brokar KapaTaycKoro HaZBHI'a SUILMEDZAKCKKe NOC Y98 HM-

{ KA C Dra HajBUHyTH HA OTIOXOHMA HUXHE! IepMM W BEePXHEIOD Kaplo-
.:” 'Ha, 8 MECTAMM - HA 4YBBECTHAKM CpejiHET 0 M HMEHETD xapGoHa BoC-

~ TpYHOA OKpaMHH YOUMCKOIO niETo. [lepes ¢poHTOM HazaBMIra HAGJDZE6T-
Ch M0Joca pasjpoONeHHHX M OKpeMHeNHX mopop wupuHo#d or I00 zo
400 M.

' {Ipy xapTupoBaHuM palloHa RepXHOTO Te YWHMA p. Boa. Aup M Iora
BHAC HAMM OWJM MpPOMBBEZGHH BAMEDH YTJOB NaZEHMA TOBEPXHOCTH
HazBMra, KoTopue cocrasuau I2-13°, Bauskue smavemma (I0-I2°)
OHI4 MoJyWHH AMA paidoHoB pex Boa. Aup u Tymapa C.M.Jlompaue-
BHM,

Tagum oCpasoM, NDI6BHe HAGANAEHMA CBUZAETENECTBYOT 0 [10JAOTOM
HazBuTaHAM pubeldcKMX mopoj KapaTayCKoro KOMOJIeKCa Ha BOpPXHO-
naneosoitckue oTA0ReHMs YOUMCKOro NAATO. DTO X0pOWO COINECYETICH
B C marepualaMy 16 0QMBMKM, CYAH M0 KOTOUPHM BZ8CH DACHOJATEBTCHA
TIyO OKBY Mporu6 XKPUCTENIMYECKOTo (yHzaameHTa, UMERUAA CyGMepuzdo-
HAJBHO® [IpOCTHp&HWe. PesKan AUCrapMoHUs MEEZY IiyOMHHOA M mo-
BepXHOCTHOHl CTpyKTypaMi, BHPaEapLaACA KaK B DA3JMYHOM IDOCTH-
pPaHUM AMCAOKAUMA, TAE M B DAaBHOM WX 3HaKe (MOZHATME HAZ Nporid-
00M), CBMZIETeNECTByET 0 WADHMPOBAEHOM 3aJerasud sjechs Bcero Ka-
paTaycKoro KoMnJexca.

Ha wro-sanaze HazBurd HapaTay cpesaHH AwWMHCKUM JIeBOCTODOHHUM
CZBATOM, BAOJIH KOTODOTO [O0POAH BODXHero pufes M naixeosod (oT
BUNBEMEDJAKCKON CBUTH 70 CPOJHEro KAPOOHA) KOHTAKTHDYOT C 0TJA0=
KOHWAMM HMXHeil nmepMu, BZOIb JMHMM KOHTEKTE BCOZLY NPOCHERMBAETCH
80Ha MUIOHMTMBMDOBAHHHX Nopoz mupuHoidl oT 20 zo 200 M, sanapHee
KOTopoit B naaeosoliCKUX ¥ AUMHCKAX 0TAOEEHUAX GyPeHHOM BHABIEHH
HeG0JbUMEe NoJOTMe CKIAZKM CeBepo—B8anafHoro NpocTHDaHMA, CBUZE-
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TEABCTBYONMO 0 POBKUM 0CPHBAHMM CYOEMPOTHHX KADATAYCKMX AMCIORE-
uuit HenocpesCTREHHO 3a AMEASM caeura. CemepHee xp. Kaparay Ammi-
CKMlt CABAT B NOPMCKMX OTJOXGHMAX MOCTEIM HAABMIE He o0HApyEMBA-
©TCA, 0AHAKO, MO0 JAHHEM IeoQM8dKM, HE rayOuHe, B pUpeltckux oTio-
EEHMAX, 8 BOBMOXHO M B NOPOAAX KDUCTAINNYeCKOTIo (QyHzameHnTa, ycra-
HABAMBAGTCA KpPyMHH# pasioM, NpoclexuBaDmUACH B COBEODO-BaNazEOM
HampaBIeHMM 70 JeBoro Gepera p. Kauu (pafioE r. Uzemcka ) cermc-
HO C MPOCTHpAHMOM APSBHMX CTPyKTyp maaTdopusHHoro QyHaameHTa
(Apxumos M Ap., I968).

Mo BCeil BOPOATHOCTHM, STOT PASNOM APeBHEEr0 BaN0X6HWA cWrpaln
BaxHy® poXs B QOPMMPOBAHMM CYyOWMPOTHHX AMCHOEALMA KapaTayckore
KoMnuexca. OkasaBmiCh HA 0y TH N6PEMENABMMXCA K 34084y TOHN Pi=
delickax ¥ nazeosolicKMX MopoA, OH fBMUIACA CymecTBeHHoll nperpapoil,
sazepxaBuelt ¥ Kax OH noznpaBuBuefl HaNpaBNEHMe IOPABVHTANLHOID
ABMEOHHA nopoA. [Ipr aToM B ysKoM nonoce, BOOECPOACTBEHHOD IIpHMH-
Kapmeit K pasloMy C BOCTOK&, BOBHMKIA 0CHACJGHHAA BOHA, T'je ABH-
EOHM® HAZBUIOBHX NASCTHH OHI0 HOCKONBKO 00IOIY6HD,

CoppaHHHe SanazHHe YACTH HAJBMI'OBHEX wvemyll BZoap IWHAM CABU-
ra sazipaHH (0Je6 BHCOKD, BCOGACTBMO Yero 86Ch 00HAEGHH Gpiee
ZADeBHME YaCTH paBpesa BepXHOrD pUdes, CPesaHHHe® JMHMENH Hapyue-
HMF OonepeKk X MX npecTupardp. Hapsurd xp. Azmurapzex ¥ BopoGsu-
HEX POp C yAGJeHAEM 0T AuMHCKOI'0 CABAr&8 MNOCTeNSHHD B8TyXanT
i TEepANTCA B NAA60B0UCKHEX 0TJA0XOHHMAX, 9T0 CBAZPTOINECTByeT @ pas-
Holf MHTOHCMBHOCTH ¥ CKOPOCTH ZBUXGHMF, Np¥ KoTopol sanagEws
gacTi weumyi, npMMEXapmue X AmMHCKOMYy CABMIY, ON6DexXaXH B CBOGM
ZABMXOHAM COCOJHMe C BOCTOKA BOHM, YT0 B KOHOUHOM CU6T® M OPUBE~
0 K COB/8HMD CR0O06PASHHX WMDOTHHX jAucIoxayuft Kaparayckore
KOMOIBKCa,

DpuaTuHCKEKASA TOKTOHMYECKAA NI I 8 C T M H 3 CHOEGEHA
NopoZiaME HUEHOTO H cpezHero pupes, 8 B WXHOM yACTH HA HOCOIXBEOM
yuscTHe - KapaTayckolf cepuell. B nuaHe eHA npeacTaBaseT cofolt
neaecy pumeol 2o 200 KM M wApHHOR Zo 25 KM, Ayroo6pasHo MBOTHYy-
TyD BHOYKJOCTED K 8anazy. Ha cesepe, B palioHe B6PXHOrD WUPOTHOID
TOUHMA P. pD38HE, 9T8 N0J0CA TEKTOHHUSCKH BHKAMEMBAGTCH, A HY
pre, Ha JeBoM Gepery p. BeaoHd, pesxo cyzaerca (zo0 2-3 kKM). Jlazee
K ©ry nepoju, c.arapmue puaTHHCKYD NA3CTUHY, NOTPYyEADTCA NOZ
HOCOTA&CHO NEDEKPHBADMME MX na/eos30#CKMEe 0TNCES HHA.

CrpykTypa neHTpaibHOfl, GoJee mMpoHol wCT.4 9TOM MAACTHHH 0TBE-
yaeT KpynHoR croxHo# CTpyKType, MsBeCTHoll Moz HasBaEMeM fMaHTAYC-
KOro 8HTMEIMHEOPUA. OCHOXHAOWMO® CKIAZKM BHCMAX NOPAZKOE HMEDT Cyl=-
MEDHAMOHAZIBHO® ¥ CEBEeDO-BOCTOYHOS NPOCTHADAHAH: OHH 9acTO HEpyEe-
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M PABpPHBAMM, NPOCIOXMBANMMMUCH KAK COTASCHO CO CKIBJ WTOCTHD,
'®AK ¥ B WMPOTHOM HanpaBieHud. Ha sanaze mopoaw KpmaruHcKoi
. gEacTHHH H8ABMHYTH HA 3MIBMEDZAKCKMA NOKPOB, @ HA BOCTOKE Mepe-
';pstu 30paTKyABCKOR niacTuHOl.

K BoCTOKy 0T nec., UH@6p B TEKTOHAYECKOM N0JYO0KHE, 00p830BAHHOM

.~ @EMPOTENMA pABpHBAMH, BADID (GpoHTANBHEOR WACTH HajBUra DOHARAWTCA

moPoji SMI84BIMHCKOR M BMIa3UHO-KOME8DPOBCKO{ CBMT 3uJILMEDZAKCK 0l
paacTMHEE., PaccuMaTpuBacMOE NOJYOKHO NPOCIGEKWBAETCH K BOCTOKY Ha
8 KM, UTO M ONPEAENA6T MMHMMANBHYD TODH3OHTEIBHY 0 SMIMATYZy Kp-
MATHHCKOI'0 HazBuIra., B ZoivHEe p., Beaoll oH HECOIJIacHO NepeKpHBA-
97CH OPAOBUKCKUMU OTJIOES HUAMM,.

BocTovyEiee 3UABMOPAAKCKOA M KpMATHHCKONA CTPYKTypP PacHoJEIaercs
SpparTRY AHC KA A TOKTOHMYeCKAA NA a CT M HAE . B ee
CIOXeHMM yYacTBYDT NOPOZN LUPOKore crTpaTUrpaduyecKoro AuanasoHa -
0T Ma8maKCKoff ¥ SMIralsIrMHCKOR CBMT cpeaHero pufes A0 QaMeHCKOTD
fApyca BODXHOT'D 76BOH&. 574 NAACTMHA NPOCHEXUBEETCA B BUAE M0J0CH
mupkEofl Zo 35 KM 0T BOCTOYHOTO KpuJa TapaTamcKoro NoAHATUA A0
AoauER p. Benolt, Ba paccromHWe oKedo 300 wu.

SppaTKyABCKAA NNACTMHA HaZBKHYTa C BOCTOK& HA pMaTMHCHUMA, &
08BepHO® BODXHEIO TOUeHEs P. KPW88HB - HE 3UABMODPAAKCKHA MOKpO-
BH, [opozy onkchzaeMol NASCTHHEE YpesBHYAMHOD MHTEHCUBHO guchoud-
POBABHH; OHM CMATH B CKIAJKE W HAPYWEHH MHOI0WICAGHHHMM paBphBa-
MR pasuiuHHX HanpaBaeHki, CHoxHaA AWCHPLUPOBAHHOCTS HOPOX Npod-
80mI8 B8JeChH 6me B AO0DAOBMKCKOE, BEDOATHO A0Inaje030liCKoe, BpeMs,
YTy yCTEHABIMBAGTCH [0 POSKOD HECOIJNACHOMY NODEKDHTUR MX CpepHe-
H BOPXHOODZUBMKCKMMM O888JbHHMM KOHIIOMOpATEMM M [6C W HUKEMM DC-
HOBAHMA nazeesoficKoro paspesa 3KZAMPCKOre CHHRIMHODYA 4 Opwsan-
CRof cuurmMEAIM, C BOCTOKA HA BOPaTKYyABCKYD NAACTUEY HAABMHY TH
MOTEMOD(QH YO CKME CHEHUH W KBADUMTH BEDXHEro J0KeMOPHs B0HH
dpaxnray.

Taxum o6pasoM, CTPyKTypa BauKMpPCKOro aHTURIAAHODHHA, B CBETE
COBPOMGHHHX A8HHHX, NpeICTARIASTCA ZOCTATOYHO CHOXHOM u onpe-
ABNA6TCH CyMOCTBOBAHMOM D8 HAZBMEYTHX 0ZEA HA APYTyD TeKTOHE-
YOCKMX nI8CTHH. [[pUyeM mopogs Sanemeprarckolt, KpmaTuECKo# M Sopai-
KyABCKO#t nA8CTHH OHNY WHTEHCHBHO ZMCIONHPOBEHH 6ME B Z00PA0BME-
CKpe BpOMA B pOSyAbTaT™ OalikaIBCEOM CKIAUBTOCTH, Co3ZaBuell B
BOCTOYHPM WACTH COBPOMOHHOr9 BaNajHNI0 CKIOHA Jpaza KpymHY D
CRIB 48Ty CTPYKETYDY.

B maneoselickoe BpeMs TropHHM peared, cosganHui OaiRaabcKolt
CEI8Z 9@ TOCTED, GHA NONHOCTHED CHMBONMDOBAH M pujellcKMe oTHOES HUA
O0YTH MOBCEMECTHD HOCOTJACHD NOPeKPHTH MomHol Toame#t ocazges.
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HoBuit sHepruusHll aucTpoduaMm npoMsouesN » KOHIe Naleosod, B spo0-
Xy BapucCKoll CKIa79aTOCTH, KOTAE OKOHYaTeNbHD CHopMMpOBAIACE COBpE-
MOHH8A CTIPyKTypa YpaJa. 9T8 CKIAZWTOCTH 03HEMEHOBAJAch o6paso—
BAHMOM HOBHX KDy MHHX maphAXei ¥4 "oGHoBNeHMeM" ZBUEE HWIl alloXToH-
HHX MBCC BJ0Jb [10BEDXHOCTe! MOKPOEOB Galikansckore Bospacra. OfHa-
K0 OpMaTHHCKAA M 3DPATKYyIsCKAA ONACTHMHH, CHNafHHHE Oa8MKaILRCKoM
CKIAZiYaTOCTH, B BAPMCCKO® BPEMA NOYTH HE MCOHTANM 8BTOHOMHHX
IBuEe Hiil, Kak pMaTUHCKMR, TaK M 30PaTKyARCKMA HAaZBUIM HeCOTIECHOD
NepeKPHTH Ha W6 NaJe030HCKAMA OTJOXEHMAMA W B NOCHAAHMX HE Opo-
CIeEMBANTCA. STO A236T OCHOBAEHME N0JAT8ThH, YTO0 ZalbHeliwee HaZiBMTA-
HMO BA3BAHHWX NIACTMH MPOMCXOZMA0 COBMECTHD C SHIABMEDZaKCK ol
MJBCTUHOK, B BUZS OJMHOTO SIN0XTOHA,

CnezopaTelbio, B CTPyKType DalKupCKOTD aHTMKIMHODUA Y6TKO yCra-
HaBAMBADTCA KAK APeBHME, aonazeosolickue, TAK U C0JB6 MOJOZHE,
BApUCCKUE, AUCIOEANMM,. [IpMdeM NOCHGZHAE FBAAKNTCH MIM yHECJSJ0BAH-
HHMM, OCHOXHADNMMMA paHEMe pedopmamui (OpMaTHHCKANA, BopaTKyJIBCKMI
4 3MABMEBDZAKCKMI NOKPOBH), MIM BHOBH 06pasoBaHHuMu (HyTrymckuit
AnaTayCRMA HAZBMIM), MIM, HaKOHel, CHODMUDOBAHHHMM B BADUCCKYD
3N0Xy BAOAD ZDeBHKX, SNMKAPeNECKMX, TEKTOHMYSCKA OCNEGJAGHHHX BOH .
(AmvBECKH# czBMT). Ca8zyeT OTMETUTH, 4T0 CTPyKTyPH G0JeGe ZDEBHETD
Ball0KeHUA BCJGJCTBAE HAJOEKGHHHX TeKTOHMYECKHX NPOLECCOB XapaKTe pu-
8yDTCA G0J6€ WHTOHCHBHOM AKCIOLMDPOBEHHOCTHD., B D6 AE/aX HAZIBUT OBHX
OJNacTHH (0466 MHTEHCHBHO ZIeGOpPMUDOBAHH MX QPOHTEJIBHHE B0HH.

Taxum o6pasoM, BamKUPCKMM aHTUKARHODAX CHODMMDOBAJZICA B Nponec-
C& MHOTDKPaTHOI'0 ¥ AJMTENABHOTO WAPBMPOBAHMR M HAaZBUTEHMA C BOCTO-
K8 KpyOHHX TOKTOHMYSCKMX NNACTHH, CAOKEHHHX MOEHHMY TOJNUWAMA Di-
QeilCKUX ¥ Nane0s0NCKUX NOPOZ,M NPEACTaBAReT COC0M JOKANBHYD B0HY
TEKT 0OHMYECKOT0 CKy UABaHMA Nopoa, c@opmnpuna_smyncﬂ, CyAsa N0 JiaHHHM
reo}UsuUKM, HA MECT8 I'NYyGOKOTO NOrpyXeHUs NOBEPXHOCTH nJATHopMeH-
HOro QyHA8MOHTA M HAKONJGHAA MOWHHX 0C&J0YHHX Tolm. HecMoTps
GOJBUY0 CAOXHOCTS TEKTOHWKM BaWKHDCKOrD S8HTHKAMHODMA, o6mas mo-
CIeZ0BATENBHOCTE DUPENCKUX OTAOXGHMI 376CH yCTAHPBIGHE BIOJHE
HaZIeXKHO ¥ He BHBHBAGT COMHEHMA., DTOMy CNOCOGCTBY6T TO O0GCTOATENDB—
CTBO, 9T0 B NpeAcAaX TOKTOHMYECKMX 18 CTUE COXDEHAETCHA CTpaTurpa-
(uveckas nocnezoBaTeABHOCTH A0CTETOYHO KPyIHHX 0TPESKOB paspesa.
Tak, B npejelax SWIBMEDNAKCKOM NJACTMEN HAGIOAALTCH B HOpMaNBHOR
noeciaezosaTeNsHOCTH OypP8fAHCKAFA, WPMATMHCKAA M KapaTaycKas CepuM,

B AzaTayckoll niacTHHe BUZHH CTPATMIrpagMyecKue B3aMMOOTHOMEHUA
KapaTayCKod W suMHCKoM CepUll ¥ Toim HMXHErD Nnaaeosod, B Hyryuckod
OA8CTHHO — BMMHCKO¥ cepuM M ToJm Nane080d U T.A. Koppedagus oa-
_HOBOBPACTHHX TOJNH, 0CGHAXGHHHX B DABIMYHHX MAACTHHEX, UIMPaeTCHd HA
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KOMIJEKC IMTOIOTMYECKMX, DPAZMOTe0XPOHCIOIMYECKAX M GHOCTPATHIpa—

~ (puueCKUX (CTPOMATONATH, MUKPOQHTOINTH) A8 HHEX,

Ap
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T cKH#K H.C., I945. OwpKM TeKTOHMKNM BoAre-ypansckoil Hef-
TEHOCHDH o006ZacTH M CMexHofl YacTM samaZHOr'D CKI0HE WKHOID
Ypana. - "Boax, MOMO", T. 2, BhO. 2(6).

Tc KM HeCoy I960. MpuHuMON cTpaTMrpadui NosAHEID JOKEMG—
pua U oObeM pugeiicko#t rpynnH, - B KH.: JIOKI8AH COBETCKUX
reoJoros Ha 2I-# ceccuu MexpyHapoAHOTD I'€0A0IMY8CKOTOD KDH~
rpecca. [lpofiema 8. CTpaTHrpadua NoszHeIr0 AOKEMODUA W HeMO—
pua. M., Hazg-Bo AH CCCP.



Araraycras

P u ¢, I. TexkToHKuecKas cxema Bauk#pcKore aETUKIMEODH S

I - rpasngu CTPATUrpaHYBCKEX KOMINEKCOB; 2 - CTpa TArpaguvec-
KM HECOrJacH&s IPaHANA MOXJy Nale0s0MCEKMME M AOKOMO P iCK uMB
OTJOXGHUAMM; 3 ~ JMHAM mapsamell M HajBHT0B; 4 - BHX0Z &pxeil-
CKO-HARHENpoTe poaoliCKUX nOpasoBaHMil Ha Taparamceom ®ucTyme;

5 = aNOXTORHHG runepeazMTH. Luppamu HA KapPTe NMOKABAHH TEKTO-

HHYECKNE NJIACTHHH SHIAGHPCKOID CHHKIMFopUA: I - Cyomesoxasg »

2 - lKckea, 3 - MypasuMpBCKaA
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P n c. 2. Cxemarnyeckuift reonorndeckn#t paspes uepes
Bamxupckuit anTaxaaHOpMk

I - mepms (apriUUMTH, DECYAHAKH, MEDIeJH, TUICH,
AHTUIPATH); 2 - KapGoH (MSBECTHAKA, NOJOMATH, ap-—
THJUIHTH, MEPIeJd); 3 - HeBOH (M3BECTHAKA, NOJOMA-
TH, OPOCHOM NECYaHHMKOB); 4 - maneosolfl (aprapmmTH,
NeCYaHUKA, M3BECTHAKMA); 5 — nameosoif I'mapHOro
YpanscKoro mapbaxa (ByJAKaHOTHHO—-OCANOYHHE noporH);
6 - amuHCcKad cepus BeHHA (IeCYAHAKN, ANEBDOJATH,
apriumiTH) ; 7 - Bepxuu#k pmpedt - meHn (mecuanmrm,
aprUIATH, W3BECTHAKH); 8 - Bepxmmit pudeit (mssecr-

HAKA, NECYAHNKM, APTAIATH, ANeBPOJATH); 9 - BEpX-
Huit pudelt soEH Ypanray (kBapmprH, MeTamopdavecEHe
cnanmE); 10 - cpemuait prge#t (KBapmETO-IeCUAHUKM,
[eCUaHMKA, ANeBpOMATH, moaomuTH); II - cpemmmit pm-
et somy Ypatray (meramopuuecKEe CIAHIH, KBADIR-—
mH, avfudomatd); 12 - Emxnult pageft (xBapmaTH, mec-
9aHAKA, IOJOMATH, mepreim); I3-I6 - pade#t; 16 -
apxeit - Huxmuit mporeposoft (rue#tcH, IRECIMIMTH, 8-
JI@3ECTHE KBApIATH, IpaniTH); L7 - COPOGHTAHATH;
18 - crpararpaj@veckre rpaHAH; 19 - TeKTOHAYECKHE
KOHTaKTH
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JeB.X a panag x (BeauEoGpATaHAA)

OCHOBHWE KOHUENUMM XPOHOCTPATHIPAOHM ®CKOW EKAJH JOKEMBPHA
W.B.Harland (Great Britain)

THE MAIN CONCEPTS OF THE TIME-STRATIGRAPHIC SCALK FOR TEHE
PRECAMBRIAN

CymecTByDT ,BA8 THOA CTpaTUrpaf#vecKHX mOADasSzeNe Hill,

I. XpoHocTrparTurpafuyeckue NozpasjeleHUA A8 N0CIS ZHE-
I'0 BPOMEHM He MMeXM YOTKMX ONpeAeNeHMYi, Ho NozpaszeneHus
(faEepo30ifcKO# YacTH mKaJH GHIM B o6meM OPUHATH (POAHHHM
ofpaseM [0 XapAKTHPY CBOMX MCKONAGMHX ODraHMBMOB). Ux
Hepapxus BHIIAZMT CHeZyOWEM o0pasoM: DOHeTEMA, BpaTeMma,
cucTeMa, 0T[6d, APyC, XPOHOB0HA, EHIA NpH3HAHE HEO0OXO0AM~
MOCTE MOXAyHEDOZHOTO COPJameHMs 0 MX HABBAHMAX H oOpeze-
leHAsAX. CO0TBOTCTBEHHEO HanMOHSIBHHE M MOXAy HADOZHHE 0p—
T4 4MBAIMM pABpACATHBANM IA0CAABHyD CTAHJAPTHyD CTpaTH-
rrpaduyecKyn mKany, Kaxz0e 00ApPABJGNEHMS KOTODO# 70IXKHO
AMBTE:

a) o0menpuHATOE Ha3BAHMG,

) oOmenpuHATO® NONOEKEHEMe B KIacCHURamMUM,

B) 00mM@NPMHATHN cTaHapT.

B HacToAmee BpeMA MDUHATO, W0 CTAHZAPTUSALWA MEEIH
JOIKHS NPOMBEOAATHECA N0 ONODEHM TOYEEM B XODOHO MBY Y6 HEHX
TUNOBHX Paspesax, GOMATHX ANCHMM NPMBHAKAMH, KOTODHO MOE-
HO MCNOAB30BETH ANl BCBPACTHOW Koppeasquu. Tak, cHIyp-
JieBOHCKaf rpaHMNa OWaa onpepeleHa B Kionke, 8 Apyras Mex-
AyEapozHaas padoyas rpyona NHTE6TCA yCTAHOBMTE Oy HKT AJH
ZOKeMOpUACK0~-KOMOPUACKORA rpaHMyb. Kak ToIXBKD GyZ6T AOCTMI-
HyTO0 B3aUMONOHMMAHWE 0THOCUTENBHD HeoOXeozumocTd aTe#t pado-
TH, COrZaNeEMd 0 ZPYTHX TOUKAX MKAAH MOXHO Oy78T Z0CTHI
GHCTpaa.

Korga Ragzas TpaHMna CTSHZAPTUB0BAHA B ONpeAe 6 HHEOH
TOYK6, 5TA TOUKA B OOPOZE COOTBETCTBYOT TOMYy MOMGHTy Bpe-
MOHM, KOTZl@a 8T@ YacTh NopojH Ouaa copuuporaHa., I'paEuna B
9T0M CIyyae CTAHOBMTCH BOBpACTHOH rpaHMnei, TouydAo MBBECT-
Hoil ToapKo B 2Toll Touke. Kaxzas rpaHMua MoxeT OHTE OIpe—
Jl8I6HA TOABKO B 0ZHOM Touxko. B JoGoM ApyToM MecTe NoJoxe-
HHe rpaHANH MOKET OHTH TOJBKD paccWiTaHo, TAK KaK I'paHALa
ABJAAGTCA A6fCTBMTeNbH0 CHEXPoHHOW. [lo oTolf npuuMHe Doz~
pasjeleEMs Nopoj cCymecTByOT, HO HE MOIyT CHTS yBePOHHO
MAeHTUQMOUPOBAHN HA CBOMX IpaHUNax. [loApaspeleHus WKaJH



No3TOMy Jy e PACCMATPMBATE KaK NoZpABJ6A6HUSA BPOMEHM B Cla-
Ayomelf Mepapxud: So0H, Bpa, Nepuon, snoxa, BeK, XPOHOBOH.
Onpepelds MX MOZ0OHHM 00pasoM, MH MOXEM CUATATH 3TH mojpas-—
JeIeHWs BDOMEHW HEBABHMCHMHMU 0T M3MEHOHMI B jpPOBHE Te0A0TA-
96CKHX BEAHMU, OHM OyAyT ABIATHECA CTEOUIELHHMM COITameHMAME,
TOrZa KAK I 0J0TMYOCKHME BHAHMA HOCTAaCOMIbHH; PABBUBAACH, OHM
BIAAADT HA yBEPEEHOCTH, C KOTOPOH WH MOXGM HDOBOAUTE Koppe-—
JIANQUA M OLEHMBATEH NOJNDX6HME BOBPACTHHX TpaHML B yZ8J6 HUM

0T ONOPHHX TOWK,

2. T00XPOHOMETPUYECKHE NOZAPABZEN6HUA NPEACTABIAKLT CO-
6o#t apyro#t TUN BOSpPACTHON WKAJH, KOTOPaA OCHOBAHA Ha epu-
BANAX NPOJ0JEMTEABHOCTH BpeMeEM (HanpuMmep, rof) 4 KPaTHHX
AM 9uCcNax.B 9TOM CAydae WX MepapxuA SaBACKT 0T MOPAAKA Be-
mgue: 107 = Ga 3 I0° = Ma; I0° = Ka; I0° =Ia. Mu ucmoas-
3yeM 3Ty WKANy BO BCOX CIy4Yafx, KOPAA OLEHMBAGM BudpECT
B rojax.

B reoxoru¥ jaHeposod NPAMEHANTCA 006 9TH MKAJH, H BCE

NONHTKM WX CONOCTABIEHM§ ABJIANTCA M0A63HHMU. f yOemzeH,
YTO 9T WKAAH HyXHH M ZJA Te0JOrWM Z0KeMGpUA, KOTOpas HE
ABIA6TCH (yHZaMeHTANARHD WHo#l, Takum o6pasoM, B CTPaTHUrpa-
(UM ZoKeMOpAWA KpoMe o6WEenpusHAHHOID MCNOABB0BAHHAR Ie0Xpo-
HOMOTPAYSCKO# WKAJNH ZOJAXHA MCI0JAB3DBATHCA M XPOHOCTPETH=—
rpafuyecKas WKaIA.

[lepeunciIOHHNE BHUE@ BOBPAcTHHE (IG0XPOHOJOTMYBCKMUE)
OoZApaszeieEds COBEPUEHHD OTIMUHH 0T MMEDEAX COGCTBEHHHE
MMEHA MOCTHHX MOZpaszeleHMit, MCHOJB3Yy MHX B CTpaTUrpaguu
KaK [epBHO 0NMCATEABHHE XapaKTepPUCTUKM W K&K 0CHOBA KapTu-
DoBaHWA. OTH OOADASAGNEHMA yCTAHABIAMBAKNTCH N0 JNOOHM
JAOOHEM NpusHaKaM. OHM Z0JXHH WaeHTUdMUKpOBETHECH B Noke
M MMETH HOOZHOBOBPACTHHE I'paHMIH. OnpejeineHMe MX BOspacTa -
3T0 0TZ6/ABHAA padoIa.

BumeynoMsHyTHe ONMCATEJNBHHE M I'€0XPOHOJOIMYSCKAS
METOZN MCHONB3YWTCH IMEE KAK MHC TDyMEHTH ZJA NOHMMAHMA
3B 0JVIHOHEEX ABIOHUA (GMONOTMUYECKAX, MATHHTHHX, MBOTON-
HHX, MATMaTUUECKUX, TOKTOHUUYECKMUX, AATOopaLM8 IBHHX, KIW-
M4THYBCKHX, 9BCTATUYBCKUX M T.[.). IT0 WHTEPOCHHE O0CEOK-
TH IeCJOT'MA, 8 ZNCLYNANEH, CBFS8HHMe C HUMH, 00eCleuMBADT
HAC ME@TO/|@MiH BOBPECTHON KoppeNALMM.
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The essential concepts here are not new. I will first remind you
of the kinds of scale that we can use and then make some comments
and suggestions.

We need time-scales so that different interpretations of the
evolution of the earth and life by different geologists, in diffe-
rent countries, can be expressed in an agreed way. We can then dis-
cuss problems of correlations without wasting time through misunder-
standing of the expressed ages of rocks and events.

I first distinguish two quite different kinds of scale: - based
on
1. a natural sequence of events (phenomena in Table 1)
2. an artificial selection of standards (geochronologic framework

in Table 1).

1. Natural or evolutionary sequences have long been used. Exam-
ples are: sequences of selected fossils; geotectonic events; magne-
tic reversals and polar wander; geochemical evolutions; climatic
oscillations. This list could be extended to include all geologi-
cal phenomena.

Natural sequences have many advantages for a time-scale, and
most stratigraphic scales have been built from such concepts. But
they are concepts; they will change with more data, and we cannot
stop them changing. It is also difficult to agree how to express
an evolutionary sequence precisely. We each have different ideas
how best to do it.

Natural sequences when schematized give a useful general scale
but are not good for detailed work. Because of this, alternative
scales that are based on artificially selected standards are being
developed and are being set up by international agreement. This
will take time, so the general scales will remain fixed until there
is good enough reason to change.

2. Artificial time-scales. The two artificial time-scales that
are now being standardized with different kinds of division are:

1. chronostrat/igraph/ic scale of divisions; 2. /Geo/chronometric
scale of divisions,

The first is sometimes said to give relative ages and the se-
cond absolute ages, but both give relative ages and the essential
features of each scale are summarized below, Within the context of
this paper, which is altogether concerned with geochronology (sensu
lato), I use the shortened form as being more convenient.

2.1. Chronostratigraphic divesiohs until recently have not been
clearly defined but divisions of the Phanerozoic part of the scale
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} have been generally understood (largely by their fossil charac-

!

1

ters). They have been arranged in the hierarchy: eonothem, erathem,
system, series, stage, chronozone. The need for international agree-
ment on the names and their definitions has been recognised. Conse-
quently organisations (both national and international) have been
working towards a global standard stratigraphic scale in thich each
division will have.

(a) an sgreed name,

(b) an agreed position in the classification and

(e) an agreed standard.

It is now accepted that the standardization of the scale will
be in reference points in well-described type sections that are
rich in any characters that can be used for time-correlation. The
Silurian-Devonian boundary has thus been defined at Klonk, and
another international working group is attempting to establish a
point for the Precambrian-Cambrian boundary. Once the reasons for
doing this are generally understood, other points in the scale
could be agreed more quickly.

When each boundary has been standardized at a point, that point
in the rock represents a moment in time when that piece of rock was
formed. The boundary then becomes & time boundary only definitely
known at that point. Each boundary can only be definmed at ome point.
In every other place the position of the boundary because it is tru-
ly synchronous can only be estimated. Because of this, the divi-
sions of rock exist but cannot be identified with certainty at their
boundaries. The divisions are therefore better conceived as time-
divisions in the following hierarchy: eon, era, period, epoch, age,
chron,

Once defined as above, these time-divisions are independent of
changes in geological knowledge. They are stable conventions, whe-
reas geological knowledge is unstable; it evolves and affects the
confidence with which we can corrclate and so estimate the position
of the time boundaries away from the reference point,

2.2. Chronometric divisions represent another kind of time-
scale that is based on units of duration (e.g. a year) and multiples
of it. In this case the hierachy is in order of megnitude: ﬂ09 = Ga;
107 = Ma; 10° . Ka; 10° - Ta, We use this scale whenever we estimate
an age in years.

3. Discussion
3.1, Both scales are artifacts, They are made by sclentists as tools
to work with: therefore they can be designed for the work. They exist
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already but need extending, improving and sharpening. It is sen-
sible to make them gquickly for early use rather than delay for
many years to perfect them, as they have no value in themselves.

The real work of geologists is to understand the many aspects
of evolution of the Earth and life. For this we need to correlate
rocks, and for correlation agreed scales are useful. We can later
improve or replace parts of a scale but in the meantime the scale
will be stable and exactly defined.

3.2. Objective standards avoid circular ar ent., In the alterna-
tive kind of scale based on natural evente (for example: stages

in Precambrian evolution) the divisions would be natural divisions,
or so we may think. Use of such a scale will tend to confirm the
assumptions made; but it will not be the best way to discover if
the assumptions were good,

An artificial scale with objective standardization will be a
better test for all ideas about natural sequences, It will provide
for the comparison of one sequence with another without depending
on assumptions about them.

3.3. The number of scales should be reduced to the minimum., It is
useful to have many natural sequences for correlation. (e.g. stroma-
tolites, microbiota, glaciations), and to have artificial scales
in every region; but to make correlation practicable it is best to
reduce the number of scales used as standards to the minimum. I
suggest that the minimum number is two, that is the two discussed
here, namely: chronostratic (Cambrian etc.); chronometric (in
yoars).
3.4, The two scales are complementary. Each does something the other
cannot do, Each is useful in particular circumstances. One cannot
be defined by the other. The calibration of one against the other
is improving but there is no prospect in the foreseeable future
that one such scale could be eliminated without loss of significant
information.
3.5. Zhe two mcales are not defiped by the common methods of app-
lying them. For example, it is often supposed that the chronostra-
tic scale depends on fossils and that the chronometric scale is
indeed the radiometric scale. Age estimates from palaeontology and
isotope geology are expressed most frequently in the two respecti-
ve scales but there is no exclusive logical relationship., Long
before radioactivity was discovered the geochronometric scale was in
use, based either on years or on geochrones, and often on estimates
for rates of evolution or other processes. Some of the most precise
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chronometry depends on seasonal effects. Conversely radiometric da-
ting may be expressed in chronostratic terms.

3.6. Precision and uncertainty. It is sometimes argued that if the-
re is much uncertainty in correlation it is a waste of time to make

“standards very precise; some "fuzz" is said to be inevitable. But

there is good reason to make standards precise: so as not to add
the uncertainty of definition to the uncertainty of correlation.
Correlation at any time will have more or less uncertainty and
we should not increase that uncertzinty by adding the quite unnece-
ssary uncertainty of definition of the scale divisions in use,

The scale (defined precisely) does nothing to make correla-
tion precise but it totally removes one of the many elements of
uncertainty in expressing correlation, for example, in the meaning
of words that are frequently in use.

3.7. The Unity of geoscience. I believe that principles good for Fha-
nerozoic geologists are good for Precambrian geologists and similar-
ly principles good for Precambrian geologists are good for Phareno-
zoic geologists. That message has been expressed clearly in this
symposium. The principles expressed here apply to the Precambrian
time-scales as well as to Phanerozoic timescales. Therefore the two
kinds of artificial scale used in Phanerozoic geology will be useful
in Precambrian geology. Any named division defined in years will
belong to the chronometric scale and any defined in a particular
rock sequence will be chronostratic.

4, Suggestions
What I have argued above I believe to be true. What follows is con-
troversial. I shall express opinicns, in order to stimulate some
dielogue and action, and naturally must be prepared to change my
position as a result.

4.1, Development of the chronostratic scale. a. We urgently need a
set of acceptable Precambrian names for latest Precambrian times.
b. They should be put in an agreed classification scheme. c. Then
step by step the boundaries can be agreed as ccnvenient in boundary
stratotype reference points.

Table 2 is adapted from a publication and the names included
with an asterisk are included for illustration only. If I had been
on the Bashkirian Excursion before submitting that table for
publication it might have been different and it would certainly be
modified in the light of discussions at this Symposium. But the
time is ripe for international discussion of such a scheme. Note
that whean a scheme is agreed, if a name be taken from existing
stratigraphic usage e.g. Riphean, Aphebian for the global standard
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chronostratigraphic scale, it will be defined in boundary stratoty-
pes wherever seems best and not necessarily in the countries where
the names originated. In the same way the besat locality for the
initial Cambrian boundary stratotype is not being sought in Wales.
4,2, For the geochronometric scale. There is no problem if we only
use numbers. We only need to choose which second of time is our
standard (either the astronomers' emphemeris second or the phy=-
sicists' caesium based unit). The one cannot be defined from the
other.

However, the question recurs, and is again occupying the atten-
tion of the Precambrian Subcommission of I,U.G.S., as to whether
names are useful for particular spaces of time to be defined in
years. For example, some divieions like Proterozoic, Archaean,
Aphebian all have been proposed to be defined numerically. Alterna-
tively, early, middle or late Precambrian time has been proposed for
divisions to be defined by years.

If, and only if, it be thought useful to have names for dis-
tinct nuueripal time interests, then I make three suggestions:

(i) that round numbers be used, e.g. in units of 500 Ma, and
that no more precise attempt be made to fit the natural evolutiona-
ry sequence in the Earth;

(ii) that if such a scale be established, there is no need to
omit the last small fraction of Earth history (Phanerozoic) from
it;

(iii) That probably a new and distinctive set of names will
serve the scale better than adapting old names with a long history
of confused connotation. Thus it is better to leave names like Eo-
Cambrian, Proterozoic, and Archaean, vague and undefined as now,

It is useful to have a choice of vague and precise names.

I have proposed such a scheme (Table 3) and, in defence of the
concept, I would argue that a uniform scale constructed independen-
tly of Earth history would serve well to relate and describe the
major phases in Earth and plenetary evoluticn. Such a scale is de-
signed to be open-ended to allow events before the origin of the
Earth and in the future to be accommodated. Such events could be:
stages in planetary genesis; or major phases of evolution (geotec-
tonic or geochemical) in the solid earth, the hydrosphere, or the
atmosphere; or stesges in the evolution of life on Earth and possibly
elsewhere.

4,3, Action and authority. It is argued that whatever be thought
useful be attempted without delay, for example to come to some
decisions in 1976. Some decisions will take longer, but if we do
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not treat the matter urgently it will certainly be a very long
time before decisions are reached and in the meantime we shall be
denying ourselves some usefully sharp tools.

The I,U,G.S. is the undisputed authority so our work must be to
seek agreement within that framework.

There are some who object to the idea or the possibility that
some of these matters will be decided authoritatively. Only arti-
ficizl matters can be decided in this way so that the only princi-
ples involved are principles of procedure, Nevertheless, those who

have strong feelings against certain agreed usages cannot be
compélled to change their usage. The authority provides for an ag-
reed standard which is available for those who desire such unifor-
mity.

Table 1
This table was designed jointly by N.F,Hughes and W.B.Harland. The
table shows the relationship between the natural evolutionary phe-
nomena that are the subject of geoscience and the two kinds of arti-
ficisl geochronologic scale. The phenomena are interpreted from lo-
cal rock units which have a purely descriptive reference purpose
and a different nomenclature for each area. The function of the
time-scales is to fit the phenomena into a time-space framework,
The following notes (1) to (4) refer to the table.
(1) Lithostratigraphy
' has two different meanings and so is not used in the table.
sensu stricto - is lithofacial (e.g. excluding biocharacters)
sensu lato - is prostratigraphic (e.g. including biocharac-
ters)
(2) Correlation (age determination = time-correlation)
depends on disciplines in column 2 end without it the
sooehronolokic scales are irrelevant.
(3) Boundaries - of local units are definable and identifiable;

- of geochronologic divisions are definable but

not identifiable except in stratotype.
(4) Stratotypes are of two kinds:

- body stratotypes for defining local units,
giving thelr characters;

- boundary stratotypes for defining chronostratic
divisions, giving the location of the reference
point and the characters for correlation of
rocks above and below it.
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Table 2 /from Nature table 1/

Example of extension of chronostratigraphic scale to Precambrian
time (from Harland 1975 Nature 253 p 505). The names marked with
asterisks were used in this table only for illustration. It seems
very unlikely that this particular scheme would be acceptable and
the author would encourage discussion towards an acceptable scheme.
Alternative usage might replace the "Adelaidean” by "Riphean" to be
preceded by Aphebian. Once the names and their hierarchial arrange-
ment were agreed the next step would be to define their limits in
boundary stratotypes.

2 adler3
The Geochronometric scale is purely nulaficnl, based on the unit of
duration wultiplied periodically. This is shown in column (1) in
Gigennia. Column (2) shows the scale divided in subdivisions of
Ga 0.5, Division of Ga 1.5 were sugéestnd (Harland 1975 Nature 253
p 506) and also the name (Column 4) distinguished by Latin roots
in contrast to the Greek roots familiar in most chronostratigra-
phic names,

The main divisions were chosen when it seemed they might be a
consensus. Alternatively if Ga - 1.5 is a more popular time di-
vision than Ga -1.0 the Medio time could be subdivided into early
Ga 2.5 to 2.0 and late 2.0 to 1.5 and Novo time could be subdivided
fourfold: early, middle, late and future.

Column (4) shows examples of Eon names that could be defined
chronostratigraphically. This table shows some possibilitiss only
to illustrate the rolationnﬁip by estimation to a chronometric
scale,



Table 1

STRATIGRAPHIC
Description Phenomena Frameworks (time-space)
*Prostrari/ graphi/c" Studies of natural Geochron/olog/ic Palaeo—
stratigraphic evolutionary (time-stratigraphy) geographic
description, - geological with
mapping, and phenomena two kinds of
section Esch scale.and division
recerding S
) discipline (space-
involves strati—
otk chrono - ceo- graphy)
stati= chrono-
g § /graphi/c metric
A = 3) (3)
= = Divisi Divisi
5 ivisions ivisions Paleomaps
I'tll focs- (ot = | biostrat E defined at defined by sections etc,
in named =] =] reference selected
local uniis- 2| magnetic = points in units of
stratotypes duration
sopc G it
magmatic standard
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Table 2
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Phanerozoic

Adelaidean *

Era Period
Cenozoic
Misozoic
Palaeozoic Cambrian
_________________ . R NEp, 3
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_______ P s T el
Sturtian *
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(L,Riphean)
2
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Table 3

(1) (3) (4)
Ceochronometric possible approximate
Scale scheme of position on
Ga=10? — nomenclature chronostratic
(2) (aevum) (aetas) scale
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0 PR future
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JL.4.C a 1 o m (CCCP)
PAC WIEHEHWE ¥ KOPPEMOMA BEPXHETO JIOKEMEPUA HA
TEOUCTOPHYECKOR OCHOBE

L.I.S a1l o p (USSR)
SUBDIVISION AND CORRELATION OF THE UPPER PRECAMBRIAN WITH
THE GEOHISTORICAL PRINCIFLE INVOLVED

The correlation of the Precambrian strata has to be based on
application of data of isotope geochronology, of vertical dis-
tribution of organic remains, and of different geological
methods combined. Of & special importance are the geohistori-
cal methods which are aimed at establishing the unigue sedi-
mentary and magmatic formations in the planet evolution, at
defining the breaks and angular unconformities, at tracing
the evolution of different tectonic patterns, etc. The defimi-
tion of natural stages in the EBarth evolution, that is of such
intervals of geological history which are characterized by
common tectonic, geochemical, and physical environments has
to be the basic principle of the subdivision of the Precamb=-
rian; these enviromments have produced certain types of litho-
genesis, tectonic structures, magmatism, and determined to a
certain extent the evolution of organic kingdom.

The analysis done has shown that the Precambrian can be
subdivided into several such stages or eras, for which the
following names are proposed: Archean, Paleoprotezoic, Meso-
protozoic, Reoprotzoic, and Epiprotozoic. The eras were sepa-
rated by the global diastrephic cycles of the first order
which occurred 3700 to 3500 m.y. ago (Saamian), 2800 to 2600
(Kenoran), 2000 to 1900 (Earelian), 1100 to 1000 (Grembille),
and 680-650 (Katangian) m.y. ago. In addition, the Eocambrian
is recognized in the end of the Precambrian. The upper Precam-
brian, thus, embraces the Neoprotozoic and Epiprotozoic era-
thems and also the Eocambrian complex.

The Neoprotozoic includes the geological formations ori-
ginated after the intemsive Karelian diastrophism, and the
Grenville diastrophism completed their formation. The diastro-
phic cycles of the second order: Vyborgian (1700 to 1600 m.y.
ago) and Kibarian (1400-1300 m.y.) divide the Neoprotozoic im-
to three suberathems. The Neoprotozoic strata are represented

by different formational types, but the platform amnd Miogeo-
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synclinel formations are most widely distributed. The main
features of all major older platforms were formed during the
Neoprotozoic. The most typical of two lower Neoprotozoic are
sedimentary-volcanogenic strata, frequently red beds, belon-
ging to taphrogenic subaerial trachyte-rhyolite formation.
Lavas are associated with comagmatic granitic and syenitic
intrusions; the anorthosite and rapakivi plutons, injected
during the Vyborgian cycle, are extremely typical. The middle
and upper Neoprotozoic are characterized by terrigenous or
carbonate-terrigenous strata with an abundance of mature se-
dimentary rocks, predominante guartzite-sandstones. The red
beds are rather widely distributed within the platforms, in
the upper part of the middle suberathem they contain a great
volumen of basalts of trapp formation. The basic volcanites
are locally associated with sills and cutting bodies of
gabbroic rocks. In the Neoprotozoic the syngenetic iron ores
are only represented by the sheet hematite or siderite depo~
sits occurring among carbonate rocks of the platform or mio-
geoaynclinal type. The jaspilite ores, typical of the lower
Precambrian, are absent there. The different suberathems of the
Neoprotozoic usually containm different phytolites.

The Epiprotozoic erathem was formed betwesen the Grenville
and Eatangian diastrophisms. The occurrence of two levels of
the glacial strata is its most important feature; these strata
are fine markers in correlation. The Lufiluan diastrophic cyc-
le of the second order (B0O-780 m.y. ago) divides the Epipro-
tozoic into two suberathems. The preglacial, lower glacial
("lower tillite"), and supraglacial strata are distinguished
in the lower suberathem. The preglacial strata are commonly
represented by volcanogenic or terrigenous-carbonate rocks,
locally with syngenetic copper mineralization. "The lower ti-
11ite" is often accompanied by sheet hematite deposits; their
age is around 670 to 820 m.y. ago. The upper Epiprotosoic in-
cludes the upper glacial ("upper tillite™) and postglacial
("upper supraglacial™), red beds of molassa type. The isotopiec
methods ylelded an age of 680 to 660 m.y. for the "upper tilli-
te".

The Eocambrian complex embraces the strata which were

formed after the Katangian diastrophism, but previous to the
Cambrian period. Within most of the regions the Eocambrian
strata gradually pass upwards into the Casbrian ones. The
upper boundary of the complex is marked by the appearance
of the oldest remains of skeletal fauna, typical of the Lower
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Cambrian (pretrilobite fauna of the Tommotian stage). The Eo-
cambrian lasted 80 m.y. which is commensurablo with durations
of paleozoic periods.

In many regions Eocambrian time was characterized by

the beginning of the great marine transgression over plat-
forms, that reached its maximum in the Early-Middle Cambrian.
Geologically the Eocambrian is more closely related to the
Paleozoic (Cambrian) than to the Epiprotosoic, but by the or-
ganic remains it differs sharply from the Cambrian, being
close to the Epiprotosoic.

Koppensanua zoKeMOPHHCKMX oOpasoBaHuft Z0MXHE OCHOBHBATHCA HA KoM=
OAeKCHOM MCHOABBOBAHEM JAHHHX MB80TonHEel IeoxpoHeXOrMM, Wy YeHHH
BODTHESAEHOI'0 DECHPEZENOHMA MCKONEE MHX OCRETEOE ODraEMsMeB H (Qu—
TOMUTOB, @ TEKXO HA DABIMUHMX IeoAOTMYeCKMX MerTozax. (ceCeHHe
0PABNO® SBA WHME MMENT IreeMCTOPHYOCEU® MOTOAH, NONE KOTODHX = yC-
T8 HQBIGHUE HONOBTOPUMHX B MCTODEM NIAHOTH 0CAZOUHHX M MarsmarTu-
YoCKHX (QepManuil, mepepHBOB ¥ JIA0BHX HOCOIJACHI, SBOINOHM THMIOB
TOXTOHMYOCKMX CTPYKTYyP ¥ T.Zl. B 0CHoBO NepHeMBaNMM JOKOMODHSH
AOIXHO JOXATH BHZI0NOHWe OCTOCTBOHHHX STANOR PAsBUTUA 30MIH, T.0,
TAKMX MHTEDBANOB IeeI0r'duecKeldt MCTOpMH, KOTEDHE X8pDaAKTEDUBYDICH
00mMEECTED TOKTOHAYSCEMM 0CCTEHOBKM, TOOXMMEYOCKOH CpoZH M Qusu-
U CKAX yCHOBMH, BIAADNMX HA BOBHHKHOBOEME ONPEJIGNSHHHX TUOOB
IMTOTOHES, TEKTOHMWOCKMX CTPyKTyp, epM H THNOS MATMATHBMA 4 B
MBBECTHO# Mepe onpejAe AADMAX SBOANIMD OPTEHMYECKOrs MUpa.

lepuezusanis, OCHeBAHHAA HE 0ZHOM KeKoM-IMG0 npusHaKe (KpH-
TePUE), CyZST HOXOCTATOUHOd M OOSTOMy MAAONDHTeEe# AN MCHOAE~
80BaHHA, OT0 B OCOGGHHOCTH EB8CAOTCA NOPHOZMBALMM N8 QHUTOAMTAM.
[ecnezHUe MOIyT NPUMOHATHCA TONBKO AAf KoppeNsnud, ¥ Te ¢ OolE~
melt eCTOpPOKHOCTHD, TOM (oJNee UT0 9TH 06pasoBaEMA ABIANTCA HE ©C-
TATKAMN OPraHMBMOB, 8 TODHHMM NOpPOJAMMA, 90paBOBABWMMUCH NpH
y98CTHM 0praHEsMoB (Bogopocieff M Gakrepui). Kpsue Tere, MX Kiacci-
Quranus QopuansHas (yCaoBHAR) M HeoOmMeNpuEATAR, 8 ONPeZ6FGHAE
fopu aocTAaTOYHO CYGBOKTUBHO.

HacTosmee CooOmeHWe 0CHOBAHO HA JAHHHX N0 AeKeMOpEW Empons,
Asuu, CemepHolf AmepurM ¥ Afpuxd, PesylsTaTh 4HAAMSA NATODMANOD
00 CeBeDHEM MATODHKAM MHOD HBI0E6HH B KHHre "00mas cTparTHrpaju—
yeckag mKaza poxewmcpua™ (J., "Hayka™, I974). MarTepuaiu mo zAe-
KeuGpuw ABCTpaAMM M OxHOM AMepHERM HAXOAATCA B CTEZIME OpopaCOTHM,
OAHAKO yx& TeNeph MOXHO yTBODEASTH, YT0 AGEAHE M OO0 STUM MATODH—
K8M DOJHOCTED COrZACYDTCA C AAHHHMM, MpJy WHHHMM ANA APy X pai-

DHOB MMpa,
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[IpoB6 poHENY 8HAIMS MOKABAN, GYT0 B AOKOMODHM BHAGJAETOH H6CK0Ib-
K0 EDyNHNX 6CTECTREHHWX STEN0F re0NOTHYSCKErS pasBMTHA, comocra-
BUMHX C ppawmi $aHepoBes, 8 N0 ZAMTEABHOCTH BHA WTONLHO MPOBOCXOAA-
mMX HX, ]I HEX OHIM npejloxeHH HASBAHMA: apxeil, maieenpoTosoli,
MEBONDOTOBOM, HOoOpoTese#t M snumpoTosol., JlokemOpulicKMe BSpH pasge-—
AAVTCA IrI008IABHHMHM AMECTDOPHYOCKMMHE LUMKIAMA NOpBOI'® NOPaAKA, UMER-
mEME mecte 3700-3500 MaH, meT (caaMckuil zauacTpofusm), 2800-2600
uMaH, ner (KeHopeHCKME auacTpodusM), 2000-I900 miH. meT (KapeasCKMit
auacrpodusm), IT00-I000 maH. deT (rpeHBMIABCKHM puacTpodusM) H
680-650 maH. 7ner (EaraHrckuil zuacrpeduss) Hasaj. Kpoue Ters, 3 KeH-
0e AoReMOpHA BHAeXmeTCA 20KeMOpuil. BepxmMil seKeMOpHit paccuarpuBa-—
€TCA B COCTABO HOOOPOTOB0HCKol M snumporTesolicko# rpynn (spaTem),
a8 TaKEe DOEeMOpHHCKers KoMmiexca,

K HeenmpoTosoD OTHOCHATCA reelordyecKue esOpasoBaBHMsA, QopuupeBa—
HHe KOTODHX DPOMCXOAWA NoCIe METBHCMBHOI'® KapeALCKOr'e ZuacTpoduse-
M3 M SABODUHANCH I'POHBHIBCKEM aAsacTpedusuoM. HeonpeTosoll zemmrca
BA TpM cyO0spH (mOArpynmH) AMECTPofMISeCKAMM [MENGMH BTOpOro OepAzKa
BHGoproEuM (I700-1600 MuHE., m8T) H EMdapckum (I400-I300 Mmais, 18%).
Ornoxe HHA HEONPOTOB08 LPOJICTABNGHH DABINMYHHEMM (QopMalMOHHEMM THNE-
MH, HO ESMOPNE® WMDOED CPOZM HMX DAsBHTH NJaTdopMeHHHe ¥ MHOreo-
CHHEAMHANEHNG (QopManuid, B HeompeToso0e odopMMAMch B oOWMX YSPTAX BCE
rIaBHNG JDOBHME NAATHOPNH,

JinA HEEHOT 0 HO ONPOTOBOA pPABINMUHHX PErHOHDB MApa GoXee BCErD X&a—
PaKTepPHEH 0CAZ0YHO-BYIKAHOIOHHN® TOIWM, HOPOJKe KPAcHOyBOTHNE,
pTHeCHAmMMECH K TafporeHHedl cyfaspansHoll TPAXWTO-DHOXMTOBROH MM aHze-
8dTo-pHoauToBOR fopumanuu. CpezM BYJAKSHWTOB TOCOOACTBYDT EHCIHE mo-
poys - mopdHps ¥4 opTeQUpPH, MEHHEE® SHAYSHWE MMEDT JANHMTH, GHAOBU~
TH ¥ 06as8ibTH, (96HP WMPOKS DABBMTH HIHAMODMTH H TYOH. Hanugune
IAB CONDOBOXAANOCE KOMATMATHUECKHMM MHTDYBMAMH TPAHMTOMZOR M cde-
HdToB. JIA SARADYUTEZBHOT0 (BHOOPICHEOr0) TeKTOHO—MATMETHYECEOID
QUENA HCKADYMTONBHO THUNHYHM MHTDYBMM 8HODTOSHTOR M GOJBE NOBZHMX
rpaEuTen panaxupd, (cazo9Ho—BY/JKAHOTOHHHO TOINH HODEJIKE BAMOIBDT-
Cf CyMeCTBOHHS 0CAA0YHHMK KOHTHHOHTAIGHEMN MUH NPNODEXHO—~MOPCHH-
MH OTHONSHHSMH NISTPOPMOHHErD ¥ MUOr60CHHRIMHANBHOI'S THIOB.

Crpareruney HUXHOTO HEONPoTes30A B EBpene gBJAeTCA CYOHOTEMH
Banrulickers mutTa, B CepepHol AsMm - @EKMTKaHCKaA cepuA [IpUOaidRaNEA,
B CopepHeit AMepure - cepHs HuxuMl JladayHT B OPOBUHNNH UY8pudaa,

B Ajpuxe - cepug BarepGepr Tparcpaams, B AscTpamsM — HUEHAA YACTE
"cucrems™ KapnesTapns, 3 0xHoR Amepure — cepus Popaiiua,
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Jlas cpezHeres M BeDXHEIe HOONPOTOB80A 0COO6HED XBDAKTepHH T6p-
PATeHHNE WAM KApOeHATHO=TO DPUI'@HEH® TOAMA C OO0ABMMM KOIMY6CTEUM
BPeHHX O0CAAOYHHX [10POZ, [1POUMyMECTBEHHD KBApDLMTO-[6C WHUKOB.

Ha nmardepwax BeCHME WMPOKO DacmpocTpaHeHH KDACEOLBO THHE TOJNH,
KOTOpHe B BepxHel yacTM cpejHell MOATPyNOH SSKALYANT B 60JbWOM
KOJHYeCTE0 (B88apTH Tpannoso# gopumanud., OCHOBHH® BYJAKAHMTH WHOIZAS
CONPOBOMIANTCA CHANAMM M COKyMEMH TeIaMH rabO0poMzeB. MUOTOOCHHK-
IMHA ARHHE KOMNAGKCH DPASBATH ropasal mUPe SBI'G 0CHEKIMEANBHHX.

B HeonpoTes06 CHHIGHETUWHCKME XONEBHHS PyZH NpejCTABJEHH
MCEKIDTHTONBHO NAACTPBHMH IéMBTHTOBHMA MJAM CHZOPUTOBHMY 8870 EaMH
Cpezid KapOoHATHHX N0POA O/M8TGepMOHHOIO0 MIM MUAOIE 0CHHKIWHANLHOTO
THO8. [lzeCOMAMTOBHE pyAb, XADAKTODHHE JJA HUXHOTO J0KeMOpUd,

B HEX 0TCYTCTBYDT, QUTONMTH B pABJMTHHEX NOATPyONax HeONPOTO80A
90HWHO 0TIHYANTCA ADyI OT ApPyra: B HMXHOR OOZrpynne BCTPS WOTCH
QUTOAMTH OEPBOI9 M BTOPOrd QUTOAMTOBHX KOMOII8KCOB, B CpejiHei#
NOATPyOe - NpedMymMeCTBOHHO BTODPOre Kounmexca ( Baicalia ¥ Ap.),
B BepxHefl HeArpynne — OpPOMMyHECTB6HHO TPATHOT0 KOMNAGKCE

( Gymnosolen, Inseria H ZD.).

B KayecTBe CTPaTOTENSS CPeZHEI')D M BOPXHErD HEONPOTP30H MOTYT
OHTH ODpezIoxeHN: B EBpene — ppPMATHHCKAR M Xaparaycxas cepaM Ypa-
na, » CesepHedt AsuM - naTeMcrag Cepuda [laToMCKOro Haropsi, B
CesepHoft AMepuke - nexcepus Fexr Kepauicep, B AJpHEe - HaZCEPUH
Kucapa (Ces HuxHe# cepui Koappa-MayHTHH), 3 ABCTpalud - 86 pXHAs
gacTs "cucTeMmu™ KapneHTApMA ¥ EHXHAA WACTH "cUCTeMH" AZenauza.

HEucapckuit zuacrTpoasy BTEPOro NOPAZKA, DaBJe AADNMA CDPOZHK0
M NOSKHKW Cy0apH HO DOPOTOS0H, B PABHHX palioEAX NpeABJIGE N0-pas-
HOMY, HKaMGoZee WHTOHCHBEO OH BHpaxeH B DKBaTOpHaABHOR Adpuke.

B HexeTepHX paltoHaX OH NPOABIOH TONBKO B BUZ6 N6DEPHBOB MIH B
CMOHO XApDAKTEDA 0CAAROHAKONAGHMA. I'DOEBMABCKME zHacTpedusm nep-
BOT'0 NopAAKA, BaBOPUMBNEA HeonporTdseldcKyn 8py, OOBCEMECTHD BHpa—
®OH EpynBEeifmdn CTPYKTYpPHHM HOCOIZACKeM. JTOMY uacmpd(puany noy-
TH Be BCeX palloHAX OpeZE6CTROBANH TDPOHMHEHG METDYyGHMH OCHOBHOZ Mar-
MH, ZaBEWe EAWANQ ZAHKEM W CMAIAM AMACAB0B, & TAKKXe KpDyIHHEM Mac-
cHBaM radépo, KeTopse AATHPOBAHH B HMHTepraze II00-I250 MaH, ZeT,
C rpeHBUIECKEM AMECTPOHUBMOM B MOCMABHHX N0ACSX CBABAHH NETPY-
BHH TpaEHMTeB, AaTupyeMue B I000-IIO0 muH. XeT.

OnunporeseiicRas rpynna CHopMMPOBANACH MOXAY TPOHBMIBCKMM M
KATAHICEAM aMacTpopusmaud. HauGodee BaxHAH €6 0C0G6HHOCTH =
Opudcy TCTREE JABYX yPOBHOW NEJHAKOBHX O0TIOMeHMA, ABIADWMXCA Ipe-
KpacHMME 148 PKMPYOEMMM TOPUBOHTAMM NDH Koppeiauud, Jyduamarc—
KMl guacTpofdYeCEAR OUEX BTopOrs OOPAZKA A6AMT sOMmpoToselt Ha
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ABe meprpynns., [posBIeHHE €ro OTMeT@DTCH NOYTH BO BCOX PerdcHAX
MHD&, HO BHDAX@HE OHM HEOZAMBEAKOBO: OOHYHO BA IPAHENe NOArDYyOm
BACINZANTCH cTpaTArpafEYecKEe HOCerEACHA; yILIOBHe HOCErAacus
(CrIA ZWATOCTH) H NPEABJIOEMA HETPYBHBHOM ZOATOALEOCTH HMOKT NECT-
H0¢ SHAWHME,

B cocrase HMxHeldf NoArpynnH BHASIANTCH ZeA6ABMEOBHE, HEKHEHE
NeZFEEeBHS (EMXHMO THIIMTH) M HAIJIeNHAKOBHE @TI0X6HHH. Jl0Je JHEKQBHO
OTNO¥OHMA 9YACTO0 (MBANT NPeACTABIGHH BYIKAHOTOHHWNM HIM TOppU-
reHEO-KADOOHATHEMM TOMUSMH, HHOIZA C CHHKIeHe TH WCKOM mezHOH
MuHepauMsanuei, BospacT HMKHEMX THAAMTOB 870-820 MIH, XeT. B Bepx—
HeM SHANpPOTES9e BHAGAADTCA BEDXHWO NOAHMKOBHe (BOPXHME THINMTH)

M sarTeN NocrenezHMKesHe ("BepXHHe HajleZHUKeBHe"), yaCTO KpacHO-
OBOTHHE MOIAECOBOrD THDA 0TI0OXOHMA. [locIezHMe MHOTAA pa 86 IADNTCH
H8COrXacueM; B 5TOM CIyWHe K SNHIPOTOS0D CHEZYy6T O0THOCHTE TOIBKD
HUXEDD MOZACCY, BOBHMKIYW B0 BPOMA KaTAHICKOre AMacTpedusma, a
BOPXHIOD MeJACCY, CHOpPMUPOBAHEYW BCKOpe Noclie Hero, BepoATHo, npa-
BANEHE® NPACOGZMHATE K S0KeMODHD. BepXHWe THIIMTH ASTHPYLTCH
HB0TONHHMA METOZAMM B 680-660 MJH. Iert,

HuxEue ¥ BOpXHME THANMTH MHOPZE DaBIMUADTCA OO 8CCOLMANMM C
nopeZaMi, X8paKTeDHSYDEEMUCA OnpeleseHHHMA I'6 OXMMAYGCKUME 98 DTaMH;
HUXHKO® THAMMTH CONPOBOXZANTCA O0CAZ0YHHMH %8 IeSHMMH DyzZaMmH (zxe-
TuMcKaf cBuTa TaHp-llaid, cepus Panuran TeppuTopAu DroH Kamszu,
cBUTH Iymed, Yyoc u Xoxasrar Nro-SamazuHoll AfpuEE, cBATE ByeM

_ SanaaHoit AQpEKM), 8 BeDXHME TMLAATH BO MHOTHX DaiieEax AQpuxu

NePOKPHBANTCA OTIOKGHAAMU, COZODEANWUME NPOCIOHM AOIOMATOR, 000=

"TAMO HEHX OapHTOM,.

B HOKOTODHX palioEaX, rZie THLIHTH @TCyTCTBYNT, HA MX CTpaTHUIDE-
PUBCKMX yPOBHAX pacOoJarampTCs eGIOMOYHHO 0TJIOX@HH#d, Hecymue
npusBaKM QopMUpoBAEMA B NejHEHK0Be# oGcTaHoBKe., CyAs Mo BHXOZAM
IeZHMKOBEX O0TIOKOHMI{l BNMOPOTOB0A, OHA DASBMTH HA BCOM BOMHON mMa—
pe HesaBMCHMO 9T reorpaduyscKoft mWMPOTH, HE TONBKD COBPEMOHHBH,

Ho M ZpeBHe#, MNOCKOABKY OPM MNOHX nareoreorpafMyecKdx NOCTPOSHHAX
9HM OKEXYTCA HA BCOBOBMOXHOM YZS8TGEMH 0T MOANCEB. JO[HMKOBHM
NOKpeBOM B DHHOPETOB06 (0COGOHHO B NOBAHGM BNMOPOTO808) CHIM
98HATH OrPOMHHEe nJomazW B EBpone, AQpuxe ¥ ABCTpaluH,

CTpOMBTOIHTH ® MAEDOPUTONMTH, BCTDOYENWAECH B KapOoHATHHX
nopoZax SOENPOTOS0H, YAME BCErD OTHOCATCA K 4eTRepTOMy (BeHz-
CHOMY) QMTOZMTOBOMY KOMIJNOKCY, HO HODEJK® B J0NeAHMKOBHX 0TI0-
KeHHAX HUXHOM MOArpYyROH HAXOZATCA QOpMH CTPOMATOAXTOR, KOTODHE
00l 90 yKAsHBADTCA B COCT&BE BIOPOTO ¥ TPOTHAID KOMIOJEKCOB.

CrpaToTHnaM¥ 9nMOPOTOSO0A MOryT OHThH HasBaHW: B EBpone - ce=-
PpuK bapeHuesa MopA W BecTepraHa (UEMEDKeHa, CePeOPAHCKARA cepus
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Ypaxza, navexyMckas cepus Pyccko# naure, B CesepHoll AsMM - WMHra-
CAHCKAS MIM TACCOBCEAR Cepra EHmC eiicKoro Kpaxa, B CemepHol Ave-
puEe - cepua Bumuepmep BpuraHcKeld Komymoum, B DxEoit Amepure -
cepus Hapampalt, 3 Ascrpazum - cepug YuCeparasa (MiM, HHave, co-
pum Crepr + Haxmee Mapuse) pafiosa Azexsuzs, » Afpuke - HazcepHa
KaraEra. [locnezHas MoxeT OGHTH NPOZXOX6OHS M B EAYOCTBE MHDPUBOTD
CTPaTOTHOA TI'pynmH.

DoxemOpEMCKUY KOMOIGKC BRIDYAOT 0TI0X6HMA, BoSHUEmMe HocCIe
EATRHPCKOr'e AMacrTpofusMa, He X0 HAwWIAA Remdpuiickere mepuoza. B
OOABMHHCTE® DOTHOHEE B0KeMODHMCKHEE O0TNOX6HMA KBODXy N0CTeNeHE®
CMEHANTCA KOMOPHACKMNMM, BepXHAf rpaHMNa KOMONOKCE yCTaEABIMBA-
©TCq HA OCHOBAHMM NOABJEEHA B paspese APeBHelmHEX 0CTATKOB CEe-
nerHoff fayHu, XApaKTeDHHX ZJA HAXHOT0 ROMODMs (A0TPHACCHTORER
fayEa TOMMOTCKOIOD fpyca). JAMTEXBHOCTH 20HeMOpMA - 80 MAH, ZeTr -
COMBMODHME C AJAMTEABHOCTED MNEPUOAOE NAaN60B0A. DJOReMOpMiiCKoe Bpe-
MA B0 MHOPHX DOTMOHBX XBpAHKTOPMSBYe6TCHd HEWAOM Gexsuolt mopcxol
TPAHCIPeCCHE HAE niaTdopuax, KOTOpas AOCTUIIA MAKCHMYyME B pAHHEM
- CpezEeM RKeMOpME. [lo 9Tolf mMpuuUMHe S0REMODHUHCKEe 0TIOXGHMA
9aCT0 CHarapT oCmMPHNH nraTdopMeHHENY Y6Xed BMECTe C MOPOKDHEA D~
WUME [B16080HCKMMA JTAOROHUAMM,.

CrpaToTdnaMi KoMnAeKca, OO-BMZMMOMY, CJI8jJyeT usdpars: B EBpo-
ne — BaupgficKyp cepup Pycckoli mautH (BeHZ s.str. ), B CesepHol
AsHE-pROMCKyD CBUTy BocTousoit CHOHMpE, B CesepHel#l Auepure -
cBATy CTHPIUHET ¢ HMUXEeR wcTsp Byz-HaHsoH KaiufopHMM HIM BepXHDD
yacTh cepud Komcenul (caura Keiln-KoBd) BmecTe ¢ BHmeNexamelt
cepueit Xozaxyerep Henpaynmrenna, 8 AQpuxe - copup Aayay AETH-AT-
7aca, B ABCTpamRM - CepUD BuimeHa paiteEa AZeI8MTH.

B reeXordyecKeM 0THOmOMMM D0KeMODHY ropasie TecCHee CEgsaH
¢ mazepsoeM (KemMGpMeM), UeM C BMNUNCOTOB00M. BmecTe ¢ TeM N0 88~
KJDYOHHHM B HOM OPraHMYsCKAM 0CTAaTHEM OH BECHME DOSKO QTINYEET—
CA 0T KeMOpud, Ho GIMBOK K SOMOPOTOBOD. B 20ReMODHH HAXOAATCH
76 X0 QUTOMMTH, YTO M B SNHAOPOTOB06. HeKOTOPHE OpECTABUTONH
XapaKTe PHOH AN 20KOMOPHA 2ZMAKAPCKOR QayHM, HaOpuMep MOJySOKJHHS,
TAKXS NOABAADTCA yXO B SNHOPOTO306. [0STOMy €CIM DY KOBOJCTEO=
BATHCA T'OOMCTOPAYS CKHMM MPHHLMNAMA, NMOJOReHHHMM B OCHOBy pacwie-
HEHMS JI0K6MODHA, T0 30KeMODHMA JoNx6H OHTH OPHWMCISE K IAXS0BOD,
HO @CIM HCXOZMTH M8 GMoCTpATHrpadu WCKAX KPUTOpMEB, KOTOpHE
ABIADTCA DyKOBOAAMMMM AXA NepuoZKBANMM (JaHeposos, TO pACCMATpM-
BaeM0e NejpaszeseHMe OPUHAANEXUT K OpOTOoB0MCKUMy 20Hy. BTa
KaacCuUKANHOHAAA ZBOHCTBEHHOCTS 00yCZOBASHA DA BJMTHHEMM MDUHIH-
naM4, NpUMeHAEMHMM JJIA DACUISHOHWUA ZoReMOpAA ¥ daHeposos, &
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TaExe cnenudu YeCKEM DRAOXOHMOM BOKOMODMA B& rpaHMNe DOHOB.

B pesyasraTe NpoBezeHHEOTe MCCAGJI0BAHMA yCTAHOBAOHOD:

1) amacTpopMyecKHe OUEIH, DaszeIAOmMMe I'Dy MW AoKeMOpus, Opo-
fABMJMCH HA BCOX KQHTUHOHTAX COBEDHOr0 W DEHOI'0 NOAywWapui B og-
Hi M T6 X6 WETOPBANH BDOMOHH;

2) 0zHOBOBpACTHHE TOJMM JIoKeMODHA BA pagHWX KOHTMHEHTaX 06ia-—
Z8DT GONBMMM CXOACTBOM B CTPOOHMM Daspesa, B THNAX opManuu, a
TARES B XApAKTepe MeTAMODfUBMA H TeKTRHMKM (5T0 0C008HHO HAraaz-

 H0 BAZHO, 6CIM DaCCM8TDMBATH BOCH AOKOMGDMEA);

3) MHOrEN DOZpaszeieHMAM ZOKOMODHsA,. UMEDMMM OZMBAKOBHI BespacT,
CBO/CTBOHHN CcOeNMPHUECKEe, HOOOPATMMHO B HCTODHM S6MIM 0CAaZ0YHHE
fopuanEe (pasiMyHHe TUNH X6I6BHCTe-KDeMHMCTHX Qopsanuil Zas
TPy I HUxHOr9 ZoEeMGpas, QopMayMs B0J0TC-yPaHOBHX KOHIIOMEDaT OB
Als HAXE6H UYACTH MEBONOPOTO30UCKOM IPYynmH M T.Z.);

4) Ha BCeX KOHTMHOHTAX B DAHHGM HEONDOT0B08 BOBHUKIN Clemu—
(uyecKue cyO6aDpPANBHHG TPAXMTO-DHONMTOBHO MIM AHZI03MTO=DUOIATO-
BHO (QopMEnUM M CONPOBOEZADNMe UX WHTDYSUM 8HOPTOBMTOB M IpPaHU=—
TOB DANBKMEM §

5) H8 BCcex KOHTMHOHTAX B SNANDOTOS0e ABAXZH BOBHAKAND GOlb~
moe NOKpOBHO® eI6ZeH6EM® (0066 ApPeBHMO NDOABI6 HAA DN6ZGHEHUA B
ZOKEMODUE MMBIX MECTO® B TOUSHME MESONPOTOBOMCKOH SpH);

6) TeKTOHMYSCKO6 DAsBUTMe B ZOKAMODUM NDOKCXPZMN0 B 06EMX Uep-
T4X OJMHAROBO M 0ZHOBDOMEHED HE3 BCEX KOHTHHOHTAX.

TTX

B saKIDYEHHWE CIeZyeT OTMETHTH, YT0 HOOOXOAUMOCTE NpSASLBHO

_. Kpa TKO MBIOXMTH OCWMPHH{ M CLOXHHY BOIPOC HOMBOEXED 00yCA0BAM-
B BaeT HEK0TOp0e yOPOueHMe ¥, BEDOATHO, MBIAMMEHDD KaTOIOpdUHOCTS
1 BHBOZ0B.

b
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METAJJOTEHUA IOKEMBPUA

METALLOGENY OF THE PRECAMBRIAN

T.B.Bnnmdnua;B.M.KaaaHcxnﬂ.K.O.Kparu
(ccep)
PYIOHOCHHE GOPMAIMMA ¥ CTPYKTYPH IOKEMBEPUA

?,¥Bilibina, VIKXKazansky EOKratz
(USSR)
ORE~-BEARING FORMATIONS AND STRUCTURES OF THE PRECAMBRIAN

1. Metallogeny of the Precambrian is of particular interest
for the development of mineral resources and comprehension of
the conditions of formation and localization of mineral de-
posits in the Earth's crust. The Precambrian deposits contain
about 65 to 25% of explored ores including iron, gold, ura-
nium, nickel, cobalt, copper, lead, rare metals, the major

% part of muscovite, phlogopite, graphite reserves, as well as

high-alumina raw material, rock crystal, precious stones, etc.
The number of the deposits increases every year, yet the po-
tential of the Precambrianis not fully studied. More and more,
the attention of investigators is drawn to peculiarities of
the Precasbrian ore formation which is controlled by such
phenomena as the primary composition of the Earth's crust,
processes of sedimentation and wvolcanism, intense regional me-
tamorphism. Accordingly, the Precambrian ore deposits fall in-
to four main genetic series: 1 - metamorphosed sedimentary
and sedimentary-volcanogenic (Fe, Mn, Au, U, Cu, Pb, Zn), II -
metamorphogenic (Pe, Al, phlogopite, muscovite), III - magma-
tie (Ni, Cu, Pt, Cr, Co, Ti, spatite), IV - hydrothermal post-
metamorphic and postmagmatic (Au, U, Be, Ta, Nh, Ph, Zn,
etc.). In addition, within the areas composed of the Precam-
brian deposits there is a great number of magmatic, postmag-
matic and exogenic deposits of younger age.

2. The determination of regularities im the distribution

of mineral deposits in the Precambrian is closely related



to interpretation of the initial stages of lithosphere evolu-
tion and establishment of an evolutionary succession of tecto-
nic structures. Some important data on the subject have been
obtained recently: an independent importance of a protogeosyn-
clinal stage in the evolution of the Earth's crust has been
established; the oldest cores of continents have been singled
out, and their inper structure characterized; a new approach
to the distinguishing of geotectonic regions has been suggest-
ed on the basis of the study of regional metamorphisa of the
Precambrian assemblages and differentiation of the latter into
structural-formational units; evidence has been found for the
heterogeneous block structure of the old platform basement,
controlled by systems of large deep faults.

3. The analysis of Precambrian ore-bearing formations and
structures is based on the historical-geclogical principle and
consists in establishing gemetic links between associations of
rocks, tectonic elements and mineral deposits. It must be rea-
lized on the level of geological and ore formations with sub-
sequent distinguishing of structural-formational assemblages
corresponding to geotectonical regimes. One of the main pur-
poses of the analysis is to reveal and classify geoblocks de--
pending on their deep structure, the history of development,
and regional metallogenic zoning.

4, Precambrian ore deposits were formed during four meta-
llogenic epochas: Archean (3,500 to 2700 m.y.) early Protero-
goic (2700 to 1900 m.y.), middle Proterozoic (1900 to
1600 m.y.) and late Proterozoic (1500 to 550 m.y.). These
epochs are divided into prolongel "ore-preparing” and shorter
ore-forming stages, controlling the metallogeny of the main
Precambrian structural elements, including cratons, mobile
belts or protogeosynclines, epicraton downwarps and areas of
protoactivation. In the end of the Precambrian the first plat-
forms and geosynclines typical of the Phanerozoic were formed.
Some of the late Proterosoic ore deposits correspond already
to the next geosynclinal-platform stage of the evolution of
the Earth's crust.

5. The oldest stratiform deposits of iron and non-ferrous
metals, metamorphogenetic gold deposits and rare-metal pegma-
tites are concentrated in cratons. The primary heterogeneity
of the Barth's crust in cratons and the presence of geochemi-
cally specialized volcanogenic-sedimentary asseablages therein
have influenced considerably upon the distribution of the la-
ter epigenetic deposits. The most important deposits of fe-
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rruginous quartzites and metamorphosed manganese and pyrite
ores are confined to protogeosynclinal belts. The regional
granitization of Archean and lower Proterozoic rocks and their
metamorphism were accompanied by the formation of magnesian
skarns with phlogopite and magnetite, and of ceramic, musco-
vite, and raremetal pegmatites. In the long-evolving epicra-
ton basins the major deposits of metalliferous conglomerates
and cupriferous sandstones are situated. The emplacement of
ultrabasic and basic intrusions with associated magmatic de-
posits of nickel, copper, platinum, chromium, and titanium,
the formation of orebearing alkalic metasomatites, and the
generation of some postmagmatic rare-metal deposits were
related to the protoactivation of the Precambrian structures.
Finally, typical of the late Precambrian platform downwarps
are stratiform non-ferrous metal deposits, and of the eugeo-
synclinal troughs common are polymetallic pyrite ores.

6. An important role of the processes of tectonomygmatic
activation in the endogenic ore-formation has been proved re-
cently. Intrusions of the central type with magmatic nepheli-
ne deposits and phlogopite-bearing and rare-metal carbonatites
as well as by the formation of abundant hydrothermal deposits
of tin, tungsten, niobium, tantalum, fluorite, gold, antimony,
mercury and other metals. This endogenic mineralization is
superimposed upon various Precambrian structures and contro-
1led by distinct tectonic elements.

7. The general progress in the study of geology end tec-
tonics of the Precambrian, the improvement of methods of for-
mational analysis of ore deposits create favorable conditions
for the elaboration of metallogenic models both for the majer
Archean and Proterozoic tectonic structures, and for the Pre-
cambrian as a whole. Such models should increase an efficiency
of prediction and search for new mineral deposits.

BBEJEHUE

MeTalnnorenus Z0KeMOpHA BXOZMT B WACTO BOAYWMX NpPOGJeM COBpeMeHHOH
TOOJNOTHM M NPeACTABIAET MCKIDUATONBHH{ WHTODOC JJNA pASBHTUA MUHE-
palbHHEX PecypcoB, O0BHAHMA yCA0BUHE 006paBOBAHMA M IOKANMBEIMM No-
Je3HHX WUCKONaeMuX B B36MHOM Kope. B Z0KeMGDMH coCpejioTousHe 0T 25
A0 65% pasBej@HHNX 38NACOB PyA xexesa, s0l0Ta, ypaHa, Ko6anbia,
HAKeJA, MeZM, CBHHNA M PAA8 DEJKMX METANN0B. B KaYeCTBe CymecTBeH-
HHX npumecell B pyzax xelesa mpACYTCTBYOT THTAH M BaHAZUR, B pyzAax
OBOTHHX M DAZM0BKTMBENX MOT&JN0B - MHEBAK, cepedpeo, BucMyT. B Zo-



-

KeMGpUM B8KIDYEHH OrPOMHHE 3aMACH HOMETAJMYOCKMX [0J6BHHX WCKO-
NE6eMHX - MYCKOBMTA, (QUOTONMTA, BHCOKOTAMHOBEMMCTOTr0 CHPBA, ac-
gecra, rpafuTa, TopHOr0 XpycTald, ApATONOHHHX KamHeR, O0pamanT-
HA Ce0f BHUMAHME He TOABKO CyMMADHHO B&8MACH BTUX MOJEBHHX MCKD-
maemux, HO H MACHTACH MHOTMX NOReMODHHCKEX MecTOpOXNeHEf ¥ pyzHO-
HACHNEHHOCTH apxefiCKEX ¥ mpOTePOBOHCKEX TOJM.

Kpoue Toro, B OGJACTAX DASBUTHA AOKOMODUA JOKANHSYDTCH MHOTD-
QUCHeHHHE MATMATUYECKHAE M MOCTMAIMETHYOCKHE MOCTOPOXZGHMA DEAKMX,
OBETHHX, GAATOPOAHHX M DAAMOSKTHBHHX METAJNN0B, BOBHUKLUE BCIS -
CT3Me TeKTOHO-MArMaTHWOCKOM aKTUBHBENMHM DAHE® KOHCOJMZMDPOBA HHHX
CTPYKTyp 86MHO{ KOpDH, 8 TAKEKEe KDyNHHE SKB0I6HHHE MOCTODORAGHMR
60J6€ MOAOJIOTO BOBpACTE.

PagiMyHHM 8CNEKTaM METAJNOIeHMY ZOKeMODAS NMOCBRANGHH TPYZH
A.H.Benesnesa (I1965), T.B.Buancusolt (I1973), B.C.Momapesa (I970),
.T.Maragsana (I974), H.[.CemeHenko (I962), B.H.CuupHosa (I963),
H.M.Crpaxosa (I947), A.l.Tyrapusosa, I'.B.Befirkesu® (1970),
[l.Banepazu, J.Toma (Banerjee, Ghosh, 1972), A.TyasuBa ( Good-
win,1968) JT.Tpocca (Gross, 1965); T.Kmdgopaa ( Clifford, 1966),
H.KyEa ( de Eun, 1963), A.Kaxua ( Kahma, 1973),A.MéRKozE ( Mikko-
1a,1971),

OCumpHHE OaHHHE IO I'e0JOrHd M DPYNOHOCHOCTH 8pXes 4 IMpOTePO30A
comepEaTcA B CBONHHX padoTax mo KaHamcxomy M YKpamHCKOMY WHTaM,
ABcTpanun M Ipyram perdoHaM (MeTamoremns YxkpausH M Moxmasmm,
1974; Geology of Australian mineral deposits, 1970; Geology and
economic minerals of Canada, 1970), a Takxe B KOJ/UIEKTUBHHX MOHO-
rpafuax mo pyaHEM MecTOpORneHAAM CoBeTckoro Comsa @ CoeJMHEHHHX
liraros Amepurn (PymsHe mecTopoxrnmerus CCCP, 1974; Ore deposits of
the United States, 1968).

B gespane 1975 r. B JleHAEIpage COCTOANOCE llepBO8 BceconsHOs
COBELARAe 10 MeTALIOreHMM Noxemopus (Merawrorenns Noxemdpus,l975)
CoBemanne DPOAEMOHCTDAPOBANO CYlleCTBeHHHE mporpecc B aToit

0G6IacTA W MOKasaNo, 4YTO PA3padoTKa TEODHA MeTa/UIOTeHAR J0-
KeM0pua conpsxeHa C GOABNEMA TDYAHOCTAMM. PagHHe MCCIPZ0BATEIH
NOAX0ZAT K Heil ¢ pasHHX NosuuMil, OZMH M3 BOSMORHHX nmyTeft - mey-
YOHME CBAs6il MeXZy IisBHeimMMM I'e0TeKTOHAYSCKHMH CTDyKTypaMu
AOKEeMGDUAA M MMHODAJHHHMM MECTODOXZGHHAMH HA OCHOBe (opMALMOHEOTrD
aHANN3E,
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TEKTOHM YECKUE CTPRYKTYPH JOKEMBPHA
BHACHOHME® B3AKOHOMODHOCTE! NPOCTPAHCTBEHHOID DA3MEMOHMA NOJeSHHX
MCKONAEeMHX B Z0K6MGDMM TOCHD CBASaHO ¢ pacmufpoBKol HA yaABHHX 2Ta-
008 pasBHTHA AuTocPepu. WUzen o cnenmudnKe AOKeMOpMHUCKEX CTPYKTYp-
HHX DIEMEHTOB DaBsBMBANM MHOTHe y®HHe - I, U.Camon, K.M.lelinuaH,
O.A.KocuruH, K.A.llypkus @ ap. E.B.llasaosckuit (I962) BHCKaB&X
MHCJAB 0 AByX HAB WIBHHX 5TAaNax MCTOPHM 3eMHOM KopH - HyKIZeapHOM M
NpoTOre0CHEKAWHAIBLHOM, KOT/l8 NOABMIMCH OPOTONATHOPMH M JMES HHHE
HOZBMEHHE N0fACa, NPOTEDNeBUKME ANATENEHYN IBOMDIMD B MO3THEM
mpoTepo3oe M (jarHeposoe,

[Ipezcrasnerne o cnegudUKe NpPoTOPO30HCKMX NOZBMEHHX MOHCOB M
0COGOM MPOTCTeOCHHKIMHANBHOM DTame DABBUTMA IMToCHeDH MOJy WMI0
npuseEaEde, Ho TOXTOHMUSCKAs NpUpoz8 npoTonis rdopMEHHHX 0TI0KEHMR
0CTa6TCA NPOZMSTOM JMCKyCCHll, B cBeTe HOBHX Zi@HHHX WHA Y8 TpaK-
TYyeTCA M CTUJIb 8pX6UCKMX CTPYKTyp s6MHOM Kopu., B mocnezHee BpoMA
B Kanaze, OxHoit Afpuxe, 3anazHo¥t ABCTpalud ¥ B HEKOTODHX ApYy DAX
pailoHax OHNM BHZGI6HH JipeBHe/mMe AApDE MATEDPUKOE — OPOTOKOHTHHEH-
TH, WAA KPATOHH, KOTOPHG COCTOAT M3 8PX@HCKMX TpaHMTO-THeCOBHX
noleid ¥ 36M6HOKEMEHHHX NOACOB, CPO3ANTCA NPOTEDOBOMCKHUMM MOABMEHH-
MM B0HAMM M NEPEKDHTH HUXHENPOTEPOBOHCKAMM OTIONS HAAMH SIMKDaTOH-
HHX BHague ( Wilson, 1972), IMeHHO 5Ta KOMOMHAIMA I'60TEKTOHHYECKUX
9JIeMEHTOB XapaKTepHa IJiA apXed — PaAHHEI'0 IPOTEPO30d.,

ApTops "KapTH TEKTOHMKM JOKeMGpMs KoHTMHeHEToB" (I974) Bo raame
¢ D.A.KoCHIMHEM NpMEIA K BHBOZYy 0 TOM, 9YT0 &pXe#CKMe B6I6HOKEMEH-
HHE KOMNJOKCH 33JeTrap? HA cuanmdecROf Kope M YT0 KpMCTALIMUeCKMH
[OKOJAb COBPOMOHHHX KOHTMHeHTOB BOBHMK 2,5 mapa. ner Hasaz. Cpea-
HOZI0KE@MGDUICKME® IOOCHHKINHAJEHHG KOMIONEKCH HAJOKGHH HA BTOT HO-
KoXb ¥ Z8IATCA HA 7B6 BOBPACTHHEe rpynnh. boJee 7DeBHHE M8 HUX
OpejACTaBle HH BYIRAHOM@HHO-TEPPUTOHHHMM TOJNEME ¥ ZX6CIMIIATA MM,
GoZwe MOIOZHE - NPOUMyMOCTBOHHO TEPDUIEHHHMM OTIOXEHHUAMM, Hepeny-
DIMMCH C BYJKGHMTAMM KMCIOTO COCTABA. SHAWTOARHAS Y&CTH BE PXHE—
ZOK6MODMACKAX I'60CH HRAMHANBHHX MOACOB MME6T SNMMKDaTOHHHY XapaKTep
M BHOONHGHA TEPPUIGHHHMM M TOPDUIOHHO-KaPGOHATHHMM KOMITIEKCamm.
JlperHelimAe nJaTHopMEHHHe 0TIOROHMA NogBMmMchs 3,3-2,3 Mmapz. mT,
COAOWEHG nJaTHopMeHENEe WeXJH - I,8-I,6 MApA. I8T Hagaz.

B pesyasTaTe cocraBaeHus "HaprH meTamopHyeckux nofcos CCCP"
AJA @prid M OpoTeposod OHJNA BOCCTAH0BIGHA KApTHHA JIMHAMM UBCKOTO
4 TONNEBOTD PEXHMA OTZEABHHX CTPYKTYD M BeMHO{ KopH B nOloM
(Kparn, T'zeGoBunkuil, 1972). JycraHoBAeHO, Y0 APeBHejUAe apxelcKue
KOMOIOKCH MeTaMop(us0BaHH B yCAOBMAX rPAHYIATOBOR Qanuu yme peH-
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HEX Z@BJ6HMA ¥4 HOSHA WMTE/BHMX BapHanuil NAOTEOCTH TENA0BOrD MOTO-
Ka, YTr0 B NUS/HEM 8pXee M paHHeM NPOTEP0306 OpPoUBOmAD 060CDGJABHUE
OTHOC HTON5HO CTACOMABHHX MECCHBOB M 06PAMIADNAX MX NOZBMEHEX MNOf-
COB M YTy AJA PAHHETD M CPOZHETO0 NPOTED030F XADAKTE DHH NapPHHE
MeTAMOPPHYECKHE Nofca. MaKCMMALBHHE TEMNepaTypH MeTaMopduasua
BAMKCHDOBEHH B 9STUX NOACAX B 00pAMJIGHHM 0THOCHTOAEHO KOHC0JMZIM-
POBEHHHX 00JacTell.

Bo MHOrMX DaiioHaX MMDE KDUCTALAMueCKMM QyHpaMeHT ApDeBHMX niIaT—
(JOPpM B CpejiHEM LpPOTEPOS08 OHA DPACCOYEH pasJOMaMM W MCIHTAT
UHTOHCMBEHG CJOKOBHE [6PEMEN6HHsA, CONPOBOKASOWUECH BYIKEHMBMOM,
0CaZKOHAKONAEHAGM, NPOTPECCHBHHM M POIDECCHBHHM AMCIOKALMOHHHM
MeTaMopyuaMoM, BHEZDOEWEM DasHOOGDASHWX MO COCTABY MHTpySHUH -
YyABTPEOCHOBHHX, OCHOBHHX, W.0YHHX M KMCAHX. JIAA 0608HAaUBHM§ 3TUX
ABNEHMAE MOEXET OHTE MCOOJAB30BAH TepMWH "npoToaKTHBMBands", a
AN CODTBOTCTBYOMMX CTDYKTYPHHX BIGMOHTOB — "00JACTH NPOTOAKTHBU-
samuu”,

B nmoszEeM X0KeMODMM NOHBMAMCH NepBHE nNAaTHopMu U Ie OCHHKIMHAIH,
npeTepneBurde AIMTENBHYyH 3BOINLMD B Té4YeHMe (aHeposod. PaccMorTpe-
HMO MX TOKTOHMKM M DyZOHOCHOCTH BHXOZMT 88 DAMKM HAWeTO A0KJAZE.
B nazneosoe 4 oCoGeHHO B Me30800 ZOKeMODUUCKMEe COOpPyREHMA OLuIM
BOBJB Y6HH B TEKTOHO-MarMaTMYeCRYD aKTMBMBAIMD. HexoTopHe &8CIeKTH
MOTANNOT6HMM SKTHBMBHDOBAHHENX 001acTeil MMENT K TeMO 0KIaZa (olee
OpAMO06. DTHOWEHKG ,

[OPUHIMMN @OPMAIMOHHOTO AHA IH3A

ABanus pyZoHOCHHX QopManuit ZoxeMOpMs GasdpyeTCs HA MCTOPUKO-I6 0-
JOrMYeCKOM NPHENMNG M BSAKINYEETCA B yCTEHOBIGHMM xapaxreps H QopMu
CBAB6H MeXZy 8cConMANMAMM TOPEHX NOPOA, TOKTOHHYOCKAMM BIEMEHTAMM
H MOCTOPORZIOHMAMH NOI6SHNX MCKonaeMux (Bmaucousa, 1973), [IpuMeHeHue
STOI'0 UPMELMNE NDUBOJHMT K ONpPOZGJIGHHD M (0I6e KPyNHHX MeTANN0Ie=-
HMYOCKMX EKATOTrOpMY - MeTANNOIrOHMYECKMX SN0X M CTDyKTyDHO~DopMs qu-
OHHHX KOMOZOeKCOB., OfHa8 M8 IIABHHX [olell aHANMBE - BHFBAGHMe M Ki8C-
CUfMEanHs IreoGA0K0OB W BABMCMMOCTH 0T HX IIyOMHHOIO CTPOGHMA MCTO~
DHE TeO0NOrMY6CKOro DASBMTHA, DOTMOHAABHON reoXEMdyecKofi M MmeTallo-
TeHMYECKO SO0HANBHOCTH,

Teodordweckéde QopMamddl OOPEASAANTCA KAK 6CTECTROHHHE &CCOLHALMM
TOpPHHX MOPO0j, NapareHeETHYECKM CBASAHHHO OZEA C ApyToil KaK B BepTH-
KaIBHOM, BO3PacTHOM, TAK M B IOpUBOHTAINBHOM, NDPOCTPaHCTBOHHOM,
orHoweHMR (Marckuit, I960). BujemeHMe IeoAoTMueckMX §opuanuil cpepu
ray0oK0 MeTaMop(M80BAHHEX TOJW CTA&JZ0 BOSMOXHHM OnarojapA SHA Wi~
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TOIBHOMy Hperpecey B 0GXACTH ocazovHeOM reoaerwd Jexencpua (CHzo-
peHEEo, I975). UveHHe BoCCTAHOBIOHHEe NOPBMYHOM HDHPOAH H ZomeramMop-
fuveckolt MCTODMH oGpaseBaHMf O0CAJ0THO-BYJIKAHOIMOHHEX 0TIO0XGHAH
COSZA6T NPOANOCHIEM ZAAA QopMANMOEHOT) AHAAHSE JIOROMODHHUCEMX MHHe-—
pPanBEHX MOCTOPOXAS HHli,

PyzEse Jopvanul npezcrasigp® coGolf eCTeCTBOHHENS CO06mMOCTBA MM
rpyons pyAENX MOCTODOXZ8 HEM, 06DONMEAOMHE GAMBOCTHED MOTAABHOTD WIM
MHES DANBEOTD COCTABA PyZ ¥ XADAKTOPOE CBASH MX C Ie9JOTHY9CEMUMU
dopuanuamu (KysBenes, I972; MaraksaE, 1967). lzes o CBASH pyZHHX
GopuagHit ¢ reoXOrdWwCKAME N0SBONAET yTOVHATH BPOMOHH0® M MPOCTDAE-
CTBOHEOO NOXOXOHMO (HOPMANMOHHHX THNOR OpPyAGHOHMA B DOTrHMOHAX
(Buaudusa, Turon, 1974).

Jna KmaccHMEADME I'6 0AOTMYSCKAX M pyAHHX o0pasoBanui mo Gopma-
OUeHHOMY OpPHEOMAY He0OGX0ZMM8 CHCTOMATHBANMA TI4BHE UMX NMPABHAKOE.
Jlma pyaEsx fopmanuit EeoOXozMMo yUMTHBATE XApaxkTep M fopMy CBABM C
reoIor4YsCREME QopManMaMK, BOBPACT 0pyZA6HEHMF, NOJDE6HHE MECTOpOE-
ZIGHMR B IQRAINBHHX M DOrUOHANBHHX I'e0N0rMUYeCKMX CTpyKTypax, saKs-
HOMODHOCTH DaBMOmOHM7, MODHOXOTAYECKHe M CTPYKTyDHO-BemeCTBO HHHE
XA paKTepUCTHEN pyA M, HAKOHeN, yCI0BWA 00paB0BAHMA M MPOMHEJEHHDS
8HA Y0HMe 0pyZ6HOHHSH.

Jlus cTaTMcTMYeCKoH 06pacoTKA Z8HHHX 0 PYZHEX (QopManMAX MCHOIE-
8yWTCH NepHoRAPTH ¥ COBPOMEHHHG MATOMATHYOCEHe MOTOZH, OCHOBAHHHS,
B WCTHOCTM, HA ZMCKpeTHoM amaimse (KoscTaHTWHOB, I973). [IpuMeHs-
Ede SBM m0BBONA6T JTOUHMTE KPHTODAM BHpeNeHHA DyABHX Qopmamuit, mTs
KOANYECTBOHHYD ONOHKY CTON6HH CX0ACTBE pDABHHX MOCTODOXZAOHAMH,
BCKEPHTH NPHUMEH NOABAGHHA BAK0HOMODHMX rpynn pyENX (opMapuit ¥ B
KOHOWHOM CYeTe NMOBHCHTH HAAGXHOCTH NpPOTHOSMPOBAHMA M ONEHKM TODDH-
TopHil.

METAJJIOTEHM YECKUE SO0XM U PYZIOHOCHOCTH I'JIABHEMmIX

CTPYKTyPHNX DIEMEHTOB JCKEMBPHA
NeprozMsa A M6 T4 AAOIrOHNYGCKAX COCHTHUN — 0JME M3 BAXHO AMMX acneik-
T@H JATHDOBEM I'e0JOTHYeCKHX OpoNeccos, KoTOpHe B MTOre COSAaDT
MUHODENBHHE MOCTOpDOXZ6HHUF, Jlo JoHe B I9I3 r. BEOJ NOHFTHE 0 Me=-
T8 LN0C6HEN YGCKHX BSN0XAX KAK NePHOZAX NOBHEOHHo# MeTaNI0reHEWYeCEDH
HETOHCHBHOCTH., B NPUMOHOHEM E ADKeMOPHD Gol@e panMoHAABHOD Napai-
REeNA30BATE NAHHYD MeTA/LIOI6HAYECKYD SINOXY C ODOr'eHMYSCHROff ¢ BH-
Jels HueM (0106 APOOHHX MOAPASAeNeHMH - DTAN0B WM cTazgMil, 3To co-
OTBOTCTEyOT coenufuEe reoJordWCKOrd PasBUTHA 2eMHofl KepH B Z0-
KeMOpHM, K0TODP0® BAKADNYANOCH B JAMTEAEHOM NODPOX0Xe 0T OTHOCHTEAb—
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B HO TOMOI'SHHOI® COCTOSHEHMA BOMECTBA KO BCe (0166 I'eTePOreHHOMy ® Compe-
| BOXASX0CH MepepacnpezeXeHENeN DyAOIreEHNX SIOMOHTOB., Haxpes smexa
. [oApasAe IgeTCA HA AAMTONBHHO, DYAONOAT0TEBAMBADEME , H GoJee KoporT—
KMe, pyAooGpasywmue, STANH, & BCA COBOEYOHOCTH MeTE LA0TEOHUYECKMX
9UOX OTPA¥AET CMOHy THNOB M yCIoBMA 06pasoBAEAA MWHODANBHHX MECT 0=
poxzieEEll B CBmsE C SBeJOOMell TEABHOHRNEX CTDYKTYDHHX DNOMEHTOB 86 M-
Bofl KopH.

CpaBHHTONGHEN 8HANMS TeOOIOIHYSCKEX M DAJMONOTHYSCKHX ZEHHHX N0
pasIMYENY MATODMKAM, C yUSTOM BOBMOXHOCTO!l MeXKOHTHHOHTANBHOH Kop-
pelanuM, NOKASHBA6T, YTO JAOKeMODMHCKHe DyZHHe MOCTODOXJe HMA 00-
paseBaHH B YOTHDO IIaBHHO NMETAINOIeHUUOCKHEe BM0XM: apxefiCKyD
(3,5-2,7 mapa. ner), paHEenporepeseiickyn (2,7-I,9), cpezBenpeTe-
pesoiickyn (I,9-1,6) ® mospsenporeposoiickym (I,5-0,55 MIpA. IeT).

XapagrepUCTUKE STHX MOTALIOIreHMYOCKHX BIOX COAGDPEMTCA B pa-
gorax T.B,.Bumncumoit (I973), WU.T.MaraxssEa (I974), B.U.CuupHOBA
(1965), I'.A.Tsaxdpeauzse (I970). B coorBeTCTBMM C TeMoit ZoKmAZA
MH DaCCMOTDMM OO[BHE TPH SM0XH, KOTODPHe ONPEASGIADT COODTBETCTEGHHO
MOTENNOISHED KPATOHOB, NPOTOre0CHMHRKIMBANEEHX NOACOB, SIMKDETOHHHX
BNazMH M, HaKoHen, o6AacTeil NPOTOAKTHBABALMM,.

ApXelCKHe KDaTOHH, WMIH NPOTOKOHTMHOHTH, 0TDAXADT CAMHE DaHHUE
9TaNH Pa3BMTHA KOHTHHOHTANBHOM seMHoM KopH (Clifford, 19663 Good-
win, 1968). Tax, Hanpuuep, Ha KaHAZCKOM WMTE TaKhe CTPyK-
TypH - nposuEGAM Cynepuop M Cheil — 0TIANGANTCA PASBUTUEM 8pXeHCKHX
BYJIXAHOTGHHHX M 0CAZ0YHHMX N0POZ B BHAEe NPOTAX6HHHX NOACOB B Ope-
008 28 DWMX NOAAX IPAHATOMZAHHX OOPOZA. B CTPOGHMM BYJIR&HMYECHUX
(BeneHDKAMEHHEX) NMOACOE NPMHUMADT JUBCTHME [PEMMy L6 CTBOHHO OCHOBHHE
-BYIKEHUTH 0T G4B84EBTOB Ji0 AHAE3MTOE C BEHUWEOMMMM MX KMACIHHMY I83B8MH
M NHPOKIACTAMH, BHNG B8J6Ira0T rpayBEKKM M TAMHMCTHE CISHIH, MeC—
TAMHA C BEyTpM@opMANMOHHHMM KOHIJAOMEGDATAMM B OCHOBAHMM, ByIxaHo-
TOHHO-TPayBAKKOBH{ KOMIJIEKC 3818T86T HE (0166 JpeBHMX IDAHNTOAZBX
¥ NMpopBA&H METDYBHAMM (0766 MOXOZNX IDa8EWTOB. AHAJOTUYHO® CTPO6=-
HUe npuBoauTCR [x.BuascoHoM ( Wilsom, 1972) AJNA 38I6EO-
KaMeHHHX noAcos Pogesuiickoro xparoHa ¥ H.Xuamcom ( Hills, 1970)
Al BanazHolt ABcTpazud. MU B TOM M B ZPyroM CAyWEE NPeJNOIETasTCsH
(opuy poBaHMe ByIKAHMYOCKUX NMOACOB HA MANOMONHOM, HECTAGMIABHOH
CHAaIMUeCKo# Kope BA0AG BOSHUKUMX DasioMoB. B0spacT s8el6HOKAMOHHHX
N0ACOB NpeBHWAET 2,6 MIDZ. 76T, BOBPACT KOMNJNEKCA O0CH0BAHHA Hi-
I'Z8 TOWHO He 0OpeAeNeH,

HHTOpECHH yKASAHMA 0 BANMUMM DEAH)OBHX 0TIOXEHMM (MBBECTHFARM,
OPTOKBAPOUTH) CDBAM ApxeliCKUX MOTAMOP@MIECKAX MoPOA T'paHy AMTOBOH
paguu (CaTToE, I975). [uA noie§t rpaEMTO-THONHCOB TMNMYHH rpaHOAMO-
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peT-ToBAMMTOBAS QopMamMs M pesKomerTanshas ( Ta, Nb, Li)

pyAEaf Qopuanmus B MErMaTUTAX, 8CCONUMPYOEEA C OTHOCHTO JBHD Go-
186 NOSZHMMEA DeMOCMIMBOBAHEHMM KaldeBHMM rpaHMTaMi (BanagHasn
Apcrpanus, Kamaza). Cpeau zpesHelmux rHeiicoB sanazHoft I'peHusH auu
yOHAa py X6HH CTpaTUdOpPMEEE B4N8XM XDPOMUTOB B 8HOPTO3MTAX, CHopmupo-
BAHHHG 70 PeTMOHAABHOID MeraMmopdusma (Qhisler, 1970).

Jna apxeiCKHX 36A0HOKAMOHHHX NOACOB HauG0JIee xapakTepHH Qop—
MABOUM DEGAHAWCKAX C8BMTOB, yABTPaGASUTODE M I'DAyBAKK, C KOTODHMM
CHABAHN MHOPOYMCIGHHHE MEeCTODOEAGHWA 1BeTHHX MeTalN0s, 301074,
x6J1e88, HAHAjCKMe KCCH6A0BATENM PacCMaTpUBANT B6JeHOKAMBHHH{ MoAC
AGMTHOH K8K MoZeXs apxelficKoil MeTalNOoreHMM W BHAEJADT B [p6Z6JAX
9TOr0 NOACE YETHPE IeHETHYeCKMX ceMellctsa (MIX GopMapuu, B HAWEM
NOHMMA EMR) MecTopoxzeEuit ( Hutchinson et al., 1971).

K mepBoMy OTHOCATCH Cu-Ni CyARfMmHHE MeCTODORNEHAA B acCCOIMANMH
C OCHOBHHMH - YABTDAOCHOBHHME HHTDYSHBAMH, KO BTODOMy - CTpaTA(ODM=-
HHE KONYeJaHHHe 3aqe*d Cu-Zn-Au-Ag Dym, TATOTEDUME K SKCTDY3UBAM
CPeJHET'O - KHCIOT'O COCTAaBA, K TPETEHOMY — SKCTANAIMOHHHE  MBCTO -
pr=peHUs BO0N0TOHOCHHX CYAB)UAHHX DyZ M, HaKOoHEN, K Y6TBEDTOMy —
X0J0BMCTHO KBApPOMTH TUNa aarova. [oAYe prABAETCA, YTD &CCONUAnME Me-—
TANN0B B STHX MECTODOXZSHMAX CXO0ZHH C paHEel crajuell Kiaccuwckol
cxeMu 0.A.BumuOuEa (I955) M 9To BaxHYyD DOAb B 8DX6HACKOM pyZo06pa-
80B8HMM MTDANHM NOZEOZHHNE BYIKAHHSM M NocHezyomdii pe THOHALBHHN Me=
ramoppusM. [lepepacnpesenonue spaoTa B Oponecce MerTaMopiusma apxe -
CHUX BYIKE8HMTOB M OI0 KOHLGHTDANWA B BUZE EMABHHX MECTDPOE7EHWi
Gunu ycranopnemw P,Bolimem ( Boyle, 1961 ) Ha mpumepe paftoHa
Hemnoynaith m momrmepxmems B.BmammoeHom E mp. (Viljoen et al.,
I1969) mna seneHOKaMeHHOT'O modca BapdepToH.

A HanmperT (Naldrett, 1973) OTHOCHT MEIHO-HHRENGBHE MECTODORIA-
HMA B apxeficKEX yaAbTpacasuTAX K "CHHBYARAHAYECKOMY" KIACCY # CUMTa-
T, 9TO OHH MOI'YT NOCTHraTh OYeHR CONBEEX MAcCHTAG0B, HOCKOJEBKY B
PaHHWe STalH pasBATAA 3eMIA DeXAM CEpH Ha ypOBHe BepxHe# MaHTHR
GHJI OCOGEHHO GAArONpAATEH NS 3aPORIEHAA H MUTDANAN DYLOHOCHHX
CyAB{EIHEX DACILIABOB.

ChoemyeT 0TMETATH TAKKS, YT0 8DXe/CKHE IeOXMMAUCKM Chemua-
AMBAPOBAHHENE (OPMALMM MMONT BAXHOE BHAUBHUO KAK MCTOYHMKYM DyaHHX
BEmECTE NpM PerdoHaABHOM MeTaMopusMe B MpoTepoBOHCKAX MOACAX,
np¥ PopuMpoBAHAM SOMEPATOHHNX BONAJAMHE # T.7.

[poToreoCUEKIMBANEHNG NOFACA BOBHAKANT HA CTAZMM Z0CTATOUHO
78NeKo sAueZueH DBOJNIMM KOHTHHOHTANBHOK KODH M X8paKTEpPHH 2J7
paHEHer0, YACTHO CPeZHeTr0 Op0Tepos0d, X0TA NOABMTHCA MOIA yEe B
nosjHeM apxee. OHM NpeACTABAANT COGOf MPOTAXEHHHS IMHe iHHE TpOTH,
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pasje IADENEG HIM o0paMisomde KpDyOHHe OJoKM (oa66 paEHell KOHCODIHM-
ZAIMM, H N0 XapaKTepy pPASBMTHX B HMX CyNpPAKpyCTANBHHX KOMOAGHCOS
SAHHMANT OPOMEXYyTOUHOO NONOEOHAOG MEXEZy ZPeBEAMM "s0I6HOKAMNOHHHMH"
NoACAMM M CP6AHOAOKOMODPUHCKO-PaHepo30HCKUMY I'e0CH HKIMHANAMA .
CTpyKTypHO OPOTOre0CHHKIMEANBHHG BOHH HEDEZKO O0TAMWENTCH NOMHOH
(m4me fiHO%) CEA8ZYATOCTHD, KDYNHHMM KDAOBHMM ¥ 0CEBHMA DasIoMaMU
C OPOABMBIMMCA B HMX MHTDYySHBHHM METMATHMBMOM. B ODOTOIe 0CHHK IH~
H8IBHHX NDACAX pPA3BHT WHMPOKARl CNOKTP IeoAord®CKAX (Qopmanuil: cyo-
NMEPHHEHHX COMIMTO-KOpPaTOGUDORHX M SHZOBHTO-ZANMTOBHX, JONTHTOBHX,
TOPPUIreHHO~KaPOOBATHAX, TOPPHIPOHHHX, I'PAYBAKKOBHX M T,Z. MarumaTusu
NpeZCTaBJEH TASBHEHNM 06pasoM TPaHOZMOPMTI-NIATHOTPAEMTHOY M GoJee
NOBZHG# 018 I'¥OMAKDORIMHOBOK, 8 Takxe radopouaHofl ¥ GasMT—-yABTpa-
GasuToBo# PopManuaMu. JiA 0THOCHTEABED (0J6e MOBAHMX MOBHHX
CTPyKTyp, THOMYEH GasANBTOMZHHE M POX® KUCIHY ByIKaEWaM. HETeHCMB-
HOCTH POTrdOHAABRHOTO MeTaMopfusMe BApEAPyeT 0T S6A6HOCIAHOEBOH Z0
aupuconuToBoft ¥ 7AaEe rpaByIUTEBOM GayMM, [uA MEOTHX NpPOTOTEOCHH-
KIMBAN6# XapaKTepeH noiMmeTaMmopdusM,

OT0 CADEHO® COYSTAHHWE TOKTOHMUECKHKX, 0CEZ0YHHX, MATMATHUSCKUX
J MeTaMopMUSCKUX NpPON6CCOB 0NpeZelseT (oibioe pasHooGpasde ycao-—
BHl pyZ00o6paseBAEMA B NPOTOre OCHMHEKAMHA IBHHX MN0ACEX JOKAMGDHA.

JixecnuIMToBHe QopManMd HUXHEI'0 NMPOTEpPO30d COZGDEAT KDyOHeil-
mMe MECTODOEZGHME XOJOSHHX DyA, MBBECTHHO Ha BCeX KOHTHHEHTAX -
Ha Pycckoft ¥ OxHo-AMepDMKAaHCKOR naaTdopumax, Ha KaHazcroM muTe, B
ABCTpaiuMM; XeA68y HePOZKD CONyTCTBYOT MECTODOXAOHMSA MEPTAHNE B
EpacTanmmyeckux craHnax (Oxsas AQpuxa, HHZMA). Teonorus M I'eHEBHC
JoKeMOpUICEAX %0 NOBHCTO-KPOMHEMCTHX (Jopuanuil ONAM CoemMaibHo pac—
_CMOTpeHH Ha MexZyHApDOZHOM CHMOOBMyMe, CocTosBueMcH B Kueme B
1970 r. noz sruzok DHECKO.

C cyOMapHHHHMM BYZKGHOTGHHO—O0CE7ZI0YHHMH (QopMALMAMN HMZHETD
NpoTEpPoB0A CBABAHH KoAYe7S HHHE MeCTODOXZGHMA LBETHHX MEeTaIN0B,
B0 MEOTOM CXOZEH® C apxeiickumu (Kamazckuil, BanTuiickuit maTh).
B HeKOTODHX D6 TM0HAX OHM NOZBEDrEYyTH MHTEHCMBHOMY NeTaMOpjusmy,
YT) BHSHBAET HENDEHDANADEHECH ZMCKyCCHM 00 HX TeHesHCEe W 38K0HD-
MEDHOCTAX JNORAAMBALNM DyA. OZUH M8 APKUX ODUMEPOB - CBHUELNOBO-
OUER0BHE Bazexd BpokeE-XIMAn 3 Ascrpaikd (Hobbs et al,, 1968).

B npeToreoCHMHKIMHEANBHHX NOACAX J0K6MODUA NPOLECCH METaMOpHHe-
M3 MrpapT oce0eHHD BAXHYD Pols 3 00pAB0BAEWN MUHEDANHHHX MECTOPDE-
ZeERE. Coraaceo fi.H.Beaeeneny (I968), oTaMWTenbHHE 0C0GEHHOCTH
MeTaMOpPHOTreHHEHX MeCTODOEAGEHE — I'6 0XMMHYSCKEA CBABH W CXOACTEHO
MEHEEpaJBHHX NAapareHeskCcOB 3MOMADMHUX NOPOAZ M DyA, BeAymas poib
CEEBUATHX CTPyETyp M6TaMopDfMYBCKUX NOPOA B JNOKAIMB&OMM OpY7Z6HE-—
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HOHHA, HEBABMCMMOCTH PyZA000paBOBAHMA 0T WHTDYSMBHOIO MAI'MATUBMA
B T.7l. JCTAHOBIGHO HECKONBKOD THNOP [NpeoCGpasoBaHMA M 0TA0OEEHMA
pyasore Bemecrsa (Kpary M aAp., I973). Co0oTBETCTBEHHD BHAGAGHH TDH
Knacca Qopuayuil meTaMopPUUECKMX MECTOPOXZOEMA: napameraMopdugec-
KMe, peoMeTaMopiuueCcKHe M oproMeTaMopduyeckde. [lepsHe cdopmuposa-
HH 70 PerdpHAIBHOIO MeTaMopyMaMa, KOTOPHR MBMEHRET NMEB MX MAHE—
panpBHit cocTas (rUraETCKHe KMAHWT-CHINMMAHWTOBHe B848/6XH CBHTH
Kefte Ba KoabCEoM NoiyecTpeBe), BTOPHe 06pasoBaHH BCAEZLCTBUME
YacTMYHOIr'0 Nepe0TIOXeHMA BOMECTBa (CGoraTHe DyAH E8J6BUCTHX KBap-
OUTOB), HaKpHeIL, TPOTHM BOBHMKIM B NPONECCE CAMOID MeTaMopdusma.
Jis TpeTHer0 KIGCCH 0pTOMETAMOpPPM B CERX QopManuii Bepymee B3HaYE—
HA® MMBOT perpeccMBHHE MeTaMopjUsM audUCONMTOBOE M BEJGHOCHAHNEBOH
danuit 3 mopoZax ompejeNeHHOre MCXejHOrD cocrasa. Tak, B paHHe-
npoTepesoHdCKMX NoXMMeTaMopPUue CKHX KoMmuexcax Kapemus BHCOK0TEM-
nepaTypEHe peAKOMETSIbHHE NOIMATHTH BAKOHOMEDHO CMAHADTCA Golee
HMBKQTOMIEPATYyDHEMM My CKOBMTOBHMM NpPM NEPOXBAS 0T aHEAXYSHT-
CHANMMAEMTOBOrD THNA MeTaMopfusMa B RMEHMT-CUIAMMEHUTOBOMYy (Myc=-
KOBHTOBHE mersaTuTw CCCP, I975).

CnezyeT HOAWPKHyTH, 9T0 NPUBHAHME 0CAZ0UH0-BYJIK&HHOTEHHOIO
4 MeTamopHoreEHOr0 reHesHCA MHOIUX MUHEDAIBHHX MECTODORA8HMY mpu-
BOJ0 K MBBECTHOMy OrpPaBEEveHHD DoJM SHZOIeHHOro pyZA000paBOBEHUA B
NPOTOre QCHHKIMHA IFHHX NOACAX ZAOKeMOpMA. PasrpaHuyeHHe MeTaMop-
fere HHHX M SHZOTeHHHX MOCTOPOXZeHWIi, acCOUAPYDmUX C IPAEATOMA-
HHMM (QopManMEMH, 0CPGOHHD CIOXHO HA ypoBHe aMmpuboanToBoil Pamuu.
[OpuiMepoM CHyxaT paHHeNPOTe Po30HCKMe MATHETATOBHe M (0ronMToBHS
MOCTODORZOHMA B MATHOBMAJABHHNX CREDHAX HA ANZBHCKOM WUTO, KoTo—
pue Ouae omucaHn J,C.Kopmumckum (I947), K&K GMMETaCOMETHYSCKME
00pa 8088 Hil s

I TeM Ho MGHE® C MHTDYBMBHHM MAI'MATUSBMOM DAHHEIO NPOTEPOBOA
CBEfGAHH MHOTHO BAXHHO DyAHHO @opMAnAd, & HMEHHO: MOAHO-HUKeXe-
Bad B 0AsMTAX M yAbTpACAsMTAX, KENe30-TUTAHOBAF B radGpo-aHopTo-
suTaX, pezKoMeransHas (Mo, Sn, Zr, Li) B NEIMATATAX H IpeA3eHaX,
CONPUBOSZANIMX DOSKHAS TPAHATOMIH M Hp.

PaEHenpoTeposoliCKHe SOMKDATOHHHO BOAZMEH SaJOXMIMCH HE BOOI~
He KoHCOIMAMDOBAHHOH seMHONt Kope M B pASHNX pailoHAX 0XBATHBA DT
paBHHOG BPEMEHHHE MHTEDBAIH, BOJXOTH 6 CPeAHEro NPOTEpPOS0A. 3a-
NONEANNME MX OCSEKM HOCAT GoXsumefl 9acTHD MEIKOBOAHHA CyOniaT-
JopueHEN) xapakrep. Cpezu HUX HEPEZKM MOKPOBH TOAGMTOBHX Oa-
88]15T0B KOETHHOHETAIBHETO THNE, S8HUMAA CPABHUTONLHD 0CMMPHHE
MIomajH, TOPPHTeHHLE® M BYIKSHOIMOHHH® HODOJH, K&K npaBsuio, caa—
60 AMCHOOMPOBAHN M OOYTH He MeTaMophHs0BaHH,
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K oTiM cTDyKTypaM NDUYPOUGHH KPYNHe MMM MECTODOXACHAA METE J-
NOHOCHHX KoHriaowepaTos (Burmarepcpanz, BamoT-Te#k u zp.),
HOKOTOPHE O0CAZI0YHHe M BYJKAHOTEHHO-0CAZO0UHWO X6JE30DYJHHE MECTO-
poxzenua (Kasazckult muT, ABCTpanusa), MECTODOEAGHMA MEAUCTHX
necwHUKoB (Bocrousas CuGups). C KapGoHATHHMM MODOZAMA CBASEHO
crparufopMEOe CBUHLOBO-UMHKOBOE OpyZAGHEHMe,

MeTa IMDHOCEH® KOHTAOMEPETH NpPEACTABIAANT CO60d yHUKAABHY WL
TOOAOTMYECKYD ¥ PyAHyw Qopuamumo ZoKeMOGpus (YpaH B APeBHUX KOHI-
zoMeparax, I963; Caxom, I972). OHM BazerapT B OCHOBEHUM MK
B CpezHO{f WACTM MONHHX 0CAZ0YHHX ¥ 0CAA0YHO-BYJIKAHOTGHHHX Cepuli,
E0TOpHe CHopMuPOBAEH B WHTEpBame 2,8-2,0 MAPA.NET, C [6BKUM
JrIoBHM HOCOPTZACHOM NMEPeKPHBANT I'PaHMTO-THENCH X 3e/eHOKaMEHHHe
MNopoZH 8PX6s W pACHoJATapTCA JAUG0 BO BHy TPEHHMX 4YaCTAX KDAT OHOB
(DxHas A@puxa), IMG0 HA TPAHMLE C NMPOTOre0CHHKIWHS IBHHMM MOOACAMM
(Kanapza). Bezyay®o poAs B 06pa 30BAHMM CTDyKTyD, BMENADUMAX METaII0-
HOCHHO® KOHIJOMEPaTH, MIrpaly BepTUKaJBEHe TEKTOHM YeCKAEe JABUXEHMA,
HOTOPHe B TOWHWe COTEH MUIIMOHOB N6T COXPAHAJNM CHOD HalmpeBAGHHOCTE,
Celivac MeTAaANOEOCHHe KOHI'JIOMEDAaTH PACCMATDHBANTCH KaK 7 PEBHUE poc-
CHOM C YACTUYHHM lepepacnpese/ieBMeM Dy HOTD BENECTBA B NOCHERyl-
mMe NepuozH reoN0rMYecKoil MCTODAM.

K ocoGoMy THOy SONMKPAaTOHHHX BHAAME, METEAJ0reHWYSCKM CHEIMANU3k-
POBBSHHHX H8 M6Jb, 0THOCATCA Y7oKaHCKU{ nporué. OH CBABEH OpPOCTpahl-
CTBEGHHD M TOHOTHYSCKHM C MEXGJI0OKOBHMM DasJoMaMd, MCOOAb30BaHHHNK
BOOCA6ACTBMY MHTDySMAMU TDaHMTOMZOB ¥ racdepo-aHOpTosUTOB. MezeHoc-
HHO O0TAONGHMA - NECUSHMKM M SNOBPOJAMTH — CHOPMMUPOBAHH B JCAOBHAX
 MOmBONHOM M YaCTHYHO HABOMHON 76XbTH. [IpoMimReHHHE DyzH 06pas0BaHH
B pOByABTATO JMAreHeTHYECKOr'0 H 0COC6HHO KaTareHeTHYeCKOro npeos-
Das0BaHAA yOGOTMX KOHIOHTDA UM MePBM YHO- 0CAJ04YHOTO NDOMCX 0XJIGHUA
A o0BHapyEMEENT? fBHHE MNPUBHAKM CTPATUTPaQUUECKOr0 ¥ AATOXOro—ga-
148 IEHOTD KOHTPOJA.

QOfnacTd OpOTOAKTUBUSANMM KAK 0COCHH TN METANNOreHM WCKUX Npo-
BUEOMYt BHAeNeHH HezaBHo ( Smirnov, Kazanski, 1973). Bexymas
peXNb DaBpHBEHX H8DyWeHM}, ON0K0BHE Nepe MemeHAA KoHCOAMAMDOBA H-
Horo fyH7@MeHTa M pasHO00paBHHA MarMaTHBM, OXBATHBADOME B TEWHME
He( 0ABMOTD NpOMEXy TKa BpOMeHM OIDOMHHE NpOCTPAHCTEA, 0NPEZEJIANT
HX CX0ZCTED C 00ASCTAMH TOXT0HO-MAarMaTUwBCKoff akTUBMBanud Goxee
MoZoporo Bospacra, CmepuduyecKas ocoCGeHHOCTH ITMX o6aacTeit - npo-
ABNeHMe MeTaMopdusMe BeneHoclaHueBolt u aufuGomurToBoi Qanuit, co-
NPOBOEZA6MOTD IOKANBHHM DOOMODPMBMOM M [A/IMHI'GHE30M, BHEJIDSEHHE
PacCI0SEEHX raG0po-HOPHT-8HODTOBMTOBHX MEHTpY 8Mif, rpaEMTOBR pana-—
KMBH, HOJ0DWHHX Tre06poUZ0B, NOABJIOHWe 0COOHX pyAHHX Qopmamui. K
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HUM OTHOCATCH lpexje BCEero KBAPL-MNO0JEBOMNATOBHE METECOMaTUTH B
Kpy DHHX pas/ioMax KPUCTaJIMuecKoro QyHAaMeHTa, KOTOPHe HE 0OHapy-
HMBEKNT BUZUMOJ CBASKM C MarMaTUBMOM ¥ COZEPEAT pyJH TaHT&Nd, HAD-
Ous, Cepwumid, YPaHa U HEKOTOPHX APy TUX MET&JAN0B. [l 00JACTEl
NpPOTOAKT UBMBALMM XBDAKT@DeH WMPOKUA HAaOop SHAOTSHHHX Dy ZAHHX Qop-
maguit, K MX 4MCIy OTHOCATCA 8HOPTOBMTH C XeJO80-TUTAHOBHM OpyZAe-
HOHME M, AMJfepeHLMPOBAHHHE yIHTPAOCHOBEHE — OCHOBHHE WHTDY3MK

C MB8rMaTUYECKMMM MOCT ODOKZAOHMAMM CYJAbDMZHHX MEZHO-HUKE IGBHX DYy,
HOKOTODHO DOAKOMETANBHHE U CIDAOHOCHHE NETMATMTH B aCCOoNuaiiiu

C rpaHUTOMAEMM M, HAKOHEL, WEJDYHHO MarMaTHMYECKME KOMMIEKCH
[eHTPANBHOTO THMN&, CONPOBOXZAEMHO DEJKOMETANBHHM 0Dy /1€HEHUEM,

TEKTOHO~MATMATH ECKAA AKTMBUBALUA JOKEMBPUUCKUX

CTPYKTYP
3a nocaezHue I0-IS ner B CoseTckoM Comse pasBuioch HOBpe
HAy wioe HanpaBlJeHWE, CBA3aHHO@ C M3y UeHMEM BAKOHOMEPHOCTEH mpo-
CTPAaHCTBEHHOTD PABMEWEHAS NOJEBHHX MNCKON&EMHX B 0GJBCTAX TEKTO-
HO-MarMa TMYecKD akTuBMsayun ([poCNeMH METBINOreHUM..., 1975).
0 caMoCTOATONBHOM 3HA YSHMM NpPOLECCOB TEKTOHO-MarMaTiyeckoil ak-
THBM 3AIMN CBUAGTENECTEYNT CAGAYOMHE NPUSHAKHM: NPOABIGHWE B KOHTH—
HEHTAIBHYy O CTAAMD DABBUTHA BEMHO# KOpH; HAJOEOHME HA NJIATIOPMH
4 00JaCTH B8BODWEHEDN CKIAZUYEBTOCTH C BHBEJZEHWEM HA NOBEPXHOCTH
ZpeBHero (yHZBMEHTE; HAKONJAGHWE HEBOMHHX BYJ/KAHOTGHHO—DCAZOD YHHX
M yraeHocHHX fopMaynii; BOSHUKHOBOHME CBOZOBHX MOAHATHN, MEEIop-
HHX BO&JMH, NpUpa3dOMHHX ZAenpeccuit, pUudToB; PasHOOGDPa3HHN WH-
TpysMBHHE M a@diysMBHHH MATMATMEM — KUCHHi, CyOueloyHod, 04381b-
TOMZHEKE M MEeNOYHOH; MBMEHeHWe paspess8 B6MHOA KopH, BHCOKHE Ten-
JI0BHe NOTOKA, NOBHNGHHAA CEHCMUYPCKAEA aXTMBHOCTEH M MHTEHCHMBHOE
DHAOTEHHOE 0Py A6HEHHE.

B Me30306 TEKTOHO-METMATH 46 CKAS 8KTUBMBALUWA 0XBATHIA OCWMPHHE
npocTpaicTea Cucumpckol, Knrafickodl naardopm, naneosollCKUX CHIaz-
yaTHX o6macreit BocrowHolt AsuM, nourd BCk WEHO-APpMKEHCKyD OA&8T-
Gopuy ¥ mHOTMe aApyrue paioEd (lleraos, I968; Almeida de, 1972).

HemocpezCTBOHHD B ZOKeMODMICKOM KDWCTaJIIMYeCKOM QyHAAMOHTE
APeBHMX WMTOB M naatdopm ¢ Heli CBA3AHO BHeZDEHWE WHTPY suil
OOHTPaNBHOrD TUOA C MATMA THYGCKAMM MECTODOKZGHMAMNW HedeamHa u
anartura, GAOronMTOHOCHEMM M DeAKOMETAIBHHMM KapOOHATUTAMH, 8 TAK-
K€ 00pas0BAHMOM AINMASOHOCHHX KUMOGPIMTOB M MHOIOW CASHHNX TMApO-
Tepua IBHNX MECTODOEA6HMil GJoopuTa, B0JADTE, CYypPHMH, DTYTU U ApY-
TUX METAJJI0B.
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SAKIOYEHKE
TakuM 00pasoM, B AOKeMODUICKAX TONMAX JOKaJU3YKWTCA MHOTO0YXCIEHHES
W pasHooGpa3HHe MiUHepalIbHHE MECTODPOXZGHWA. QHM BOBHURIM B pe-
8yJABTATE AJMTEONBHOR SBOJNUMM 36MHOM KODH M NPUHAZNIEXAT K 4YeTHPEM
rpynnaM pyAHHMX QopMammii:

I - veramopd30BaHHNE OCAZDYHHE U 0CEJ0YHO—BYJIKBHOTS HHHE
(keNesMCTHe KBEADUATH, KOJYsjaHHHE MECTOpOXJeHUA [BETHHX MeTaJl-
J0B, METaNJIOHOCHHE KOHEIIOMEDPATH, MEAMCTHE MECUAHNKN # JP.);

I = MeTamopdoreHsse - opromeraMopduueckue (MarHesHaABHO—
CKApPHOBHE MBCTOPOXAGHHA XeJiesa W (A0OT0NATE, MyCKOBMTOBHE M PelKO-
METalILHHE MEerMaTuTh, DyZAOHOCHHE WEMOYHHE METECOMBTHMTH BO0H pE rMo-
H8JIEHHX DasioM0B, N0CTMETaM0phy Y8CKME TUAPOTEPMAJIBHHE MECTODOX-
JleHus 304078 U ApP.);

Il - marMaTuyecKue (MECTODOKJEHMA HUKeJNA, MeAu, Ko6alanrra, Xpo-
Ma, NAaTHHH, TUTAHA B CBASM C OCHOBHHMM MHTDy8MAMi, amaTurTa A
He(EeMMHA - CO WOJOYHHMMU MBCCMBAMM, DeZKOMEeTauBHHE W (IOromuTo-
HOCHH® KapGOHATUTH M JP.);

IY - nocrMmarsmaTMyeckue (peaKOMETANbHHE NErMaTUTL, I'MAPOTE puMaIE—
dHe MeCTOpPOEZeHMHA 3070T&, CypbMH, CBUHLE, LMHKE, (Jo0OpPUTa, DEAKUX
86MEND U ZD.).

B cBaASKM C o0WMM HBIPaBJAEHHNM DasBUTHEM 36MHO{ KopPH yCTaHEBJIAM-
BA6T CA BAKOHOMEDHAA CMEH8 oJTUX PyZAHHX §opM8nWid. Co0TBETCTBEHHO pas-
HHM CTDYyKTyPHHM 3JEMEHTAEM MaTePUKOB NpPHUCYWM pasHHE HAGOPH Py ZAHHX
Qopuanuil. MeTanzoreHM® KpaTOHOB ONPEZE.ANT BYJAKaHOIE HHO-0CAZ0YHHE,
MeraMopdoreHHHE U MarsaTUYecKUe MECTOPORAELUA, 00Pas0BaHHHE B
pesynbTale MOCTYNJAEHWA DPyAHHX BEWECTE M3 (asaAbToBoH o000wM i
BepXHe# MaHTUM. [l1s NpoTOre OCHHKJIMHEJABHHX MOAC 0B XaDAKTEDHO
COYS TAHWE pPasJMYHEX DyZA00CpasyMmAX MPOLECCOB, CBASAHHHX C C8JMMeH-
TaUUe M NOABOAHEM BYJKAHWSMOM, WHTPyBUBHHM MaruaTHsMoM, peTMo-
HaJABHHM MeTaMopyuamoM aMmduOoduToBOf M seaeHocrakuesol daymii, zias
HUBEENDPOTEPO0B0HCKAX SNMKDATOHHHX BOIAZMH - pemapumee BSHaYeHWe BK30-
T@HHOTO0 0pyZeHOHUA. B 0GIACTAX NMPOTOAKTHUBMBALMM M 0COGEHHD TOK-
TOHO-MATrMa TH4YECKON 8KTUBMBEUMM BeZymasa pPolb B pyzoo06pasoBaHAM Opk-
HAZJIEKUT MATMATUYECKMM M NOCTMATMA TY YECKMM NponeccaM(CM. DACYHOK).

JloKeMOpUICKME CTPYyKTyPH pasHHX MATEDUKOE BO MHOTOM pasii-
YapTCA MeKzy CoGolt ¥ Mo MCTOPHM TeuJOoPMYECKOTD PasBUTUA, W M0 HA-
GopaM NDJE3HHX MCKoNaeMuHx. PacCMOTDEHHHe BHUE NMPUMEpPH, KOHEYHO,

HE 0XBATHBENT BCEr0 pasHOOGPAsMA BTHX Py AOHOCHHX CTIPyKTyp, Ho
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OHW BAM@WE DT DZMH M8 NyTelf aHANKM38 MOTAJNOreHMH A0KOMGDHF. ODTO0T
NyTE - CO3ZAHME METAJJIOTEHUYOCKHX MOZeneldl ZAf I'ISBHE MIMX T6 KTO0-
HU UG CKMX SI6MEHTOB ZO0KeMOpDMA HE (fopmauuoEHod ocHoBe. MoxHO Baje-
ATHCA, YO0 WUCC/BZ0BAHUA TAKOIr0 DPOA8 MOBBOJAAT DABBMTH NPMUELMOH H
MeTOZH NPOTHOBMPOBAHMS M0N6HHX MCKONAOMHX B ZOKOMOPMICKMX KoMOo-
JlgKcax M GyAyT CNOCOGCTEOBETH BOBJAGYSHMD B NpPOMBNJIEEE0S MCHOIB30-
BEHAE HOBHX MUHEe DAlBHHX DeCypCOB. ‘
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T.A.T' p 0 ¢ c (Kanaga)
METAJIJIOTEHU YECKAA 3BOJIOLMA KAHAJZICKOT'O UATA

G.A.G r o 8 s (Canada)
METALLOGENETIC EVOLUTION OF THE CANADIAN SHIELD

MeTannoreHNYeCKHe OPOUECCH M CBASAHHHE C HAMA T€0JI0IU-
YeCKMe COOHTHA HA KaHAZCKOM MUTE yCTAHOBAEHW ZJA II6pU0-

Za B 3000 mas, zer, OpHaK0 I'e0JOrMYeCKas MCTOPHAs BTOrD-
nepHozs €me NOJHOCTHED HE BHABNGHA, TAK KAK JAQHHHX WM
Kagux-mmo0 ABHHX CBANETEJBCTB O IpoHeccax WiH COOHTHAX,
AMEBINX MECTO B TeUeHMe IJATEJBHHX HMHTEDBAJOB BPEMEHA 3TO-
TO mepuona, He COXPaHWIOCH.

Merannoresns Kaxzao#t reoaoruvecKoil mposuHnMM KaHaz~
CKOI'0 MMTA PACCMaTPMBAETCA O0TZOJABHO, TAK KAK HEKOTODHE
BechMa OGWMPHEHE DETMOHH DABAWYHOTO T'EHEBMCE NOTIDYSMINCE
Kak aurocfepHEe NAUTH C pasaMyHefl NoCAeZ0BETEILHOCTED T'e0-
A0THYACKMX COGHTMA B Kaxzoft us naur., B npejelax mATa BHJE-
IANT cAezybmMe NPoBMHELMM: BepxHoO, Yepunis, T'DEHBUAB,.
Cneits, bup HyTrak M UmHyo. O7HAKO KopPeNAUMH Ie0IOTUUECKUX
COOHTHR MOXZy OTZeAbHHMM MPOBAHIMAMM BCE €me BECHMa mnpol=-
neMaTHyHH, B padoTe pacCMOTPEHH OCHOBHHE OCOGEHHOCTH MeTal-
JOr6HMM, 8 T4KEe NpoUeccH 06paBS0BEHAA MECTODOXJGHHMHA noaes—
HHX MCHKONMAEGMHX MpOMHINGHHOTO 3HA WHMA JJA KaxXz10ft NMPOBMHOMH,
OTMOYGHH crenAduyuecKde aKTopH BIMAHMA CpPeZiH HE 06pasOoBaHHEe
PyAHHX KOHOEHTPaLMil.

MeTanjoreEns apxed 0npezelAeTCH BYJAKAHN YSCKUMA nporec—
caMi, NpUBSAmMMA K 00pasoBaHUD 0CWMDHHX XeJe30pyAHHX dop-
MA[UA, MASCTOBHX MECTOPOEZGHUH LBETHHX METaIN0B, MaCCUBHHX
CyJAb{pUAHHX DyA, MECTODOEA6HME BsoZoTa, cepelpa, HHKelIn B
OCHOBHHX M yIABTPE0CHOBHHX Nopojax, a TAKES MeCTopoEjeHMi
acoecTa ¥ HEOMETAaANMUECKNX pyZ. [48 NpoTeposoiickuX obpasosa-—
HUE BNaZMH, NePEKDHBANMMX 8DPX6HACKME TOJmM WIA C00paHHHX
BMECT6 C HUMM B CHIAZYEATHE CTPyKTypH, XapakTe DHH EKeaesopyz-
HHe QopMmamuu TMma 0sepa BepxHero, ypaHOHOCHHe KOHIJIOMEpAaTH
¥ Apyrue MeCTOPURZGHUA BYIKAHOT@HHOI'D NPOMCXORZEHUA. ME-
TPySUEBHHE KOMIJEKCH OCHOBHOID cocTaBa pailoHa Cezfepd X
036pa TOMIOCOE COZOpEST 8HA WMTENBHHE KOHUOHTPAIMHM HUKE IA,
MEZM, XEl688 X ApATONOHHHX METANJO0B.

Jas npoBAHUMd T'DeHBUAB, C AOBOJBHD CAOEHON IeoJ0oru-
YeCKO# ucTOpMelt, XxapaKTepHO HauGoibdee paBHOOOpasHe MeCTO-
POXJEGHUR ¥ pyZONpoABAGHMI METaNA0B M HEMETAJJN0B CPEZM BCOX



peruoHoB mETa,. liMpoKo pacnpocTpa HOHEHe B 5ToM NpOBMEIME
HaNO0DIe e 3EAYMTONBHHHO I10 PagMepaM MHTDY3MBHHE MACCHBH aHOD-
PToSKTOB ¥ racepo COJAepEAT BaMETHNe KOHeHTpaILMM ReJesa,
TUTaHA U BaHAJHA.

lpoBuHEYMA YepWIAp 50 MHOIOM CXO0ZlHA C NPOBMHINMeH 036pa
BepxHero; 0H8 TAKEG® XADARTOPUBYOTCH NPe0OUEZEHMEM BYIKaHO-
TOHHNX MECTODOXJIOHEY NOJGSHHX MCKONAeMHX. HeKoTopue H3
MHTPY BUBHEHX MOPOA KACIOI0 COCTaBE MMODT ONpeAe/e HHOE TIeHe-
THYSCKD® BHA WHME JNA 00paB0BAHMA MECTODORJEHME DAAMOaK—
TUBHHX DY 7le .

KoMnZeKCH HOABLEBHX 86K mMEJOYHOr'D COCTEB& C pABHOOGO-
pasHHM COZODEAHMEM MOCTODOXAGHMHE M PYAOOPOABJOHHHE MeTal-
I0B ¥ POJK0S6MOALHHX DIEMEHTOB NpezcCTaBIANT codolt meciez-
HOD CTajMD MeTalloreHesa B NpoBMENMM BepxHelt, Hccaeposamus
NocJeHUX 6T NOKasHBADT, UYT0 PABHODGPABHHE THUIH MECTOpOE-
ZGHA} N0Je3HHX HMCKONaeMHX CBABAHH ¢ 9BoApNHeldl By JKaHMJec-
KMX noscoB. Coja 0THOCHTCA EeleS0pyAEHe QopMmauid C Cyasduz-
EHMM (QauMAMM, MOCTODOXAGHUA CYABPUAOB MacCCHBHOM M naacTo-
Boft fopM, CyAbDHZHEN® MOCTODPOXZ6HAS HHKeNs B OCHOBHHX #
yABTPAOCHOBHHX NODOA8X, MECTODOXZGHMA BON0TE M MEZM B
MHTDYBUAX IDEHWTOB, & TAKEG MOCTODOXZ6HUA HEMETAANOB 3
yABTPAOCHOBHHX NOpPOZ&X. SaKOHOMEDHOCTH DacHnpoCTpDAHEHMUR TOE-
TOHAYOCKH MOGMABHHX BYAKAHAYOCKMX NOACOB KOHTPOAMPYOTCH Iaas-
HelfmUMM Iy CMHEHHMA paBloOMaMY BEMEHO! KOpDH, CBABAHEHMH C
TA06a/bHHME OPOTEeHAYSCKMMI ZBUXE HUAMM,

Metallogenetic processes and related geological events in the Cana-
dian Shield are identified over a period of 3000 million years. The
geological history is incomplete with no evidence or documentation
of events being preserved or discernible for long intervals of

time during that period.

The metallogeny of each geological province of the Shield is
considered separately recognizing that some broad regions of di-
verse origin have merged as crustal plates with distinctive sequen-
ces of events recorded in each unit. Provinces of the Shield are
the Superior, Churchill, Grenville, Slave, Bear, Nutak and
Southern. Correlations of geological events between provinces are
still tenuous or problematical. The main metallogenetic features
and processes giving rise to mineral deposits of significance in
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each provinces are reviewed, with consideration of special envi-
ronmental factors that may have influenced mineral concentration.

Archean metallogeny is dominated by volcanogenic processes
that gave rise to extensive development of iron-formations, strati-
form base metal deposits, massive sulphides, gold and silver, nickel
in basic and ultrabasic rocks and asbestos and non-metallic depo-
sits. The basins of Proterozoic rocks overlying or infolded in the
Archean, are characterized by Lake Superior type iron-formations,
uranium bearing conglomerates and other deposits of volcanogemic
derivation in this period. The basic intrusive complexes of SBudbu-
ry and Thompson Lake, bear outstanding concentrations of nickel,
copper, ferrous and precious metals.

The Grenville Province with its complex geological history has
the greatest variety of metallic and non-metallic mineral occuren-
ces in the Shield. The most extensive intrusive masses of anothosi-
te and gabbro known anywhere occur in this province and contain lar-
ge concentrations of iron, titanium and vanadium.

The Churchill province has many features similar to those in
the Superior province with a predominance of volcanogenic mineral
occurrences. Some of the acid intrusive rocks are of gemetic signi-
ficance in the formation of radioactive mineral deposits.

Alkaline ring dyke complexes with a variety of metallic and
rare earth minerals are a late stage metallogenic event in the
Superior Province.

Volcanngenic processes were a dominating feature in the metal-
logenic evolubtion of major areas of the Shield. Work of recent
yoears demonstrates that a variety of types of mineral dsposite in-
cluding iron-formations with sulphide facies, stratiform and massive
sulphide deposits, nickel sulphides in basic and ultrabasie rocks,
gold deposits, copper in granitic intrusions, as well as ultramafic
rocks with non-metallic mineral resources are all related to the
evolution of volcanic belts. The distribution of the tectonieally
mobile volecanic belts appears to have been controlled by major deep
seated fracture patterns of the earth's crust that relate to global
orogenic systems.

Three billion years (3,000 million) of the earth's 4 to 5
billion years of geological history is discernible from evidence
available, but there are major gaps in the record. Much of the ge-
ologidal record is obscure and the dating of events is uncertain
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because of ercsion and metamorphism masking age relationships. The
task of relating complex processes of mineral genesis in an adequa-
te context of time and geological evolution is event more challen-
ging and uncertain because of the obscure regional history.

It is doubtful whether any geological processes were actually
unigque in Precambrian time that are not operative in contemporary
situations. Exceptions, of course, are mineral concentrating pro-
cesses related to some environments at surface where geochemical
processes are subject to the effects and activity of organisms and
influenced by vegetation cover on land. The influence of atmospharic
evolution on the development of Precambrian metalliferous sediments
has not been satisfactorily determined. In view of evidence from
contemporary metalliferous sediment deposition and from that in
Paleozoic time, one may conclude that factors such as evolution of
the atmosphere or the composition of ocean water have had only a
modifying influence on the fundamental proces s that give rise to
significent mineral concentrations.

Evolution of the Canadian Shield is not a siangle sequence of
geological events or processes, but the evolution of individual pro-
vinces has to the considered. Some geological provinces may be se-
parate plate structures, but these have yet to be satisfactorily

_demonstrated and adequately defined. Other province boundaries may

represent major faults and breaks with dislocation of parts of the
same original cratonic area. There is no sequence of events common
to all provinces of the Canadian Shield, although some of the major
kinds of metallogenic processes and metallogenes are found in all
provinces.

Sequences of geological events and processes leading to mineral
concentration, recognized as distinctive genetic models or metallo-
genes, are diredtly related to the evolution and history of a single
geological belt and its development in a particular period of time.
Understanding of metallogenetic evolution is therefore closely de-
pendent on and an integral part of regional geological evolution in
each province o2 the Shield. Genetic models derived from the study
of individual mineral deposits must be integrated and mineral concen-
tration processes correlated with the history of sedimentary, igne-
ous and tectonic evolution is derived from regional studies.

Provinces of the Canadian Shield are the Supsrior, Churchill,

Slave, Bear, Grenville, Nutak and Southern. They are distinguished
serpentinization processes. Each volcanic belt with related meta-
llogenetic processes has evolvad separately and has a distinetive

271



geological history. Direct correlation of rock groups between
greenstone belts has not heen possible. The isotopic age dates
throughout the province are all within one broad age category re-
presenting widespread metamorphic overprinting in the region. The
relative ages of different volcanic belts and hence metallogenetic
epochs within them are of local significance.

The Churchill province emcircles Hudson Bay on the west, north
and east and extends over Baffin Island, the Ungava Region of Que-
bec and part of Labrador. The isotopic ages of the rocks range from
2,200 to 1,400 m.y. Its boundary with the Superior province on the
west is marked by a well defined tectonic belt with bhasic intrusive
rocks that contain the Thompson group of nickel-sulphide deposits.

Other boundaries are marked by unconformities with younger rocks
and structural disconformities along tectonically mobile belts.

The early part of the metallogenetic evolution and geological
history of the Churchill province is closely analagous to that
described for the Superior province with belts of volcanic rocks
and sediments infolded or feulted in a granitoid craton or massif.
The relative ages of sedimentation and volcanic deposition between
greenstone belts is not defined. Dolomitic rocks and quartzitic se-
diments are more prevalent among the volcanic sedimentary rock
groups, suggesting intermediate to deep shelf marine depositional
enviromments. The age of deposition is believed to be younger than
that in the greenstone belts of the Superior province.

Frominent features of outstanding importance in the Churchill
province are the belts of continental shelf sediments and volcanic
arcs of Proterozoic time in which sedimentation ranges from about
2,000 to 1,800 m.y. which contain extensive distribution of Lake
Superior type iron-formation. These include the Labrador geosyncli-
ne, the Cape Smith-Wakeham Bay belt, the Nastapoka, Belcher Islands
and Sutton Lake belts, and the Mistassini-Albanel Lake belt, all of
which are considered to be correlative in time of deposition. These
belts are also believed to be of an age similar to that of the
Gunflint iron range in Canada and the iron ranges of the Lake Supe-
rior district in the United States. Characteristically in the Labra-
dor geosyncline the sequence of iron-formation rocks is deposited
with a continental shelf group of rocks comsisting of dolomite,
chert breccias, quartzites, carbonaceous shales, and argillaceous
mudstones end turbidites. A prominent mccumulation of basic and
intermediate volcanic rocks synchronous in part with the iron-
formation deposition is found offshore and in deeper water environ-
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ment in the middle and eastern part of the Labrador trough. These
are intruded by gabbroic dykes and sills and ultramafic intrusives
along the eastern side of the belt. The eastern margin of the Lab-
rador geosyncline is marked by promiment structural disconformity
and en increase in metamorphism. Volecanic and ultramafic rocks are
prevalent in the Cape Smith belt and volcanic rocks are prevalent
with the iron-formation sequence on the Belcher Islands. The iron-
formations are the dominant metallogenetic feature in all of these
Proterozoic rock belts with iron ore deposits developed in both
the low and highrank metemorphosed parts of the iron-formations.
Secondary enrichment of iron, leaching of silica and oxidation of
iron minerals waes imposed in the iron-formations in Mesozoic time
in the Central part of Labrador belt. The volcanic rocks in this
area contain copper and base metal sulphide deposits, nickel sul-
phides in the basic intrusive rocks and asbestos in the serpentini-
zed ultrabasic intrusives of the Cape Smith belt.

Other prominent occurrences of Proterozoic rocks occur in the
Horthwestern part of the Churchill province. They consist mainly of
sandstones which are less deformed and their metallogenetic signi-
ficance is mot adequately understood. Nickel and copper sulphide
deposits occur in the southwestern margin of the Churchill province
in highly metamorphosed gneissic rocks as well as in the volcanic
rocks. Urenium and uranium-silver occurrences in this southwestern
area are associated with some of the younger rhyolitic extrusive
and granitic intrusive rocks.

- The Bear and Slave provinces have belts of volcanic and sedi-
mentary rocks in gneissic terrazin that are comparable in many ways
in their geological setting with those of the adjacent Churchill
province. Veins of gold in volcanic rocks and silver copper bismuth
occurrences are types of mineral deposits in these provinces.

The Grenville province im Canada forms & distinctive orogenic
belt extending from Lake Huron and Lake Ontario to the Labrador
coast. It has prominent lineal structural dislocation along its
southeast border. The Grenville front along its morthwest border
has metsmorphic demarcation with the Southern, the Superior, Chur-
chill and Nutek provinces of the Shield. Orogenic and tectomic fea-
tures of the Grenville province range in age from 1,200 to about
800 m.y. and involve rocks of the adjacent provinces on the north-
west as well as a number of groups of rocks that are distinctive
in the Grenville belt.

Bocks of the Kaniapiskau supergroup of the Labrador geosyncli-
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ne, containing the Lake Superior type iron-formations, extend
southwestward imto the Gremville province where they have been in-
volved in three stages of foldimg and structural deformation and
were raised to the amphibolite rank of metamorphism in later sta-
ges of the Grenville orogeny. The quartzites, dolomites, iron-for-
mation, granitic gneisses and schists correlated with the Labrador
geosyncline sequence of rocks form isolated structural segments in
the Grenville terrain. The intense folding and recrystallization
of those iron-formations is of special metallogenetic significance
in producing large iron ore deposits that are easily bemeficiated
to give high quality iron ore concen.rates. These are the only se-
dimentary iron-formations of economic significance in the Grenville
province., Other iron-formations that occur in the southwest of the
province appear to be of Algoma type and environmental affinity
and have local metallogenetic significance as indicators of base
metal, sulphide and gold deposits in associated groups of rocks.

The Grenville province is characterized by a great variety of
different types of mineral occurrences. It has the most complex
metallogeny of the Canadian Shield which gives rise to both metallic
and non-metallic mineral deposits. The large anorthosite and gabb-
roic anorthosite intrusive masses of the Grenville province form the
most extensive occurrences of these rocks in the world. They were
emplaced during the early stages of Grenville orogenic development
with approximate ages of 1,000 m.y. Complex ilmenite and magnetite
deposits bearing titanium and vanadium are closely associated with
the snorthosite and anorthosite-gabbro masses. Some of these tita-
niun-fron deposits are syngenetic in the anorthosites and gabbros,
while others were intruded in the late stages of the anorthosite
epoch. The anorthosites are more prevalent in the southeast part
of the province. Titanium rich deposits in the form of ilmenite
masses are more common in intrusives and are larger in size near the
scutheast border in its eastern parts, with titaniferous magnetites
and gabbros being predominant to the north and southwest. Smaller
more alkaline rich intrusives form a late stage phase of the anortho-
site-gabbro differentiation processes.

The southwest part of the Grenville province is the most com-
plex geoclogically and metallogenetically. Groups of highly meta-
morphosed sedimentary rocks include marble, amphibolite and gramitic
gneisses that represent shelf type sedimentary sequences, and close-
ly associated with these rocks are amphibolites derived from both
extrusive volcanic rocks and basic dykes and sills. Small contact
metasomatic type magnetite deposits are evidently distributed in
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this southwest part of the province and are related to granitie
intrusions and have a close affinity to amphibolite host rocks.

The variety of granitic and alkaline intrusive rocks cannot be

- adequately described in this review context. Nepheline syenite
intrusions are of special eignificance. Uranium deposits are associa-
ted with other granite intrusions amd gneissic rocks. Important
granite pegmatite occurrences are hosts for a variety of deposits
of eccnomic significance that include mica, feldspar, beryl, lithi-
um minerals, etc. Talc and magnesite are mined in the region and
sinc copper sulphides and gold occur in some of the amphibolite
rocks. Lead bearing veins are common, some of which may have been
formed in a post Precambrian time, as are the barite, celestite and
fluorite deposits. Other deposits of significance in Grenville rocks
are bthe aspatite, graphite, kaolin, vermiculite, corundum and silica
deposits. Alkaline intrusive masses bearipg niobium and tantalum

are post Precambrian in age and emplaced in Grenville rocks.

The variety of metallogenetic models in the Grenville related
to local complex stratigraphic. tectonic and intrusive events empha-
sises the importance of relating metallogenic processes to regional
stratigraphic-tectonic evolution. Although a number of sedimentary
- ‘groups extend from the northern provinces and are deformed in later

stages of the Grenville orogeny, they do not preclude the possibili-
ty that the earlier rocks of the Grenville belt were tramsported in
a plate structure that has overridden parts of the cratonic massives
of the Superior and Churchill nrovinces. Metallogenetic evolution
in the Grenville province, therefore, bhad & distinctive and inde-
pendent development within the context of this orogenic belt.

The Nutak provinceé has many features in common with the north-
east Grenwille geology but it is defined mainly om structural and

* stratigraphic criterion and may be a plate structure.

The Southern province extends along the morth shore of Lake
Huren and Lake Superior in Canada and intc the Lake Superior dist-
rict of the United States, It has two predominant groups of rocks,
the Animikie and Huronian, and is divided into three subprovinces -
the Penokean Fold Belt, Port Arthur Homocline, and Lake Superior
Basin., Several ages of basic and acidic intrusives occur in the pro-
vince. Isotope dating ranges from 2,300 m.y. to 1,000 m.y. with tec-

tonic and metamorphic events being most active between 1,700 and
1,600 m.y., which coincides with the Hudsonian orogeny of the Chur-
chill province and extends to about the middle of the Grenville oro-
geny about 900 m.y. ago.

The Southern province has four outstanding metallogenes of
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classical interest - the Sudbury irruptive complex with nickel,
copper and precious metal deposits, the Elliot Lake group of rocks
with extensive beds of uranium bearing conglomerate, the Lake Su-
perior type iron-formations in the Animikie group of rocks including
the Gunflint iron-formation in Canada and various iron ranges of
the Lake Superior District in United States, and the silver bearing
vein deposits in the Cobalt Series rocks with associated nickel,
cobalt, copper, arsenic and bismuth minerals. There are various
other copper and silver vein deposits in the province and nickel=-
copper sulphide occurrences in gabbro sills and dykes.

A satisfactory account in detail of metallogenetic evolution
in each province of the Shield cannot be elaborated in this short
paper. Some discussion of the most important genetic mineral models
that have significance in several provinces follows.

Genetic models for different types of mineral deposits relate
a number of major geological processes or phenomena. The following
are of greatest significance in the Canadian Shield and include the
most common metallogenes and their general geolozical affinities.

- The great variety of volcanogenic mineral deposits developed
at. various stages during the evolution of a volcanic arc or
belt of rocks. Prominent im this volcanic setting are the stra-
tiform sedimentary deposits including iron-formations and sul-
phide deposits with related gold bearing facies.

- Syngenetic and epigenetic deposits developed as part of layered
and differentiated mafic and ultramafic intrusive complexes.
Examples of one group of this general category are the Sudbury
nickel eruptive and the Muskox complex.

- Another group of this category includes the anorthosite and
anorthositic-gabbro intrusions with different and distinctive
types of mineral deposits.

- Various genetic models of deposits associated with granite
intrusives, including syngenetic differentiates, pegmatites,
contact metasomatic deposits, skarn and greisen zones.

- Carbonatite and alkaline ring dyke complexes.

- Veins and stockworks and replacement deposits in fault and
structural dislocation zones, including mineral concentrations
derived by lateral secretion or emanation from deep seated
magmatic sources.

- Syngenetic sedimentary accumulations such as the uranium bea-
ring conglomerates, various ancient placer deposits.

- Syngenetic sedimentary deposits with special accumulations of
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elements as, for example, lead and zinc in carbonate and
dolomitic rocks, black shales.
Steady progress has been made in recent years in defining and

: understanding all of these major metallogenes and in genetic mode-

1ling of related deposits in the Canadian Shield. Probably the
greatest advancement has been made in understanding volcanogenic
deposits and sppreciation of their significance has had profonnd'
impact in successful mineral exploration and discovery. Study of
the contrasting depositional environments for origin of iron rich
sediments demonstrated that the Algoma type could only be satis-
factorily explained by volcanogenic process. The implication of
these genetic concepts led to the realization that most other mi-
neral deposits in the volcanic belts were directly related geneti-
cally to the volcanic processes that produced the iron-formations
and the seguence of wvolcanic rocks. The belts of wvolcanic rocks

in the Precambrian have had long complex histories involving igne-
ous, tectonic, sedimentary, and a wide range of volcanic processes
tha: led to mineral concentration at various stages during their
evolution,

The belts of volcanic rocks in the Precambrian are developed
along deep seated linear structural breaks in the crust. They are
believed to be related to world-wide patterns of tectonic and oro-
genic disturbance analagous to tectonic systems along which vol-
canic arcs are developing today. Environment for tectonic-volecanic
development ob’viou's],y varied in the Precambrian as it does today,
with volcanism being a part of the development of rift systems,
which in turn are in active evolution along ocean ridges or tran-
secting continental shelves, stable crust or continental plates.
Volcanism developed along narrow structural breaks as well as in
broader mobile belts. Volcanism during Proterozoic time in the Ca-
nadian Shield developed along narrow lmoni- belts at the edges of
cratonic areas of the crust. These belts are bounded by continental
shelf and shallow basins of deposition adjacent to the cratons and
by major zones of structural dislocation on the oppogite side of
the volcanic belt. In the Superior province most of the volcanism
seems to have taken place along broader structural troughs and
grabens with volcanic centers and necks identified in a more random
than linear distribution within the belts, Depth of water in the
marine environment of the troughs during depositon of the volcanics
varied considerably from belt to belt and apparently within a sin-
gle broad volcanic belt as shown from the variation in sedimenta-
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tion features of greywacke, turbidites and clastic sediments accu=-
mulated with the volcanio rocks,.

Sediments associated with volcanic rocks im the chu:eh:lll
province suggest that a deeper continental shelf facies of rocks
may be more prevalent in its volcanic belts. All volcanic belts
throughout the Shield, regardless of age and distinctive petrolo-
gical types developed in them, appear to represent a wide range of
tectonic and depositional enviromments. This has important implica-
tions in the problem of provenance of the iron and silica and other
metals in the banded iron-formations and related sulphide deposits.
The Algoma type iron-formations of the Superior province are undou-
btedly of volcanogenic derivation and intimately distributed with
volcanic rocks and identified in many cases with volcanic centers.
Iron-formations of the Churchill province of Algoma type have some
continental shelf characteristics in their depositional enviromment.
Iron-formations of Lake Superior type deposited in stable restric-
ted basins on continental shelves may have the iron contributed
from volcanogenic sources along the fault sones in the offshore
areas. Precipitation of the iron and silica took place in the
shallow oxygenated basin areas on the ghelf with deposition further
away from volcanic centers or fumarole areas tham that in the Algo-
ma type enviromment. Higher acidity in the sea water with a reducing
enviromment, as postulated during atmospheric evolution, and lower
content of oxygen in the oceans during the early Precambrian would
have been conductive for transportation of iron from the volcanic
source areas to the shelf area of deposition. Nodern examples of
iron deposition that have been located in recent years and that are
closely analogous to iron-formation deposition of the Precambrian
are assoclated with volcanic activity along ocean ridges or along
rift systems such as that of the Red Sea. The problem of metalloge-
netic evolution of iron-formation and other deposits of volcanoge-
nic derivation becomes one of defining the enviromment of deposition
and the kind of wvolcanic evolution that is characteristic of a belk.

The iron-formations are the most widespread and largest of the
different types of volcanogenic mineral deposits. They have no spe-
cific place in the rock sequence in a volcanic pile and may be
part of different cycles of volcanic differentiation in an area.
The actual period of iron deposition in relation to a stage of
voleanic rock deposition is usually difficult to define as irom pre-
cipitation is spread over a broad area of the sea floor overlapping
volcanic and sedimentary rocks representative of a wide range of
time in the volcanic history. The various sedimentary facies of
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chemically precipitated iron-formation ranging from .sulphide,
c¢arbonate, oxide or mixed chemical and clastic faciea are not
always deposited in sequential distribution in relation to volca-
nic centers or with respect to basin configuration and its chore-~
lines. Prediction of facies distribution is a separate problem in
each basin, Deposition of sulphides of iron, copper, zinc, and
associated gold and silver may take place in the volcanic necks and
close to extrusive centers where massive replacement sulphide depo-
sits are developed with some of them in fissures or faults related
to the volcenic feeder zones. Sulphide breccias occur near some
centers of volcanism. Volcanic exhalations that discharge into the
basin contribute to the sedimentary stratiform deposits in the vol-
canic pile. Iron-formation and base metal sulphide facies seem to
be more closely related to the fumarolic stages of acldic voleca-
nism. These are more easily identified than centers discharging
andesitic lava. The development of iron-formations im belts of
andesitic and sedimentary rock suggests that iron rich - base metal
poor chemical sediments may well develop during stages of more ba-
sic volcanism.

Gold deposits associated with volcanogenic mineral deposits
and extrusive rocks are highly varied in their type and genesis.
The empirical association of gold deposits and iron-formation has
been recognized in many parts of the world and for many years. An
adequate genetic explanation of the relationship is still needed.
Gold and silver are present with the sulphide minerals in the stra-
tiform base metal sulphide deposits in very substantial quantities.
Gold ie alsy distributed in some carbonate rich facies of iron-for-
mation and in a variety of iron poor carbonate and chert facies and
various siliceous clastic or carbonaceous facies. It appears in
such cases to be chemically precipitated with the siliceocus sedi-
ment. Gold is also distributed in many of the quartz porphyry intru-
sive rocks or their rhyolitic equivalents in the volcanic pile.
These deposius appear to be developed syngenetically with one part
or another of the volcanogenetic processes. The native gold, gold
in pyrite, arsenopyrite or tellurides in quartz veins related to
later fracturing and structural deformation would appear to be gold
that has been remobiliszed from the syngenetic sources and deposited
in veins under structural control.

Another product of wvolcanogenic processes has been the concen-
tration of mickel and copper sulphides in ultramafic lavas or sha-
llow intrusives in volcanic belts, Ultramafic intrusions are a late
stage in the history of the volcanic belts, &nd with serpentiniza-
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tion and metamorphism become common hosts for asbestos, talc or

pyrophyllite.
The metallogenetic signifcance of the volcanic belts with

their wide variety of genetic models for mineral concentration is
indicated in this discussion of a few major types of mineral depo-
sits. Much more needs to be understood about fundamental factors
which give rise to volcanism and its asscciated volcamogenic pro-
cesses and what factors control the nature and timing of wolcanic
emanations in relation to other volcanic extrusive processes.
Highly instructive guidelines and understanding of these problems
are being provided thrcough the study of recent and contemporary
volecanic activity and mineral concentration processes related to
them.

Metallogenetic evolution in the Canadian Shield has followed
geologieal evolution very closely with each province having distin-
ctive genetic models for the variety of types of mineral deposits
developed in the context of its regional geology. Metallogenetic
studies necessarily have to integrate knowledge of regional geolo-
gical evolution with the complex sequence of events and conditions
that led to mineral concentration, in the metallogenes or mineral
deposits. Exceptional advances have been made in studying the Canma=
dian Shield and in developing an understanding of regional models
that define geological evolution of a district and the specific
events and processes involved in evolution of metallogenes or mine-
ral deposits. Integration of regional data with that of the meta-
llogenes unfortunately has not advanced to a satisfactory standard
required for good appreciation of metallogenetic evolution and to
enable the most useful application of metallogenetic models and
concepts in the discovery, evaluation and development of mineral
resources. Much more specific and comprehensive documentation of
the genetic models of mineral deposits is required for use in con=-
Junction with the geological framework of regional geology. More
detailed and specific descriptive data for mineral deposits and
their genetic models is of more significance now than emphasis on
genetic and conceptual theory. An adequate basis of empirical data
on specific types of mineral deposits or metallogenes can provide
genetic concepts and a realistic appreciation of the mineral depo-
8it model in its proper space and time framework.

Volcanogenetic processes are a predominant feature in the me-
tallogenetic evolution of all Precembrian Shield areas. Although we
may have been slow im recognizing their significance, we have the
benefit of new data from extensive study of contemporary volcanism,
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world wide tectonic activity and the geology of the ocean basins and
ridges to discipline and refine our concepts of metallogenetic
evolution in Precambrian terrains. More extensive and precise use

of metallogenetic concepts is urgently required to provide an ade-
quate scientific basis for prognostication and evaluation of mine- .
ral resocurces throughout the world.
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GEOLOGICAL PROVINCES

Fig.1

—

F i g.2. Histogram of E-Ar and Rb-Sr dates and de-
rived mean E-Ar ages of orogenies of the Canadian
Shield (by C.H.Stockwell)

Rb-Sr ages on sediments, volcanics and oroge-
nic intrusions: 1 - denotes one determination,
whole rock isochron (Rb constant 1.47); E-Ar ages
on orogenic minerals: 2 - denotes one determina-
tion, muscovite; 3 - denotes one determination,
hornblende; 4 - denotes one determinationm, bioti-
te "-
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f.H.Ben1e syes, 'K aanxages (CCCP)
METAJUIOTEHUA YKP/MHCKOTO MATA
i METAMOPQOT'EHHOE PYZIO0BPA30BAHUE

Ya,N.Belevtsev, GI.Kalyaev (USSR)
METALLOGENY OF THE UERAINIAN SHIELD
AND METAMORPHOGENETIC ORE FORMATION

Metamorphogenetic formation of ores is characteristic of Pre-
cambrian metallogeny. The present report covers metallogeny of
the Ukraiuian Shield and metamorphogenetic ore formation.

A. METALLOGENY OF THE UKRAINIAN SHIELD

The Precambrian of the Ukrainian Shield can be devided into
two periods: 1) the protogeosynclinal period (form 3500 to
19004100 million years) which begins with spilite-diabase and
ends with the formation of potassium granite (Kircvograd-Zhi-
tomir and Dnieper-Tokov complexes); 2) the present platform
period.

The following tectonic elements of the primary order can
be distinguished within the Ukraimian Shield: 1) Early Pre—
cambrian regions with distinct geosynclinal conditions (proto-
geosynclinal): Early Precambrian protoplatform blocks.

The tectonic elements of the secondary order are: 1) ge-
osyncline of the Bolshoy Krivoy Rog; 2) the Belotserkov-Odessa
. geosynclinal branch; 3) the Kirovograd block; 4) the Pri-Asov
block, which 1imits the Bolshoy Krivoy Rog geosyncline in the
East; 5) the Volyno-Podolsk minor blocks.

The above listed tectonic structures govera the classi-
fication of main metallogenic units with their typomorphic
metals.

Metallogenic analysis of the Ukrainian Shield is based
on formation ground. Large taxonomical groups make formation
types which in their turn consist of subformations. Sematic
meaning of the formation is genetic, namely tectonic. The
paragenesis of the components of the formation type was taken
into account. Metamorphism as much as possible was eliminated
in the highly metamorphosed complexes. Dy geological formation
of the Early Precambrian of the Ukrainian Shield we mean na-
tural association (paragenesis) of rocks being formed at a
sertain stage of geosynclinal cycle. Formations make regu-
lar series members of which appear in sequence.
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The formations under treatment make two megaseries:

1) metamorphosed and effusive-magmatic formations which con-
gsist of metamorphosed diabase-spelite, quartz-keratophyre,
jaspilite, upper and lower terrigeme, laggon and molassa type
rocks as well as their gneiss; 2) intrusive magmatic and ul-
trametamorphic formations represented by ultrabasite and
granulite facies, gramitoids, small intrusions etc.

The stages of evolution and tectonic setting of intru-
sive-magmatic formations are distinguished within regions of
geosynclinal cycle. Early geosyncline, orogenic, late orogenic
and post-orogenic formations are specified. Platform period of
evolution is divided into mobile and stable stages characteri-
zed by rapakiwi formation with anorthosite subformation, alka-
line granitoid formations and subformations dyke formations
and those of small granitoids and effusive-magmatic formations
of Ovruch series.

METATILOGENIC EPOCHS
The evolution of basement and sedimentary cover falls into Ar-
chean, Archean-Lower Proterozoic, Lower Proterozoic, Middle-
Upper Proterozoic and Riphean-Vend metallogenic epochs.

Areis=a2n Spoech id characterized by wide dis-
tribution of iron ores, and nickel, cobalt, copper, gold mine-
ralization. Formation of iron ore deposits is closely connec-
ted with accumulation of considerable amount of iron in the
sedimentary-volcanogenic rocks (Dnieper, Komsko-Verkhovtsev
and West Pri-Azov series) under conditions of Archean geosyn-
cline. Favourable geological emvironments of iron accumulation
was due to wide development of basic rocks (basalt, diabase,
gabbro). This is confirmed by the wide occurence of ultrsbasic
and basic rocks im the Archean of the Ukrainian Shield (dia=-
base-spilite, ophiolite, ultrabasite). Terrigenous chert for-
mgtions and subformations are closely bound to these rocks. A
regular feature of Archean of the Ukrainian Shield is wide-
spread occurrence of ophiolite rocks. The environment was
favourable form the accumulation of iron, manganese cobalt
chromium and copper which are typicsl basic rocks. Later pro-
cesses of metamorphism and granitization resulted im redistri-
butien and concentration of those element=, The Archean minera-
lization occurs mainly within the boundaries of the Bolshoy Kri-
voy Rog (the Pri-Dnieper metallogenic region).

Archeasan - Lower Proterozoie
e poch is represented by Archean rocks complicated by Lower

. i
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Proterozoic orogeny. The formations of early geosynclinal
stage (But, Ros-Tikich, Orekhovo-Pavlograd series) contain
the following useful minerals: sillimanite, graphite, corun-
dum - in terrigene formation; ferruginous quartzite and

skarn - in ferruginous chert formation; copper-nickel minera-
lization and chromite - ophiolite formation. The rocks of
orogenic stage (charnockite, granite, migmatite, amphibolite
and granulite facies) are characterized by rare metals. The
ore mineralization of this epoch occurs in relict zones wi-
thin the boundaries of old geosynclines - Belotserkov-Odessa
and Orekhovo-Pavlograd, and is typical of the orogenic grani-
toids in the Podolsk and Pri-Azov regions.

Lower Proterozoiec epochs 1is cha-
racterized by the most complete development of differentiated
formations of preliminary orogenic and postorogenic stages
(volcanogenic-terrigene and terrigene formations of Krivoy
Rog, Teterev, Ingul and Ingulets ssries). In Lower Protero-
zoic a great bulk of iron was accumulated in Jjaspilite forma-
tion and numerous deposits of iron rich ores were formed.
Gold, titanium, nickel, cobalt mineralization is common to
this epoch. Graphite talc, magnesite are present. Granite and
migmatite formations of orogenic stage containing rare metal
pegmatites, copper, molybdenum, lead and zinc are also typi-
cal. Postorogenic stage was favourable for rare metal, copper,
nickel, chromium mineralization (small intrusions of ultraba-
sic rocks). Ore mineralization being most common in the cen-
tral part of the Ukrainian Shield (the Krivoy Rog zone and the
Eirovograd block) also occurs all over the area.

Middle-Upper Proterozoic
epoch coincides with the platform stage. Tectonic of the
period is characterized by movement of the blocks which caused
placform activization. Typical of this environment are rapaki-
wi, anorthosite, alkali granitoid formations and subformations.
Metasomatic rocks are of wide occurrence. Gabbro-anorthosite
contains titanium and copper-nickel mineralization. Chamber
pegmatites, fluorite, rare metals, molybdenum, tungsten, lead,
zinc, apatite, disthen and topaz are characteristic of this
epoch. Ore mineralization is most common within the Volyn and
Pri-Azov protoplatform blocks.

Riphean-Vend (Baikal) epoch
corresponds to stabilization of crystalline basement of the
shield. Sedimentary cover was being formed mainly on the
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shield slopss. The most considerahble mineralization is
connected to tectonomagmatic activization in the Volyn and
Valdai time. Copper mineralization is confined to the rocks
of trap type. Polymetallic and fluorite mineralization occurs
in the terrigene subcontinental rocks in the South-Western
part of the Shield (the Podolsk-tectonic zone). Near-shore
terrigene sediments of the Baltic and Valdai series contain
phosphorites.

METALLOGENIC ZONATION

The Ukrainian Shield is a metallogenic province. Metallogenic
zonation is based on the structural control. Metallogenic re-
gions being of isometrical form and metallogenic zones cha-
racterized by linear elongated form in the plan represent
subzones of the first order in the province. Metallogenic
subzones characterized by typomorphic metals represent further
subdivisions. A brief description of the main metallogenic
subdivisions is cited below.

The Volyn metallogeniec region
embraces the Volyn protoplatform block. The region is characte-
rized by rare metal mineralization, ores of non-ferous and
ferous metals as well as by fluorite, disthen, quartzites and
chamber pegmatites.

The Podolsk metallogenic r e-

g ion includes South-Western margins of the Shield, where
charnokite complex is developed.

Superstructural beds contain graphite and sillimanite mi-
neralization. Weathering crust of early-orogenic ultrabasites
is nickeliferous. Sulphide mineralization of the gabbroids of
the Podolsk tectonic zone is represensed by impregnations of
pyrrhotite, pyrite, pentlandite, chalcopyrite with an increa-
sed content of nickel, cobalt, copper, zinc, lead, molybdenum,
silver. Molybdenum mineralization tends to pegmatite and
quartz veins of the Verkhny Bug and other faults. Fluorite,
copper, molybdenum, nickel and tin are of wide occurrence in
the Upper Proterozoic rocks of the Southern part of the region
(the Podolsk zone).

The Eilrovograd anetalle genic
region 1is centered in the Shield. The region is charac-
terized by manifestation of rare metals, titanium, copper,
lead, nickel, molybde:um and iron.
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The Middle and Upper Proterozoic intensively folded and

faulted beds are the most metal-bearing. Ore content of rocks

in this stage is closely connected with the rapakiwi forma-
tion and with development of magmatic (ilmenite, gabbro) and

metasomatic rocks, leucocratic syenite,.grancsyenite.

The Dnieper metallogenie re-
g i on makes the central elevated part of the Bolshoy Kri-
voy Rog and includes the following metallogenic subzones:
Alexandrov (molybdenum, tungsten, nickel), Visokopolsk (alu-
minium, nickel, iron, copper, molybdenum), Sura (nickel,
iron, talc, magnesite), Konsko-Belozersk (irom, nickel, mo-
lybdenum, talc, magnesite), Devladovo (nickeliferous ultra-
basite).

The Pri-Azov metallogeniec re-
g 1on of the marginal South-Bastern part of the Shield is
characterized by wide development of pegmatites, rare metal,
polymetalic and iron mineralization.

Alongside with the above mentioned regions such zones as
Belotserkov - Odessa, Krivoy Rog-Kremenchug and Orekhovo-Pav-
lograd are distinguished.

The Belotserkov-0dessa met a-
llogenic 2z o0one. Numerous miniralizing zones of
sillimanite and graphite occur in the gneiss of the Central
Bug area. Iron quartzites and iron ore manifestation in
skarnoids are also common. The significant minerals are found
in ultrabasites of early orogenic stage. Deposits of silicate
nickel in association with cobalt, lenses of chromite in the
serpentine rocks,

In places the rocks contain mineralization of galenite,
sphalerite, pentlandite, pyrrhotite, chalcopyrite, covellite,
scheelite, molybdenite.

The zones of potassic metasomatism contain corundum.

The KErivoy Rog - Kremenchau g
metallogenic zone isa foredeep trough of
the Bolshoy Krivoy Rog geosyncline. The zone consists of the
inner and outer parts, i.e. the Krivoy Rog - Kremenchug and
o i e et o i e
balt, arsenic, lead, molybdenu b, o Wk M

s m, apatite and amphibole-asbestos.

Low=grade iron ores as well as copper mineralization ang

deposits of graphite mainly occur in the Ingulets metallogenic
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subszone which is characterized by the ore manifestation of
nickel, cobalt, zinc, silver.

The Orekhovo-Pavlograd met a-
llogenic =zone mainly contains iron ore deposits
and ore shows of copper, molybdenum, nickel, cobalt, titanium
and fluorite.

B. METAMORPHOGENETIC ORE FORMATION

Most of ore deposits of the shields and platform basement are
formed due to metamorphism and ultrametamorphism of wvelcano-
genic and sedimentary rocks. By metamorphogenetic ore deposits
are meant primary (sedimentary or volcanogenic) concentration
of metals in the rocks which underwent metamorphism (recrys-
tallization) as well as new concentrations of metals formed
by metamorphic differentiation of rocks under metamorphism or
ultrame ;amorphism.

Duv to our data volcanogenic and sedimentary rocks of the
Precambrian contain from 0,12 to 0,34 % of metals before me-
tamorphism. Primary concentration of metals was caused by
intensive basic volcanism which lasted for a considerable pe-
riod of time. Oxygen-free weathering was also favourable for
concentration of metals in basins of sedimentation.

Under the conditions of increased metamorphism content
of minor elements is gradually decreasing from greenschist
trough epidote-amphibole and amphibolite to granulite facies.
Ceratin metals are concentrated in definite types of facies.
In the zones of ultrametamorphism the loss of metals is still
greater.,

Metamorphogenetic deposits are classified into metamor-
phic (metamorphosed and metamorphic proper) and ultrametamor-
phie.

Metamorphosed deposits were formed under the conditions
of progressive isochemical regional metamorphism in the
sedimentary or volcanogenic primary metelliferous rocks. Ore
formation involves solution and recrystallization of rocks
affected by temperature and pressure with 320 and 002 being
mobile, Mineral paragenesis of the rocks and ores is related
to the same metamorphoc facies.

The metamorphic deposits proper were formed due to allo-
chemical metamorphic differentiation of ore components. They
migrated either within the boundaries cf the facies under me-
tamorphism or over a long distance beyond metamorphosed rocks.
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Besides H,0 and C:C!2 oreforming components were also mobile.

The formation of ultrametamorphic deposits was caunsed
mainly by postgranitized solutions and fluids. Ultrametamor-
phic deposits involve ore-bearing granitoids and various dia-
phtorites - albitite, listvenite, beresite etc.

Due to numerous data the temperature of ore fomation
ranges from 50-100°C to 600-750°C. High-temperature deposits
are those of amphibolitic eand granulitic facies. The metamor-
phic deposits proper and ultrametamorphic deposits were formed
at temperature varying from 80-120°C to 360°C.

During the ore formation the pressure ranging from 600-
800 to 2500 bars remained rather high to compare with other
endogenous deposits.

The greatest depths (15-18 km) of ore formation are cha-
racteristic of the metemorphosed deposits of granulite facies.
The metamorphic deposits proper and postgranitized deposits
were formed at depths of 3-6 km.

Ore components derived from the rocks of Earth's crust.
There being no geological evidence in favour of subcrustal
solution role in granitization and metemorphism, the contri-
bution of- the subcrustal sources to the process of metamorpho-
genetic ore formation may be assumptive,

Most of metamorphic deposits occur in amphibolitic and green-
schist facies. The granulitic facies contain a relative small
part of ore deposits, Ultrametamorphic deposits are formed
in tectonometasomatic zones with rocks of different composi-
tion and grade of metamorphism being in contact.

lsy ®wEME MeTaIIOreHMM ZOKeMGDMA BCTPEYAET HEMane TpYyJHOCTH, BHTE-
Kapmue M3 0COCGEHHOCTOM reol0orMYecKoro DPasBATHs M DyZA0006pas 0BaHMA
JOKeMGDUA,. OTH TPYAHOCTA OYEBAJHH [PW CPABHEHMM MOTAJJIOTEHMM A0-
KemGpuA ¥ aHeposof, MeTozd MeTAJJOI'SHHYECKUX MCCleZoBaHuil noclleg-
Hero B LEJOM paspaG0TaHEH X CIORMIAMCH CPaBHATEABHO ZABHO, TOTZA
K8K 778 JOKOMODMA OHM HaxXoZATCA B CTAjUM CTAHOBIGHAR.

K oco0eHHOCTAM I60AOr¥YeCKOT0 DaB8BUTUA ZOKeMODHA B NEPBYD
ouepezs OTHOCHTCA: ero OolbU&d AAMTENBHOCTEH, NpeBwMuapmas B 6-7
pas pmuTensHOCTE: QaHep030s; WHPOKD NPOABIGHHHe BYJIKAHOIEHHHE Npo-
Leccu, 0COGBHHD B 8px6e; HOOOHYaAHO MHTOHCHBHO NPOABJEHHHE METE-
MODDM3M M yubTpaMeTaMop(UaM, OXBATUBNME 0DCAZ0YHHE A BYIKAHOIGH-
HHE MopozH, 8aMacKUpoBaBOME N6pBAYHHE SKBMBAZGHTH METEMopduyec-
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EHX N0poZ M MX BOBPACTHHO COOTHOMOHMA; BHJAOEAACA POJE MeTaMop-
foreHHOrD pyZA006paS0BAHMA,

A. METAIJIOTEHHA YKPAMHCKOTO MUTA
Beo oxKeMmOpUiiCKyD | CTOpMD YKDAMHCKOI'0 WMMTA MOEHOD DaBsze4TH HA
ZiB8 KpPyOHHX mepaozt: I) OPpoTOre0CHERJAMHANBHHY, 0TEQUADMAN BpeMe HH
or 3500 zo IS00 + IOO MmiH, Jner, oxmaTuBawmdil dopMamHOEHHE DAZH,
HA WM HADOAECH CHMAMTG-7UA0230B01 GopManuedi ¥ 3aKAHUMBADMEECH CymecT-
BOHHO KAGIAMEBHMM TI'paHUTAMM (KAPOBOTPAACKO-EMTOMUDCKME M AHEUDPOBCKO-
TOKOBCKUM KoOMRNA6KCH); 2) nasThopMeHHHR, npozoixapmuiicA MOHHHS .

B YHpaMHCKOM WWTE MOTYyT CHTh BHZOJNGHH ZB6 T'pyNOH I'6 TOKTOHE-
YoCKMX DIGMOHTOB MM@DBOI0 MOPAZK&: paHHejOKeMOpMiicKMe o0macTH C 0T-
YeTJMBO BHPAES HHHM Te0CHHKWAHAILEHM DoxuMoM ( NpPOTOI® DCHHKIWHA I~
HHM) ¥ paHHeZ0KeMOpUHCKME NpoTONJETPOPMEHHEHEe GI0KH, COOTBETCTBEHHO
BHAGAADTC: ¢ I) IeOCUHKIMHANBHAS cucTema Bousworo Kpusere Poras
2) Bexmone,KoBcKo-0Z8CCKan Ie0CMHKIMHANbHEA BSTBb; 3) Kupemorpaz-
CKUil OIOK, BAKINUGHHHN Mex7y yKASAHHHMN NOABAKHHMA B0HAMU; 4)
[lpuasoBCKMl GI0K, OTpaHMWMBaDmMii ¢ BOCTOKA I'e0CHHKIKHEND BOJBIMOTO
HKpusoro Pora; 5) BomuHo-IloZonsCKMiAl GaoK (OoCIeZHKE MOEeT OHTEH pas—
ZeJ6H Ha GIOKM NMOCHOJyPNEro paHra - BoiuHCEMH M [ogonsckuil). llepe-
QACNeHHHE CTPYKTYpPHHE SJAEMEHTH IMTE ONPOZENANT 6r0 IJABHHE MEeTal-
J0TEeHNYECKNE 06MaCTH C X8PAKTODHHMM ZIA HAX TUNOMOPQHHMA METal-

A MA.

BH7eneHH KpynHHe QopMELMOHHNE eJMHANH, KOTOPHE IN07pasfeleHH
18 nozdopuannd, CumHCI0BOE 3HA YeHMe QopMmaiyy NPUHATO IeHETM W CKoe,
.. WMGHHO TEKTOHMYeCK0€, NDUW STOM CTPOTD yWTHBAJZCA M [8pareHeSHC
KOMOOHEeHT0E, yUYaCTBYDWMX B ToM UIM WHoM QopMamMoHHOM THMe. B ray-
G0K0 MeTaMopdusoBAHHNX (opManMAX 00 BOBMOKHOCTH BHNOJHGHA DIMMH-
Hayua MeTaMopfusma, CoOTBETCTBEHHO 0] Ie0A0rMYecKoil GopManuei
pAHHeTO Z0KeMOpUA YKPaMHCKOTD mWTa [10HAMAETCH 6CTeCTBEHHDE CO00G-
WeCTBD WIW NapareHesuC NopPoZ, BOBHUKADMMX B oNpejeleHHO#d 30HEe
re0CAHKINHAAM, HAa QNpejelieHHOM 2Tane 6e pasBUTHA. opuauuM o6pasy-
DT 38KOHOMEDHHE prAAH, WIEHH KOTODHX BOBHAKAWT B 3aK0HOMEPHO#A no-
clezosaTensHocTH. Cpezu TeocHHKJIMHA IBHHX gopManult BHpeleHH: MerTa-
MophU30BaAHHHE ZMAa0a30-CINIUTOBE A, KBApH-KepaTojupoBas, FEECHHIA-
T0BaA, HUEHAS M BEDXHAf TepPpUTeHHHE, JATYHHas ¥ MpJaccoBafg, 4
TaK®e WX I'HeicHOMUMpoBaHHNE aHalorid. K QopMayuAM BTOPOTD PAA8 0OT=
HOCATCsA; yABTPabasuT0Bas, QopManuy pasJMyHHX TPAHUTOU7OB U Gopma-
UMM MUTMBTWTOB aMpuGosWToBO#f M TpaHyuToBoit darnnit, MEJHX METDY-
suit @ zap.
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B npeaenax o6aacTell ¢ redCHHKIMHAJABHHM DOXMMOM BHJ8A6Hd 3Tall
pasBuTUA,., OnpezeleHo TEKTOhMYECKOe MOJOKEHME MHTDY IMEHO- MArMaTH-
yeCKMX GopMauuii. BHZBNEHH D3 HHOTOOCMHKIMHANELHNE, O0DPOTOHHHE, M0B7—
HEOPOTEHHHE M NoCToporeHHWe gopmaiiu,. [laaTdopmeHHnil nepuog pac-
YTeHEH Ha ZBa 2Tana - MOZBMEHOM M yCTOA WBOK NAGTHorMd. [aa 3Ty
JTaN0E XapPaKTepHH (QopManuy: DanakuBy, TDEHMTOM7HNE NelouHse (Qop-
Manuu ¥ nozdopumanMu, QopNanuM MaNHKL MHTPY 34l Ir5iMTOMA0B, JATO-
JordyecKde M oddysHBHO-MATMATHYECKME (opMarnM¥ 0BpYYCKoll cepuu.

Ha aToM OCHOBEHMM NPOB6JIEH MATAJIOI6HMUBCKAR aHannma, B88KJINE LIUA=
CA B BHZBNEHMM METAJJOIEHMYSCKHX 2M0X M METaNA0TeHUYECKOM paAoHU-
DOEaHUMA.

MeTaaxnroreHWYeCKHMe 3200XH, BucTopru pas-
BUTHA (yHZAMEHTa W MOKPUBHOIOD 46XJa BHAGJIOICA apXeucras, HUEHE=—
npoTe posolickas, cpejHe-BepxHenpoTeposoifckds n pufeii-Benackan
METaINOTEHM YECKNE BII0XH.

ApxeilcKasag 2003Xa XapaKTeyrsyoTCh HaIUUAGM BEJEB-
HHX PYyZ 4 PyZAOODOABIGHAAMM HUKEJd, Ko6ado.Ta, Mezl. KeJeso0pyzHHe
MECTOPOKAGHMA CBARIHN € HAKONJEHMEGM 3HAYMTEJLHHX MaCcC Kelesa B
0CazoyHo-BYJIKGHOTEEHHX 00pas0BadUAX apXeUCcKoll TeoCHHEKIMHAIM, Ye-
My GAATr0ipUATCTBCBSJO0 JOMMHMPYOWEe B apXCe [&83BUTME 0CHOBHHX
nopes (GasansToB, AECa30B, rad6po), CBOHCTBEHHHX DAHHMM CTAZMAM
Qopuupopa HUA seMHoll Kopu. 3T0 NOATHEDKZAGTCA PACHpPICTpA He HieM
B apxee YKDaMHCKOIO WMTa T@0J0TMYecKax Gopmamuil, oTI4uanuMXCA
NpeMMyLeCTBEHHD OCHOBHHEM M yJBTPA DCHOBHHM COCTaBOM, - Auadaso-
CnuIuToBOf, ofMoAMTUBOR M runepGasuToBOM C NOZYWHOHHHM KOJAAYSCT-
BOM OCQNOYHHX N0P0A. C HMMA TECHD CRABAHH HEJE6BMC TO-KPEMHUC THE
Gopuauuy M mozdopmaiyMd. 3To oOyCAOBMID HAKOD.LJIEHME XEPAKTEPHHX
AJdf OCHUBHHX N0P0j4 KOMIOHeHTOE ! Fe, Mg, Mn, Co, Cr, Cu . Ha noc-
JElyDMUX BTANEX PAasSBMINA 36MHOM KOPH B pesyAbTaTe [POLECCOB METa=-
MopfMaMa M TPaHWTLBE;MM NPOULXOZUAM Mepepacnpl/ieleHne M KOHLEHT-
payda 3TUX BJAEMEHTOB. ApxeliCK06 0pyjieHe HME PacmpoCTpEHEeHD B
DCHDOBHOM B npegenax Bodruoro Kpusoru Pora ([lpuzHemprBCKas MeTanilo-
TeHMYSCKaA 00Ja8CTh).

9Ta X6 9l0Xa COCTBETCTBYET &apxeiicKkuM o(GpasopaHMpM, MHTEHCHB-
HD OmepepatoTaHHHM HMKHENPOTEPU30MCKHM rporeHesoM. C GopMand MK
pPaHHE T8 OCHHKJMEANBHOr0 3Tana (Oyrckad, pPOCHMHCKO-TUKWYCKET,
0PEX0B0-NABAOTPAZLCKAA CepuM) CBABAHH M0.63LHE WuKOIAEMHO: C
TeppUTEHHOU - rpaduT, KOPYyHZ, CHUIANMMAHAT; C XEJEBUCTO-KDEMHMAC-
TOM - KeJNeSMCTUs KBADLMTH M CLBpHH; C odM0.IUTO30d — XDOMMTH, MEA-
HO-HWKEJI6B06 ODYJEHEHAS; C 00pa30BaHUAMA 0POTeHHOTO sTama (d&p-
HOKUTH, TPEHUTH, MATMATATH aMJUO0AUTOBOM M rpaHyauToBOl Panuit) -
DeZKMe MeTaNkH,
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Opy AeHeHud DTOH DNOXM PACNONOEEHH B NPEAeNiaX PEJMKT 0BHX y W CT-
KOB [PEBHUX TeOoCHHKIWHANBHHX 30H — BemoyepkoecKo-(Qaeccxoit, Opexo-
Bo-ilaBiorpajcKoit ¥ SHA WITEABHHX NJONAZE# pABBEMTAA OPOIE HHHX
TpaHuTo4z0B — [logoiasckofl ¥ [lpuasoscKoii oGracreil.

HuegHenpoTeposo#cKaad smI0Xa 0TIME@EeET-
cAd HauGoJee MOJHHM Da3BMTIEM. 376ChH BHJENANTCA ZAU(HepeH|upP0Ba HHEE "
00pa3oBaiis HAYAJBHOTO, OPOTEHHOTO W N0BAHE0POTEHHOIO 3TANOB
(ByIKEHOTEHHOD-TEPPUTOHHHEO, TEPPUTEHHHE ¥ X6MOTGHHHE (QopManuy Kpu-
BOPOKCKOM, TETEPEBCKOM, MHTyabcKolfi M MHTyZeuKoi cepuit)., HuxHempo-
TepoBolficKasg anoXa 0TAMYEETCH NPEXAE BCEI'D HAKOMAEHMUEM OIDOMHHX '
MacC Kele3a B JEecuMauToRol fopmManMM, a TAKKE 00pas0BaHMEM MHOI'0-
UIC I HHEX MECT 0DOMZeHMY GoreTHX XEZeB8HHX pyA. XapaKTepHH ZJA Hee
TaKKE pPyAUNPUABJSHUA TUTEHE, HUKeJH, K0GaJieTa, rpagura, TalbKo-—
MarHesnTos. OUEHP WMPOKO NpPOABJEHH IPAHMTOBHE M MMTMATUTOEHE
{iopMaLMM opOTEHHGI'0 2Tana, C KOTOPHUM CBASAHH pEZKOMETalLEBHHE N6I-
MATATH, DyZAONPOABIEHAA MZM, MOIMOZeHE , CBMHLA, LUHKE. Pyzonpo-
ABNEAUA BT0H BM0XM paclpocTpaHeHH B Npejejax Bcern muTa, U Go-
Jiee BCEro — 3 eTro LueHTpanpHo#t wactu (KpuBopoxckas soHa, Kuposo-
TpazIcKuil GIOK).

CpeagHe-sBepxXHenpoTeposocKad 3aOmDoxa
0TEEy@eT NJAaTHOpPMEHHOMYy 3Tany, YTO OMPEZENsAeT €6 BakHeimue oco-
GEHHOCTM, Bepymuh TUNoM TOKTOHMUYGCKAX ABMEEHMIA B 3TOT mepuop
ABIAANECA TJHO0BO~GA0KOBHE, BH3BABUME MPOLECCH SKTUBM3ANUM [I4T—
(opMeHHHX CoopyxeHnil, BoaHukanT cneunduueckue gopmamuu ¥ mozdop-
MaIMM: pamakuBu, AHOPTOSMTOBAH, CPAHMTOMAHARA UEJI0YHAA., YpesBLH-—
YA{HO WMPOKO DAsBMTH METAaCOMATNYBCKAE 00pas0BaHiii. XapaKTepHH
THTAHOBOE M MEJZJHO-HMKEJNeBOE 0pYy/6HEHAR B raG6po-aK0pToBATAX,
KaMepHHEe NerMaTHTH, (QIOWDPAT, 8 TaKKe MoJuGZAEH, BOJABHpaM, CBUHEL,
LMHK ¥ anaTaT, AucTeH, Toi@3, PyAHEe 06pasoBaHug aTOd 9M0XM HAM-
Golee pacnmpocTpaHeHH B NpeAenaX BOMWHCKOTD # [1pMaBUBCKOTO NMpoTo-
naard opMeHHHX GJI0KO0B.

Puge#i~-s e HpCKaAaa S0O00Xa COOTBETCTBYET NEpUOLY
CTaguaMsanul KpUCTalNMYECKOre OCHOBAHMA WUTa M GopuupoBAHUA oCa-
ADWHOT0 Y8XJa, NPEeRZEe BCET0 Ha €ro CxAoHax, HawGolee SHAWTEIBHOE
0pyZieHeHUE CBASEHOD C DTANOM TEKTDHU-MaTMATHYECKON aKTWBM3AIMM.

C nopojaMy TpanmnoBod QopmainMM CBAS38AHO MEIHOE 0pyJAeHEeHME. B wro-
sanazHolt yacT¥ mMTA B TEPPUTEHHHX CYOKOHTHHEHTAILHHX 006pas30Ba-
HUAX p8BBUTO DPyAEHEHMe NOAMMETENN0B U QuIoopUTd.

MerTaannoreHuvecKoe palloHUDOBAHUE,
B ocHOBY paiiOHMDDBAHMA MOOJOXEH CTPYKTyPHWA NPUHLUN. lleTanore-
HAYECKME 0ONACTH DTBEWANT PEO0GJ0OKEM MEPBOTO DAHra, OTJdYanIMMCH
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W THNOMEPPHEMA MeTajramd. BHYTPM MET&NJ0IeHMUY6CKMX o6aacTell BH~
Z6JeHH METAJUIOI'eHMUECKM® B0HH M NOZBOHH,.

BoawHCKA@aA MeTanaoreHMUYecEKasdn o0
1acT5h 0XBaTHRAeT BoAHHCKMU npoTonsa rdopMmeHHuit GaoK. Jlas
9T0M 0GJ4CTM XapPaKTEPHH PEAKOMETS8NLHAA MUHGpaIMsauMs, DyJH LBeT-
HEX (Sn, W, Mo, Zn, Ph, Ni, Co) 4 yepHux (T1 M FPe ) Me-
TalN0B, @ TAKKE (QADOPAT, JMUCTEHOBHE KBAPIUTH M KaM@PHHE N6TME THTH,

HozoxsrcKasag MeTaXIXoreHHMgecKas o0-
1acT35h 0XBAaTHREOT EpPAWEND Oro-saNafiHymo YacTh mMUTa, 0THOHYEK-
myom 064aCTM pasBUTHA YAPHOKMTOBOTD KOMOZEKCE.

C cynepkpycTAXBHHMA TOJUEMM 006JACTH CBABEHH 0TZ6JNBHHE DyZ0—
nposBAe BUA rpaduTe M CHIIMMAHATA CpeAM THeitcoB. M3B6CTHN DaHHe-
DpOTEHHHE Teda yAbTPaGasuTOBR ¢ HUKeNGHOCHOM Kopoll BHBETDHBAHMA.
B rac6pospax [lozodsCKo# TeKTOHMYGCKoM 30HH BHABIGHA CyABMAHER
MUHepaMBsauMsA, NpeAcTaBAeHHAA BKPAaOAeHHOCTHO NMPPOTHHA, mApATa,
NeHTIAHAMTE ¥ X8JABKONMPUTE C MOBHNEHHHM COZEPXAHUOM HEK6IH, Ko—
GanpTa, MezM, LMHKE, CBUHUE, MOINUGZeHAE, cepedpa. K mersaTUTOBHM
¥ KBADLUEBHM XUIAM BepXHeGYrCROr'0 M APy IMX DABJIOMOB 00A8CTH MpU-
ypoueBa MOIMGZEHOBAs MMHE paiMsalds. B pxHoi wacTd odnacTd (Ho-
ZI0IBCKAA BOHE) WMPOKe pacnpocTpaHeHH [oszHempore posciicKhe olpa-
30BaHMg QUOOPATA, & TaKke MezW, MONMGZeHAa, HUKeHIA, 0J0B4,

BPenonepKoBCHKo-0OZecCKaaq MeTadaAd:o0-
reHiumuyecrKkas 3 0HAa., K reeilcam B npezenax Cpezeero
[loGyXbs nNpuypoyYeHH MHOI'OYACJAEHHHE DYZONPOABIGHWA CUAAMMEHWTE,
rpafuTa, pyAONPOABIGHMA Xejesa B CKapHOMZAX 4 ®eJe8UCTHO KBap-
OATH, BaxHelunii KOMIJNEKC MoJie8HHX MCKOMAEMHX CBAB&H C yipTpa-
GasuTaMu, NpeCTaBAANNMMM co6off paHHS opOreHHHe 00pasoBaBdsg. B
npezenax [[o6yxbA MB3BECTHH MECTODOXZOHWA CHIMKATHOIO HHKEIR B
accoguaudM ¢ Ko0alpToM, YyCTAHOBAEHH JMHBH M BKPaOAeHHOCTH XPOMM-~
T8 B CEPHEHTMHMTAX.

Ha 0TZ6MBHHX y YaCTKAX yCTAHOBIGHA MUHEpaiMsanus, NpejcTaBieH-
Hafg raleHMToM, canepuToM, NEHTAAHZMTOM, NADPOTHHOM, XalIBKOIM-
DUTOM, KOBOJUIMHOM, MO6JMTOM, MOJAMGZEHMTOM.

B Bo0HAX K&JiMeBOr0 METACOMAT0BA BHABISH KODYHZA.

KupoBorpajagceKas MeETAEIIXIOIre HHU Ye C-
Kasdg 06aA8CT D 3aHIMAET LEHTDAUEHOE NOJAOESHUE B mpese-
nax mura. B nesoM 00I8CTH XapAKTOpPMBYOTCHA HAJNMIMEM NPosBIeHAH
TUTAHA, MEJM, CBUHNA, HUKeNA, MOIMGZEHA, Xelesd.

HauGolee NMpoAyKTMBHHM ABIABTCH CPeAHE-NOSAHeNPOTeposoHCKAM
3Tan opmupoBaHMA 9Toit 0GrACTHM, XAPAKTepPUSyDUMHCH WHTEHCHBHOH
TEKTOHUYECKO! ZeATENBHOCTHEN., PyAOHOCHOCTE 2TOrD 2TAN8 CBH3aHA CO
CraHOBJASHMEM NOP0Z QopMandM panaKkUBM U OMNpezelins TCA N0ABJSHUOM
MarMaTHUeCKux (MIBMEHMTOBOE radGpo) M DASIMYHHX M6 TACOMATHYSC -
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KUX 00pasoBaHuil, NelKoKpaToOBHX CMEHMTOB, IpaHOCHMEHMTOd, METa-
COMETHTOB.

KprBopoxcKo-KpeumMeHYyrcKasa MerTa I-
lTo0reHMUYEeCKAasd 80HA OpeacrasigeT codod Kpaesoit
nporué B reoCUHKIMHANBHOH! cucreme Boxswore Kpusoro Pora. Bu-
AeNANTCA KpuBopoXCKo-KpeueHQyICKas MOZB0HA, COOIBETCTB, DEAA
BHyTpeHHeR 3oHe npork6a, W lEryJienkana mo/soHa - BHONHAR 4acTh
nporuca.

B KpnBopoxckoft 30He HAXONATCA MECTODORIEHEA XeJesa, KOTODHE
oOpasypT KpEsopoxckuit menezopynmauft daccefts, XapaxTepHH Tarkke Dyno-
OPOABJNIEHUA MeIH, HAKeJd, KoOalbTa, MHNBARA, CBHHIE, MOJHCIEHA,
amataTa ® ampudon-acdecra. B MAryrenkoft merasnore mEgeckoff momsoue
PacIpocTpaHeHH MpeHMymMecTBeHHO OelHHe XeJle3HHe DyIH,. SHAYRTeNBMH]
HHTeDeC MPelCTABJIAET MENHOe OpPyNeHeHHe, yCTAHORNEHH NPOABIEHAA
HEReJd, KofarbTa, U#EHKA, cepedpa. VMenTCHE MecTOpOXNeHES TpafuTa.

JEHenpoBsc KA MOETAAAXOroOeHHATOCEKS |
p6IacT3H OpefcTasndeT Co60il NPUIOOAHATYD LOHTPAJALHYD
yacTs Boasworo Krusoro Pora., OHa pasjelieHa Ha DAJ METaJI0IS Hit=
YeCKUX NMO730H: AJEKCAHZDOBCKy®W (MOIMOGALH, BOAb(ppaM, Meas, Hu-
K6lb), BHCOKONOABCKYD (anmMmHuit), BepxoBieso-YepTOMIHKCKYD
(anoMMEMA, HAKEIDb, X6I680, M6AB, MOIMGZASH), CypcKyn (HUKeX s,
xeles0, TAJAbKO-METHE3MTH), KoHKCKo-Benosepckyn (xXenese, Hé-
Kelb, MONMGZEH. TaIBK0-MAIHESMTH) 4 JleBIaZ0BCKYD (HMKENOHOCHHE
yABTPaGaBUTH) .

Opexosdo-Ilasazorpajgcrad MeETAaIXIXOD~-
re HM ye cKa&sa B80HAa., B Hell npeobrajapT ®elesopya-

HHO MECTODORAE dMf. BGTpe W6HH NPOFBIGHAS MOAM, MOIMGAGHA, HU-
Kelnd, KodanpTa, TMTaHa M Qamopura.

NpuasoBCKAafg MOTAaIAZOre HUTECKESN
06 XacT3H NOpUypoyeHa K [IpuasoBCKeMy CUOKY, pacnolozeH-

HoMy B paesofl Wro-BNCTOYHOM YaCTH muTa. XapaKTepMsyeTCs WMpo-
KAM DaBBUTAEGM METMATHTOB, DOZKOMETAJBHOM, N0IMMETALIMYECKOH

( Cu, Fb, Zn ) ¥ GmoopuTOBOM MUHepaIMBALMM, & TAEXE HaAR-
upeM X6J83HOI'0 OPYIeHEHHA.

B. METAMOPGOTEHHOE PYZOOEPA30BAHUE
TzaBHoll npuuwiHofl 06pAB0BaHHA N0ZABAAKMETD OOIBUKXHCTBEE MECTODOE76—
EMi HE WMTAX M KPUCTENIMYECKUX DCHOBAHLAX ZPEBHAX NNET(HOPM GHIM
[poneccH ZWHAMOTEPMANEBHOTD MeTaMophuaMa M yasTpaMeTaMopdusua,
0XBATKBUME BYyJKAHOTGRHHE M COZMMEHTOreHHHS OOPOAH CHaIMYECKOTD
CI0A 36MHOR KOpH.
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JiokeMgpulickoe MeTaMopforeHHEOe Dyz006pa30BaHME CHIAZHBANOCH B
JCIOBAAX CEMOT0 PAaHHETD M ZNATENBHOIO MEPHUOZA TI'e0N0TMYECKON Ku3-
HA SeMlIM, XapaKTe pU30BABLEreoCHd MAXOMOMHON M MoOMAbHOU s6MHOM Ko-
poif, CBDEOGDA3HHM COCTaBOM aTMOCHEDH M THApocOepH, GOy DHHM BYJIKa-
HUBMOM, crnegu@uuecKolf cepuMeHTamMedl ¥ MHTEHC MBHHM METaMODHHEMOM.
9ToT .epUoj EM3HA 36MIH OHI HACHNMEH MHOTAMM COOHTHAMM, KoTOpHe He
NOBTOPAANCE B NMoCAeywmes BpeMa. [IpanzuosHas ByJKaHMYECKAan 7ef-
TEJHHOCTH COCTABAANA OZHY W3 TIaBHEeNNAX 0COGEHHOCTEM I'C 0IDTHYBC-
KOTO pasBaTHs B apxee. MeraMopQu30BaHEHE dyJ¢a8HOrEéHHHE NODOZH
OCHOBHOTD ¥ yJALTPDAOCHOBHOTD COCTaBa 8DXeH XA p8KTEPH3YNTICH BHCOKUM
cogepgasueM Fe, Mn, Co, Ni M Cu ., B HacTpAmS® BPOMS ZOKE3aHD,
Y0 Eeieso NOCTYNEN0 B S0Hy CeJUMeHTanu¥ HENocpejACTBEHHOD U3 oC—
HOBHHX MarM OpW [OABOJAHOM M3JIMAHMM. ITo O MBEN0 K 00pa30BAHUD
SHAUMTONBHOM UYaCTH ®eJESUCTHX I'op0Z M XEIE3HHX DyZ apxelfcKumx
BGJAEBUCTO-KPEMHUCINX Qopmanuil. HezoccTaToR KHACAopeza B aTMocdepe
u ruzpocfepe 3 TEeUEHME A PXER CNDCOOCTBOBAN DaspyuLEHHD Xeje auc-
THX CHIMKaTOB BYJKGHATOBR ¥ HAKONAEHUD COJBLMX KLI4YECIB X6JE34,
KpeMHesema, MapraHna, ypasa M ApyTAX MeTalJ0B B BOZHHX GacceifHaX.

B HHXHeM NPOTEpO030€ MPOK3O0WMJA O0THOCMTENBHD DPEBKAA CMEHA yCIO-
Bufi reoeTMUBCKOrD Da3BHTH§, BHDA3UBHAACH, BO~OEDBHX, B CHAEE—
HUM MHTEHCUBHOCTH ByJIK8HM3M4, Das3BEMTHM NPOLECCOB CeJUMeHTaLyH,
YTQ NpMBEJ0 K 06pasS0BaHAN MOMHMX TOJN KA3CTOTEHHHX, XEMOTEHHHX
1 OUoreHHHX QopManuil ¢ mojWIHEHHHM KOIWYeCTBLM ByJIKaHUTOB, Bo-
BTOPHX, [OABIeHME B GONBWOM K0AMYECTBE CBOGDAHOTD KUCIODPDZA B

aTuochepe ¥ TuUpocHepe NpUBeN0 K MACCOBOMYy BHOSZEHHD B BOZHHX
GaccefHaX OKHCJOB YeXe3a, MADTAHAlA, KDEMHER E JDYTEX 3JIEMEHTO3 -

~ NPONYKTOB HOJTOBDEMSHHOTO DaSPYmeHEA BYJEAHOTEHHHX NODOX apxes ¥

npoTepo30d, K sTOMy mepEOXLy OTHOCHTCA ofpasosanme Gosbme? SacTH
IxecmwiATOBOR fopManu, saxmuanmefl B cede oxono 80% XeNeSHHX DYX
SeMHOTO mAapa, MApraHla, alMUHAA, CBHHNA, IMAKAa, OHDKOHEA, 30J0-

. Ta ¥ MHOTEX HEDyTEX MEeT2JUIOB, ONpeleJEBINEX MeTaJLIOTeHHD IpoTeposof-

CREX oGpasoBaHHil,

DepsryBEODEe HAaKONDIAIeHMUe Me TalIADB
B ODopoZzax ZoKeMOpHSA 00a3aH0:

8) BynxanmdecKoil Jg ATENHHOCTH, NPeZCTABIGHHOH OCH OBHHMM Mar-
MaMM, BCIGZCTEME Y60 00pasoBajuCh MOMHNE TOJ™M OCHOBHHX [0POZ
CIMANTO-KepaTo@uposol ¥ opMoauToBOH JopManKid, By IKAHHYECKWE NO-
POZH OCHOBHOI'O M yJABTPaOCHOBHOIC PAZa B JKPAaWHCKOM MMTE COJGDEAT
8HA W TeNBHHE KOMMYSCTBE CUZGDOQUIBHNX M XaABKOQMIBHHX MET&JN0B
(radm I)j

6) paspymenro NopOA M CEAUMEHTANUE, 9T0 NPABEA0 XK 06pas0BaHAD
0CaZ0YHHX KIACTOTEHHHX ¥ X6MOTEHHHX NopoZ,CONEDEAlNX SHAYATENBHHE
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Tadaununga I
Cpexnue COABPEAHMSA METAIJNO0B B TIaBHE AWMX
nopojax YKpauMHCKOTD WHETE

; Copspranve, %
[lopozu
Cuzepodnae—| Xaasrodguas~ | Juroguas- | CymMa
HHe:Ti, Cr,| HHe: Pb, Cu,| Hue: Zr,
Co, Ni, V | Sn, Zn, Ag | Ba, Mo, Mn
By AKaHUYECKHE 0,226 0,019 0,095 0,340
OCHOBEHE M
yABTPAOCHOBHKE
TeppureHHHe 0,122 0,0I3 0,206 0,341
XeMoTeHHHS 0,0280 0,0043 0,0902 0,1225
KOJMI8CTBA pasaiyHHX MeTa;anoB (Tabl. I). B 0AHOM KyGMUeCHoM

KWJIOMETDE DCAZOYHHX NNPOZ B 5TOM CIyude Hax0zuI0Ch OKoJXo 5-8
MIH, T METANI0B.

Bonsupe 00BEMb 0CAZ0UHHX 4 BYJKAHOTE@HHHX IOPOZK, & TAKKe
3HaUUTENBHHE COZEGPEAHMA B HUX MUKPODPYAHHX Qanuii moxasuBapT, 4T0
paccenHHHe METaJJH B NO0POAAX ABJAIMCH HEMCYepPHNaeMHM WS TOUHMKOM
LJA 06pas3oBauus py AHHX MECTOpPORje HAit,

JaneHeiiwee TEOJNOTHYECKODE PAas3BUTHE B Z0KEMODUM CONDOBOXJENOCH
METAMODOMBMOM M yiUbBTpaMeTEMOpP)M3MOM, OKA3aBHUMM TIyGOKDE BOS-
AEiCTBMO HA 0CSZ0YHHE M BYJKAHOreHHHE 06pasoBaHus. [lpoTeposoit
OUTOB W KPMCTENAMYOCKHE OCHOBEHMA JPEBHMX NJBTG0opPM GoJee WM Ha
80% OwaM CHOXGHH CEJYMEHTOTEHHHMM MOPOZ8MU, KOTODHE MPH METAMOD-
(ugue NpeBpa TMIUCH B MeTaMOPJMUBCKME CIaHUH, THEWCH, MATMATHTH M
T DaHMTH.

Ha YKpaMHCKOM WMTe THeMCH K KDWCTaNIMyeCKUe CJIAHLH B84HUME=-

DT B HGCTOAWGE BPeMA oKoxo I2-I5% TeppuUTODHM, MATMATATH , AHATEK—
TUTH @ [ONAIE HHHE TPAHUTH - 77%, GoJee MONOEMHM U3 HMX 06pasoBa-—
N0Ch MB COZMMOHTOIeHHHX NMOPOJ, 0CTANHHNE — M3 BYAKAHATOB,.

DepevMemeHHe MeTaAIOEBE B ODO0pOJFaAKXK,
BHBBAHHOE METaMOpPMBMOM M yAbrTpaMeTaMopM3MOM, 0XBATHBLHMA 36—
MHYyD KODy IOYTHM HA BCH €6 TiyGuHYy, N0 CHOMM MacuTasaM He Cpan-—
HAMO® HM C KaKAMM ZDYTUME TE0JNOTMYSCKUMM NPOLOCCAMYM KOHLIEHTDE LMK
PYZOTEGHHHX SNEMeHTOB, NOPMBEJO K 06pa30BAHUD MHOTIOYACIHGHHHX pPyI-
HHX MOCTODORZEHMil,

B odaxacrTuw p«4HAaMOTEepPpMAaAaIBRHOTrOpPSETIH-
0OH8 I HOIrO MeTaMopDOh 43 Ma, KEK 3T0 NOKA3AIM
 NOZCYETH KOJMUWCTBA MAJNHX DJIEMEHTOB B NOPOZEX DABIMYHHX MeTa-
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wopdu wckux Gaumil, packpuTa TEHAGHUMA yMEHLWOHAA COJEUXAHMA Me-
TENN0P N0 Mepe HapacTaHuA MeTaMopfnaMa.

[lo JaKTHYRCKUM Z@HHNEM, B MNOPOAAX PA3ANYHHX MeTaMopyuUeCKUX
fanuil HaGapzaeTcs NOCTEBNEHHOE CHMEKEHU® CYMMH M&JHX MeTallIoB 0T
seJeHoCAaHUeBOR anguu wepes snUZO0T-aMiUGOIMTOBYD, AMPUOOIMTOBYK
A0 rpanynMToBoii. Takue pacnpocTpaHeHHHWe MeTaNJH, KAk Cr, Mn, Cu,
Zn, Co, Ni, Pb, XapakTepusyDTCA CpeJiHUM COJe pxaHueM B nopo-
78X 36JeHOCASHNEBO# Qauuu YKpauHCKoro mdTa okodo 0,I6%, Torza
KaK B rpanyauTosoll gapuu oHo cmuxaercs Ao 0,09%, T.6. MOYTM HE
50%. O6mas SaK0HOMEPHOCTH BHHOCE METANA0B NPU yCHIGHAM MeTaMop-
(fusMa yCHOXHAETCA TEM, 49T0 OTA6JBHHE MeTaJJk HaKanJdBapTCA B 0I-
pezeneHHHX MeTaMopduuecKux famusnx. :

Bce Goibuee yCclIoxHeENe 2Tod saKOHOMEPHOCTH MOXHD BAZETH MNpH
M3TaMOpJH Y6CKOM MBMOHEHHMM DABJIMYHHX NEPOj - T8 PPUTEHHHX, BYIKa—
HOFOHHHX M MarMaTHYeCKUX, COA6 PRamyX pasiiuHHe TDPyNNH SJEMEHTOB.
Ty opMIBHEe DNEMEHTH, CKIOHEHE K 0GpAB0BAHMD J6TKOPECTE 0pAMHX
KOMIJOKCHHX coezuEeHMil ( Mo, Zr, Ba) , OXOTHO HaKaNAMBAJNCE B
nera"unpq:uqecnux N0poZaX CPEAHMX M HHBKMX CTyHeHeH MeTamoppuama.
B 27X %6 yCJAOBMAX HAKaNAWBAIUCH M XaIbKO(MIABHHE SI6MEHTH
(Pb, Zn, Ag, Au),

CuzepofuibEye SIBMEHTH WECTQ HAKANJAMBAIMCE CPEAM MODOA BH-
COKHX cTyneHe# meramopjusua ( Fe, Mn, Ti, Co, Cr, Ni), 0zEAKD
MHOTHMO M3 HEX BECBMA @KTMBHO 06pasyDT KMCAODOJHHE COEAMHEedAMF -
CHIMKETH M CyAbJUzH, HAKONAGHWE KOTOPHX OPOMCXOZMI0 B 30HEX
OTHOCHTOILHO HUBKMX cTyneHe#f MeTamopdusma.

O6dzxacrTs yarsTpausTaMmMop@dusmua xa-
pPaRTEeEpPpUMBYyEeTCSH oemne (olee MHTEHCKBHNM BHHOCOM Dy JHHX
SI6MEHTOB, 0 Y6M CBHZGTONECTBY6T CHUEKOHME COZEPHAHUA MHOTHX Py-
AOTEHHHX MOTAJUIOB B MMTMATHTAX ¥ MalMHETeHHHX T'DAHMTEX N0 CpPaBHe -
HHD C MeTaMOD(M YOCKMMM MOPOZAMH, B KOTODHX BCO %8 JOCTATOWHO 0T—
Y8TAMBO COXDAHMIMHCH UePTH MEPBMTHOTD MX DAcCHpejedeHMs.

YscTHYHOe BHOJABAGHME M MOIHAS MEPEeKpUCTANAMBALMSA 0CAZ0UHHX
¥ BYJKGHOTOHHHX MOPO0Z NPH MeTaMOPOMYSCKON TpaHMTMB&E MM I1DUB 6JK
K BOSHMKHOBOHMD TDAHMWTOMZHHX NoPoZ (MAIMATMTH, SHATEKTUTH, I'pa-
HMTH), KOTODHE O0TAMYADTCHA DT YCXOAHHX NOTEpeH 3HE WTEILHHX KOJM-
vecTs Pe0, Mg0, Ca ¥ MHOIMX pPacCeAHHNX METANA0B. B peoMophu YeCKMX
4 MeTacoMaTHYeCKMX IpaHMTaX HaGADAa6TCA HAKONJNeHWe ypaHa ¥ CBHE-
08, OUEKE W MapraHna. JlaMTeAbHAR [0 BPOMEEM M HeQZHOpOZHAA N0 MH-
TOHCHBHOCTM MMIpALMA PEBIMYHHX DSN6MEHTOB NpMBENa K CIOXKHOMy pac-
npeae IeHAD METEII0E B NOpPOAEX, HO O0TBEUYAWNEMy UX [ePBOHA B JILHOMY
C 010 PXA HUD,

OnucaHHaf B4KOHOMEGDHOCTH N6DEMEMEHMA DAEMOHTOB ABIAGTCA IJ&B-
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Bo#t npuwiHO# 06paBoBaEMA B0H, 000OTBNEHHHX pyAHHMM SIOMEHTAMM, KO-
TopHe FBAADTCH MOTEHOMEJEHO PyZAOHOCHHMM ¥ NSPCHEXTEBHHMA 7/ Ha-
XO0XZicHMn PyAHHX MeCTOpoxZeHM{l HA KpMCTAINMYECKHX mUTaX.

OQ6pasesaHEue MeTaAaMOpPpDHoOoreHHEHHX MBOC-
TOpPpOXRKZGeHHMH B ojHuX cAyuaAx NPoMCXOAMAD B mpouecce mepe-
KpUCTAAAABaNAM NePBHM WHHX CKONNeHWH MeTalNoB B N0pOA&X; B APy I'MX -
BOSHMKEIN HOBHO KOHEHTNALMH MeTSNIgB BCIEACTBME MEBTAMOPJHUYECKDH
aupEepeHManMM BEWECTBA MOPOA NfM AMHAMOTEDMAIAEHOM MeTaMoppyaMe
M yasrTpaMeTaMopdusue.

[Io re0JM0CHYBCKAM yCH0BHAM MeTaMopfoTeHHOIO pwnnndpaannaanﬂ
OTYeTJINBO BHJGNANTCH TPH MOXKAAcCCA MECTODOEJBEMHA: M e T 8-
MopfiHUsoBaHEHEHG MOTAMNODPH YECHLAE H
yIsrTpaumeraumophuugecHH e,

MerTauMopiusoBsa HHHE MECTOPOXJO HEA
BOJHMKIM 710 MeTamopyusua, Ho OpeTepneld CymeCTBOHHHE MpeoGpasc-—
BAHMA B JCAOBUAX MBOXHMHYECKOrQ MeraMopdusma pasmMunux faguil ces
CyLeCTBEHHOI'0 NPUBHOCE M BHHOCE Dy 000p&3YyNNUX KOMIOHEHTOB,.

[pogecc MeTaMopdUuecKoIo [1peoOpasoBpaHUd COCTOAL B PACTBOPOHHM
¥ O6PEeKPMCTAIAABALMA MaTepDHAN8 NoPOZ Moz BAMAHAEM TeMnepaTypH M
JaBleHUA, HO Oe3 WBMEHOHMA BUZA OOJAEBHOI'D UCKONAGOMOTD M MeCTa
6ro sazeraHnd. [ompaRHEME OpH pyRoodpasoBaHEd Owma Hy0 m CO,.
[apareHeSHCH MEHEDAAOB HOPOX M DL OTHOCATCA K ONHEM MeTAMOD-
freecKEM DammaM,

MerTaMopPuUuUYeCKHEO MEeCTOpPOXZEe HHUSA
06pagoBajuCch NPR MeTaMmoppuueckofl zuddepeHuuanuy py Z0TEHHHL KOM-
NOHEHTO0B MeTamopfuayeMHX Nopox, N0ABEPruMXcA MeTaMopiusMy. [udde—
peBnManua MMeJa ANI0XHMMMUYSCKMY XapakTep. PyjAH0e BemecTBO MEITaKop-—

(uayeMHX NOpoZ NepeEMEMAEN0CH HA HeO0JbNMEe pPACCTOAHMA B Mpejelax
pasBUTUA OAHOU QagMM MeTaMopdusma (aBTOXTOHHHE), TOIA8 Kak B Apy-
TUX CAyYaAX OHO O6DOMEMAJNIOCH HA BHA WITENEHHE DAacCCTOAHMA, 88 Mpe-
eI MeTaMop(usyemux nopoy (aiNoXToHHHEe). [lOZBMEHHEME NDM DyAOOG-
pasoBaruM OHaM He ToasKo Hy0 M 002, HO W DYyZ000OPasyomue KOMITOHEHTH.

[ponecc, npyBOZANMG K pynunﬁp&sbnaﬂnn. COCTOAN B [e@pe Kpuc 1871~
JMBELMM MCXDZHOID MATEpPUana M 06pasoBAHMM HOBOIOD BUZA NOJE3HOID
HCKonaeMoro.

YyasrrpaumeraMopdHuuecCKHUE® MOECTODOEX-
A @ H M A 06pas0BalMCh NPEMMyNECIBOHHO NOJ BIAARHUEM O0CTIpaHM-
THSELMUOHHNX (IOUAOB M PECTBOPoB. OHM NpeZCTAaBIAGHH DY7OHOCHHMM
TPaEMTOMZIE MM, DETMETOMZAMM W DABIMYHLMM AMa@TopuTaMu (a8IBCUTATE-
Mi, JACTBOHUTAMH, GEPEBUTAMA U ZD.).

T'panuTiaa A ABJAAETCA MPULECCOM YaCTM YHOI'0 BHNJABIEHAA M Nepe=
KpACTaZIM3aLMA METaMOPQU Y6CKAX MODOZ NOZA ASLCTBMEM (I0U70B, CO-
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AepxaBmux Si, Al, Na, K . B mponecce TDaHMTHBALHM STH QIOMAH
oforamaiMch PyAHHMH H [EN0YHOBSOMO.LHHMM KOMIOHeHTaMd, 0CBOOOE-
Z8BOMMHCA ¥3 MNODPBMYHHX MOPOZ M HO BOWGANMX B COCTAB HOBMX MMHO-
palos B 00pasyDmMXCHA NDM STOM MMTMATHUTAX M rpaHuTax. TaKuM ob6pa-—
80M, QOpPMMpYyDTCA NOCTIPAHATMBEIMOHANG DACTBODH, O0GOTaNOHHHE Dag—
NMYHHEMK [yAHHMM KOMIOHOHTAMH, B SABMCHMOCTHM QT COCTAB& TPAHUTHBH-
PyeMHX NOPOZA.

[lpy GIATONpPHATHHX yCJAOBMAX KAKAA-TO YSCTH DYyAOTGHHHX BIEMEH-
TPB, KAK MH BHZMM, KOHOGHTDMDOBAJZACH NPW KPUCTAINMSANMM TpaHMTOM-
DB B MEXB6DHOBHX [pOCTD3ECTEAX M NMPOTOTpemMEAX, 00pasys pyA0-
HOCHH® I'DaHHTH (M8IMHTOHHO-METACOMATATECKHE).

MocTrpaHATHBALKMOEEHe QIoMAH (MM Npd CHMEEEMA T6MI6DaTypH
W JBBISHMA - DACTBOPH), cojepEamie Fe, Mg, Ca, Na, K, CO,,-
PeAKHe ¥ DBOTHHO METAINH, NOAHMMAAHCE B 00J8CTH DACCADGHHHX
MeTaMophU YeCKMX NOpPOZ, TS OHM NPUBOAMIM K 06p8B0BAHMD DyAOHOC-—
HHX M6TACOMATHUTOB, NETMATOMZ0B M THZPOTEDMANBHHX MOCTODOEZSHUT
B NOPHCTO-TPOMMHHENX B0HAX (MOCTIPEHMTMBALNWOHHNG MECTODOEZSHMA).

OMB8HMKODXMWMUTIOCKHMS® YJyCIOBHUA MeTa-
MopdoreHHOTroD pyZAeoOGpasesaEusd onpepe-
JNADTCA NPM M3y YBHMM MATOYHHX DAacCTEOPOBE B0 BKIDYGHHAX B DYyZHHX
HIM B HAXOJAANMXCH C HMMM B NMAPareHesHCe (63DyZAHHX MUHepalax.

OTo z86T BOBMOXHOCTH OOpEZEIMTH TeMNepaTypy, AaBJEHMS M COCTaB
PyZoo0pasynmUx pacTBOPOE.

TemMmnmnepaTypa pyzaooOGpa30BaHMWA pas-
IMEEX DOZKASCCOB MeTaMopPPOTreHHHX MECTOPOEZe HUM KoaeGaeTcA B
LUPOKHX npegensx - oT 80-I00 zo 700-800°¢ (radz. 2).

HauGonee BHCOKOTEMIOEPAE TYPHHMM ABJIANTCH METAMOP)MS0BAHHHE MEC-
TOpOXZIeHMA aMGuOomMToB0R W rpayyMToBol dagui MeTaMopiusMa M
aBTOXTOHHHE METaMODJMUYSCKMO MECTODOXASHMA, 06Das0BAHHNHE B mpo-
TPECCHBHHE CTaZMH STUX X6 BHCOKMX (auuii MeTaMopdusua.

HusKAMM TeMmepaTypaMy 00paS0BAHMA XBDAKTEPUBY DTCH MECTOPOXE—
ZGHUA METAMODJM30BAHHHE M MeTaMOpP)UUBCKUE, CBH3aHHHE C HUBKOTEM-
nepaTypHuMyY GanguaMM MeTaMopjusMa, a4 TAKEe NOCTIpaHUTHSa[MOHHHE
MEC TOpOXJE HiH, :

Kax MOEHO CyZMTH /10 COCTABYy IA30BO-KMAKMX BRKIDYEHHH B DyJIHHX
MY apareHeTUYBCKHM C HUMM CBFB8HHHX MMHEpAZNaX, DYyZA00TIOKSHHAE
NpOUCXOZMi0 U3 Topaiuux (TepMalsHHX) ras0B0-XUJKMX paCTBOPOB [IDM
TeMmepaTypax npeuMymecTseHHo oT I00-IZ0 zo 360°C.

lasneHuWe NONpU pyAOOOGpPAE30BAE HUM HBy-
YeHO N HEZOCTATOYHD, M 0 HEM CYAAT JU0GO0 N0 KUAMUWCTBY yIISKUC—
A0TH B T&30BO-XAZKUX BKIDUEHMAX MUHOPENOB, JAGO N0 METEMODPU-

. YeCKMM QanusM, B KOTOPHX ODOUCXOZMIO0 MiHepaIooGpa 30BaHUE.
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Tiadxana 2
TeunepaTypu 06pa30BAHMA METaMOPPOIe HHHX MECTOpoxE7eHMi

lloZKIaCCH . TeMnepaTyps pyaooGpasosatua, °C
MeTamopd ore HHHX 3
M6C TopOXZeHMi HUBKME cpejaHue BHCOKUG
I. MeramopdusoBaHHHSE I00-I20 400-450 600~-800
Do 450 Jio 650
ll. MeraMmoppuyueckue .
8) aBTOXTOHHHE 300-400 " 500-600 650-750
6) &AM0XTOHHHE 80-I120 - -
Jo 350
ll. Yaprpameramophuyec—
KHe
8) naJMBETreHHO-METACD-
M&TMYECKME - 400-500 -
6) MOCTIPSHMTHBEMOH~-
HHE 80~100~-400 - -

HanGonbuee AaB/6HME CyWOCTBOBAN0 NpM 06pas038HAM meTaMopduso-
B& HHHX @BTOXTOHHHX METaMOpP{i YECKMX MECTOPOXS HUA aMPuGoanTOBOM
W TpaHyaAuTOBOK QaupMil, TZe 0HO ZoCTMra;o 6-8 KuioGap. SHaUMTENb-

HO MEHBWGE ASBJGHWe XAPAKTODHD AJA &JJ0XTOHHHX METAMOPMYECKUX

M yAbTpPaMETaMOP)¥ YeCKHX MECTOpDOXZEHMA. [1a BTUX NOCAEZHUX WBBECT-
HH MHOT'OWICAGHHJE ONpeZeJieHWA ZaBAeHMUii, MOKAs8BWNE 3HA YGHWA OT
0,6-0,8 a0 I,5-2,5 Kuap6ap. Bo BCEX CJy 4aAxX MEeTaMOpPQoreHRHE MECTO-
DOKAEHAR OTJMYANTCH 0T Ny TOHO-TMADPOTEDMANBHEX G066 BHCOKUMM
J@BIGHUAMNA, CBUZET GALCTBYOWKMMA © OOJNBMMX TJyOMH&GX PyZ000pa30BaHUs.

WcrouHMKOM pyAHOTrO B6 mecTsa np4 ob-
paBoBaEMKM MeTaMODPPOTreHHHX MECTODOXAEHM{ OHAM Nopoj 3eMHON KOpH M
YACTHYHO NOAKOPOEDE BEWECTHD 36MIU.

a) Juia MeTaMopfUB0BAHHHX MECTODORZGHMA MCTOYHMKEMM DyZAHOTD BE-
meCTBA OHJIM cami BMeNawmMe NOPoJH, TAK KAk pyAHHWHA npogecc co=-

CTDAA B NepeKpUCTaIAM2anMM pyAHOI'? MaTepuala, BCASACTBME Yero no-
poza npuubpeTasa HOBHE TEeXHOAOTMYeCKMe CBoficTBa ¥ CTAHOBUJIACEH
pyznoi.

6) M&TEHDP@HHBOHHU/EHTDITDHHHG MECTOPOXZGHUA COXPAHANT I'8O0XW—
MMYBCKME 0COOBHHOCTM, XapaKTePHHE 2Jf NOPOA, CPEAM KOTOPHX OHM 38—
JerapT. [poBEGHHO® HAMM M3y Y6HMWE M30TONOB KMUCIOPOAE M CEpH BME-—
LAONMX NOPoj U METAMOPPUYSCKHMX PyZ MOK&SalI0 YETK0E COBIEAGHNHE
COOTHOWEHMIA M30TONOB CEPH M KUCIAODOZA MWHEDP2IOB PyZH M BMENEDIMX
N0pofi. ITH ZaHHHe ABAANTCA 9CHOBAHWeM ZJA TOro, 4Yro0H NpUHMMATE
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nopojH BeMHO KOPH B KAYeCTBE WCTOYHMKA PyJHOTD BEWECTEA METAMOD-
(M YeCKUX MECTOpOEAeHME.

B) JlIA Cy=EzeHus 00 MCTOYHMKEX BEWECTBA yABTPEMETaMODDM BCKUX
MECTODOKAE HUA MOTYT OHTH MCHOJNBB30BEHH CJEAYOUWAE ZaHHHE :

- pyAoHOCHHE zua@ropurTs (AABCATMTH, JAMCTBEHMTH, G6pEBHUTH,
KapGoHATUTH ¥ ZD.), OpAypPOYEHHHE K pa3JOMHO-CKIAJ 4B THM
CTpY KTy paM NPOTAXEHHOCTHN, NPEBOCXOAALEN TOMMMHEY BENMHON
KOpH ;- ;

~ DyAOHOCHHE METACcOMaTUTH, 00Pa30BAHHHE \Na— # K=MuHepa-
JEMM; OHM PacnoIarapICA Cpezy Nopox andueomMTosol Ganuu
ueTaMopfMsMa, B BHE WITENLHO! CTENeHW I'DAHATHBADOBAHHHX M
uuenmux K/Na orsowerds ot I,5 mo 2,0%;

~ COOTHOW&HMA MB0TOMOB Kucaopoza (O 6 n DIB) B 10BO0Gpa 30Ba-
HHAX MarHeTHTa, BCTPOYEHHOID CpejM WEJDYHHX MBTacOMaTUTOB,
cocrasaanT o I0 azo I6-2%u, YT0 BHAWITEALHO BHWE, YEM B
THAPOTEPMANBHHX M0CTMaTMaTHyecKux Bogax (5-7%0).

[lo 2TMM JaHHHM MOKHO CYAMTH 0 MOOMJMBELMA PyAHOTO BELECTBA

u Na us BMEManUMX [0PpoZ ¥ 06 y4ACTUM MET4MODP(UYECKMX DACTBOPOB
B pyAooOpasoBaHudd. OZHE8KO G0JbWAS NPOTAXEHHOCTH METACOMETHUTOB,
OIHOTHIHOCTS [14ParEHE3KCOB MUHEPAN0B, DA3BUTHX HE GOJBUMX pac-
CTOfHMAX, M NMPAYPOYEHHOCTEH MOTACOMATLTOER K BS0HAM IIyCMHHHX
pasioMOB Z8WT OCHOB&8HWE MpEZNONET8ThH y YGCTHE NOXKODOBHX MCTOY-
HUKOB PACTBOPOB U DYyZHOTD BEmecTsa npd o6pasoBaHUM yABTpaMETAMDp~
GAYECKUX MECTOD DEZSHM M.

JaKoHEOMEDHODCTH pasMeljeHHA MeTa-
MOpDhPore HHHX MOCTOpPpOXZEHHIH:

I) nopaBaswwee GOJBLMHCTEO MeTaMOPHUYECKAX W METaMOPJUBORAH~
HHX MECTODOKASHMI PASMENEETCH CPEJM MeTAMODYMYSCKMX MOPOA 3e7eHE-
cAaHeBoll ¥ B MeHpwed cTensHd angulyaMTOBOM Qaudid MeTaMOpP{MaEME.
3Ha WITEABHO MEHBWE MX HAXOAMTCA CpEZM I10P0ZA TPaHYyAMTOBOK dayum
W B NONEX Pa8BUTUA I'PAHUTOUZOEB;

2) CTpykrypHO-}aLMaibHHe B0HN MeTaMODPGMUSCKMX MOpCZ B86JeHo-
cradnesoi M ampuCoauToBoit ayuit (npeMMymeCcTBEHHD IPOTEPO30H-
CKHX) ABAANICA HAWGDJE6 DyZADHOCHHMH, OCOGEHHO ZJA MECTOPORAEHMM
Fe, Mn, Pb ¥ HEKOTODHX DPEAKWX METAII0B;

3) ynprpaueTaMcpuuecKiue MECTODORAEHMA (paAuoa KTMBHHX, DEAKMX
4 6IaropojEHX MEeTaJJ0B) pasMeLeHH B Npezelax TEKTOHO-MeTaco-—
MaTHUYECKMX B30H cpefy¥ MeTaMoplUyeCKux ¥ TPAHATH3MDOBAHHHX IOPOX,
N0/BEPTUAXCA a8NI50M1HB8aLUNA, JUCTBERATUBANUA, CepeTH3amMd I Ipy-
THM M3MEHEBHMSM.
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E.Z.F e & 5 & 3 (CCCP) _
METAJLIOTEHEA BOCTO WOl WACTH BAJTUMICKOIO IMTA

E.D.Bel iayev (USSR)
METALLOGERY OF THE EASTERN PART OF THE BAITIC SHIELD

1. The eastern part of the Baltic shield is an ore region of
the USSR. Deposits of irom, nickel, apatite, mica, building

material, etc., are worked here. Further industrial develop-
ment of the region makes the problem of scientific forecasis

really urgent.

2. Historical-geological principle of the study of the
Earth's crust was a basis for the metallogenic analysis of
the region. Four Precambrian and two Paleozoic megacycles of
geological evolution and six metallogenic epochs corresponding
to them were established in the Kola-Karelian region. It was
proved that characteristic of the regiom are large tectonic
blocks and long-living deep faults,

3. The synthesis of special geological and geophysi.al
maps gave a geologic-formational basis for the distinguishing
of metallogenic zones within the eastern part of the Baltic
shield. Application of monometal registrational, geochemical
and other maps helped to establish a reliable series of pros-
pecting indications for the main minerals of the region and
for some elements which are new for the eastern part of the
Baltic shield, such as copper and polymetals.

4, The Archean and early Proterozoic structural-forma-
tional sequences were characterized by initiation and deve-
lopment of linear zones (greenstone belts) with typical pyrite
ores, iron ore, etc. At the same time the deposits of highalu-
mina raw materials were formed. The distribution of the depo-
sits was controlled by zones of metasomatism and hydrothermal
reworking along weakened fault zones.

5. The middle Proterozoic metallogeny is determined by
stratiform deposits of copper, cobalt, and polymetals in for-
mations of quartz conglomerates, metasandstones and carbona-
ceous slates, as well as by copper-nickel and titanium-magne-
tite formations assoclated with the basic and ultrabasic mag-
matism. Deep fault zones recorded by the presence of volcano-
tectonic rift-like depressions and fault fault-associated



troughs were the main ore-localizing structural features of
that epoch.

6. The Ehibini alkalic massif, well-known for
apatite ore deposits, is associated with the Paleozoic tecto-
nomagmatic activation. The emplacement of central type intru-
sions, such as Kovdor, Vuoriyarvi, etc. was accompanied by
formation of magnetite, phlogopite and apatite ores.

7. The metallogenic analysis resulted in tracing through
the whole Baltic shield zones of long-evolving orecontrolling
faults, the Ladoga-Bothnia, Finland-Karelia, Pechenga-Varszuga
and Norway-Murmansk ones. Repeated tectonomagmatic activations
were responsible for the combinatjon of ore manifestations
and deposits of various formational types within the same zo-
nes.

8. The aforesaid deep faults divide the Kola-Earelian
region into a number of megablocks and are responsible for
the geological evolution and metallogenic specialization of
each megablock.

BocTouRas 4acThs Banrmfickoro muta SBAfeTcs OXEOR W3 DyNEHX IDPOBAH-
nak Cosercroro Comsa. 3meCh H3BECTHH BHABJNEeHHHe B TofgH CoBeTcroft
BJACTE E METEeHCHBHO paspadaTHBaeMHe (DylIHHe MECTODOXINSHEA XeJesa,
HEReJd, MeIi, ANaTETA, CJDIH ¥ PasHOOODPASHHX CTPOHTENBHHX MATEDHA-
JIOB, HA& OCHOBe KOTODHX CO3JaHA MeTALAypPrEYecras dasa (epepo-3amam-
HOTO SKOHOMEYECKOTO paffoma, MveercA DA MecTOpOXIeHEM,eme He BO-
BJeYeHHHX B SKCILIYATAIlED.

Buecre ¢ TeM NepCHeKTUBH BOCTOUHOHR vacTd BaaTUHCKOIo HMTE BTHM
He MCuspnHBADICA, HKOMONGKC reolorMYeCKMX NDUBHAKEE yKABHBAOT HA
3HAWTENBHD6 CX0ACTB0,8 B DANG CAyYASE 4 HA NONHYD AHANOTED pac-
CM8TPMBEEMITO DETMOEA C MUDOBHMA ZOKOMOPMHCKMMA Dy ZAHHMM OpOBAEIH-
AMH MBI, MOJAMETA/IOB M DANA NPYIMX MOJESHHX HCKONASMEX.

liccnenopanuA NoCAGAHMX J8T NOKasald, YTo (OHZ ZETKO OTKDHBAG-
MHX C MOBEPXHOCTHM MOCTODOXAGHMA NPAKTHYECKH MCU°pnaH, BoIsWEM Npe-
OATCTEMOM ANA OUOGHKM PyAOHOCHOCTH ABIAGTCA BHA MTONPEAR B3aKDH-
TOCTH TOPPUTOPUM MOMHHM YOXJAOM YOTHODPTMUHHX 0TIOX6HME, NHDOKoe
pasBdTHe G040T 4 0B6P. B CBABM C 5THM uCOG0Ee BE8USHHE NMpPUOGpPETa €T
HB 00X0ZMMOCTE ZANBEOmErD COBEDWEHCTEOBAHUA MOTOZOB r.:;yﬁuuaurn'
OporHosa, HempeMeHHHM yCJI0BMEM Hay4Ho 0G0CHOBAHHOI'D OPOTHOBA HB-
7iA6TCA KOMOISKCHHH 8HANW3 COBOKyNHSCTeld reol0ordYeCKMX ABIOHAE H
MX NPEYMHEHX CBABEH B CBOTEe HOBEHNMMX METANOreHUYECKMX KoHOBOOHH,
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C sTofl yels0 PAZOM I60JOTMYBCKUX OpraEMsanuil MMHMCTEpPCTBE Iepio-
Tl M Axajemum Hayk CCCP, paGoTapmux B TOCHOM COADyX6CTHE® M o
eAMHON nporpaMme, NpPoBOZUTCA 0GOGIEHME BCEI0 MMERWEI'OCA I'60A0TM~
WCKOTo, reofUsdyYecKOro ¥ reoXUMMYeCKOrD MaTepuana [y TeM cocTas-
JIeHWs CODUM NPOTHOBHHX ¥ COIly TCTBYOWMX UM Kape,

HacToAmeée cooOmeH¥eé OCHOBAHO HA pPE3yJAHTATAX 8HalKMsa 3TUX MaTeEpua-—
JI0B.

B cTpoerMM [OKeMODMA mMTA OTYETIMBO yCTAHABIMBANTCA YeTHpE
TIEBHHX CTDYKTypHO-QopMELMOEHNX KOMIOIGKCa, Kaxjuii co cBoefl MeTan-
JoreHnYecKofl cneuyuanusanuen: apxefickuii (3,5-2,7 MIH, J6T), paHHE-
nporeposoickait (2,7-I1,9 uns, ier), cpepHenpereposoifckuit (I,9-I1,6
MIH. NeT) ¥ nospHenporeposoilckui (I,6-0,55 maH. :8T). Kaxpui
KOMIJIEKC BHAMEHYOT C060# KpyOHYyD replordyYecKyD B8moxy, OXBATHBAK~
Iy® OEepPUDj 0CAZKOHAKOMNJGHHA M BYJIKBHABMA, CKJIAZYaToCTH, MeTaMop-
fusma, rpaHMTO0GPA30BAHMA M NocIeAybmei AeHyzauuM. CTPYyKTypHO-
fopuManMoHHHE KOMOJSKCH X8 pAKTEDM3yDTCA ONpezeleHHHMY accouuanui-
M4 reoJOrMYECHMX QopMmaiyil ¥ pasielie HH PETMOHA IbHHMM CTDYHTYDHHMZ M
METAMOPYMUE CKAMU HECOIASCHUAMA M AJMTEABHEMA KOHTMHS HTAIBHHMH
nepepHBaMd.,.

JinA apxeiickoro W paHHeNpPOTePO30UCKOI0 CTPYKTy PHO-QOpPMAIMOHEEX
KOMOJEKCOB XBPAKTODHH 0CAZOWHHE M 0Caz0YHo-BYyAKAHOPGHHHA THIH
I#TOreHesa, OTPAXANEAE COOTBETCTBOHHD NPOTe0CMHKIMHEIBHOE X Opo-
TOre0CMHKIMHANEHO® DasBUTAe SeMHOU KOpH, QopMMpOBAHME Kakj0Io
CTPYKTy pHO-(OpPMENUOHHOTD KOMOJIEKCA 88BEPNANOCH CKA&JYATOCTEHN,
MOWLHHM TépPMANBHUM UBMEHEHWEM Ie0J0THUECKML 00pasoBaHull M nposs-
IeHMEeM MACC aJN0XTOHHHX ¥ 8BTOXTO4HHX I'PAHMTOB B yCJAOBMAX PeTH0-
HAJBHOT'O MeTaMoppisMa rpaHyanToBof W aufucoadToBoil Qanuil.

B paHHeM NpoTepos0e BOCTOYHAA YaCThH BaJTUACKOTO WMTE WCIHTH—
Ba/a audpepeHNMpPoBAHHO8 OJNOK0BO6® D&3BUTHE, BHDA3HBIESCH B 3Ha-
YATeNBHOM PasHOOOpasMM TUIOOB pa3pesoB M veTKoll naTepansHoidl Bo—
H8IBHOCTM 0CE8AKOHAKONJOHMA, MarMaTHama, CKJIGZYaToCTH, MeTaMop-
fusMa M rpaHUTHBALMM, TIaBHeUWNME TOKTOHMUYSCKAE WBH 3TOHR Bmoxu
NoZYe PKUBEANTCA M0ACEMM TUNEPOE3MTOBHX MSCCUBOB.

CpeznenpoTepo3oficKuil KOMIJEKC 0TpaxAeT MPOTOOPOreHHHE ne pu-
04, B TeuwHMe KOTOPOro 6oAbuaf 4aCTH TEPPUTOPMM ADEGOpena Kpa-
TOHHOE cocToAHME. TEKTOHMUECKUE DORMM aTolf BHOXM 06YCIOBMI
augde peEnuanupD TEPPUTOPHA BA JeTHDe MeraGioxa - MypuaHcku#, Be-
noMopcKuA, KapeascHiud u Chexo-JlazioERCKuil, KaxzH# Co CBOMM Xapak—
TEPOM JANBHGUNETro PasBuTMA. ['paHMLAMA GAOKOB CHyXMAM S0HH IIy-
OMEHHX - KODOBHX M MAHTHIHHX - D& BSIOMOB, (MKCHDYEMHX CHCTEMAMHA
BYJRAHO-TeRTOHUYSCRUX DEGromonodmux nempeccuit (lewerrcxo-man-
Apa-Bapsyrckoit, Kyona-Burosepckoit u fHMCAPBMECKOM). XapakrepHas
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0CO0GEHHOCTE BTHX BOH — NPUCYTCTBME CPOAM BAMONHADMAX MX 0CAZ0UHHX
06pa30BaHU ByAKAHWTOR OCHOBHOTO COCTaBa M pesKaf acvvme Tpad-
HOCTH, BHDAKAVNAACH B HANDABIGHHOM WSMEHOHMM MONHOCTH, QAMATBHO-
T0 COCTABA, MOTAMODpMBMAE CDEAHUX M yMEDPO HHWX JaBieHuit aMducoamTo-
Boll ¥ semeHociaaHyeroll Qanuit (mapHue meTaMopdUUECKMe MofAcE) M M-
TEHCMBHOCTYM AMCHOKAnWi. BADJIP KpynHeMmMX pasJoM0B Ha IpasAuax Gao-—
KOB NpPOMCXOZMNIO0 BHeZPeHMe B pasauyHoll creneHd zuddepeHyHpPOBaHHHX
0asHT-yABTPAGASMTOBHX MACCUBOB. B npezenax Kapelasckoro M MypwmaH-
CKOro GIODKOB NpeoG/aja/io KOHTHHOHTAIbHO® 0CAZKOHAKONI6HWE, CO-
NPOBOXAABUE6CA WBJUFHAEM OCHOBHHX MaB. TUMOMOpQHHMM o0CpasoBaHMA-
MM STUX GNOKOB ABJAADTCA LPOAYKTH K0P XMMAUBCKOI'0 BHBETDUBAHUA

¥ MOHOKBADLEBHe KOHII0MepaTH, CEPOIBETHHE W YaCTHWHO KpacHOGBeT-
HHE BJ6BPONCAMMUTOBHE M Z0JOMMTO-yII6DOZMCTHE 0TIAOK6HUWA. CpeaHenpe-
Tepos0fickie 06pa30BAHMA STUX GJOKOB METAMOD)UBOBAHH [PEMUMYIECTBEH—
HO B yCIOBMAX B6JeHOCJaHeBoM damum. .

B KoHye cpejHero OpoTepP0S0A TeppMTopus BanTuiicKoro mMTa mpuos-
pels TUNMUHHe NJATHOPMEHHHEe YepTH DASBMTHA W B AajbHO lueM HA npo-
TAKEHMM OGonee I,5 MApZ. IOT CymecTBOBalA Kak ycroflwiBas naaTdop-
MeHHaA 00JaCTh, NEPUOAMYECKM WUCIHTHBADMAA BOsAefCTBA® TERTOHE—
MarMaTMYeC Kol aKTHBABALMM.

loszHenpoTe po3pficKkan aKTHBMBaNHA BHPASWUIACE B QOPMMPOBEHUM Ipa—
GeHONOZOOHNX CTDYKTYD, BHIDJIHEHHHX KOMIZISKCOM SMNHKOHTHHE HTABHHX
pCaZ0YHEX M YacThD By IKAHOT@HHHX 006pa30BaHNM.

Bonbwoe 3HAYGHAE B I'6 0MOTMYECKOl MCTOPMM PETMOHA HMEN Nake 0s0i- .
CKAli nepuof TEKTOHO-MAIMATHYSCKO! aKTMBMBanud, B TOWHHE KOIOpOrD
NPOMCXOANI0 S8J0K6HME KOHTMHOHTANBHHX BIAjMH, 00HOBIGHMe CTADHX M
BOSHUKHOB@HMO HOBHX COKyNMX CHMCTEM KODOBHX DasioMOB CyOwMpoTHOIOD,
CEeBOPO-BOCTOYHOTO M CyOMepPUAMOHAJBHOT 0 HaNpaB/ e HUM, KOABLOBHX M
pajuaibHHX PasNOMOB M BHEZPOHMe MHTpY3ull medouHoro M GasUT-med0y-
HOI'®D COCTaBa.

MHorocTazuiHOCTH IE0JAOTMYOCKOrD M METAaJIOTeHHYECHOTD DasBUTUR
BocTowHOR Yacrd BaiTvicKoro muTa ABMJISCH NpUUMHOM MHOTrooOpa 3ufA
BHZOI'GHHEX ¥ SKB0I6HHHX MONEBHHX MCKONaeMHX. COBPOMOHEHE MET&NI0-
TéHAYECKHe YepPTH peruoHa onpeje/iANICA COBOKyNHOCTHD N0CJE Z0BAETE Jb-
HOro Ha&JIOEGHMA APyT HA Apyra NpPoAyKToB Py A006pasyomMX Nponeccos
NATH MOTAINQTOHMYeCKMX 300X - apxeillckoil, paHHe-, CpejHe- M [03zHE—
npoTeposolicKolt W naneosoifcKoil.

ApxelicKag MOTAINOIreHMYECKAR 2M0XA 37A6CE OTHOCUTENBHO O6 ZHA
N0/0SHEMM MCKONaeMuMM. C Heli CBRBaHO (QOPMMpOBaEME METAMOPQOreHEGH
BHCOKOMEHOSeMECTOR fopmanm# B rueftcax. IIpavepom Amiarercs JoBosep-
CKOe HeIDOMHNISHEHOS MECTODOXIeHHe CHWLIMMaHWTa, [[OBHNEHHEHE CONEp-
XaHEA BHCOKOTJEHOBEMECTHX MEHEDAJOB OTMEYEHH CpeI¥ HODON JOYXCKOH
B 9acTEYHO eHCKOf Tosm Gesomopckoft cepmm,
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HexoTopuii MHTEpEC NPEACTABAANT TOJMHM, OTHOCAWMECHA K JAMacaso-
BoRl (amduconuToBo#) QopMammM, K KoTopoll mpuypouMBANTCH MUPAT-MYD-
POTHMHOBHE 38J6RM CePHOKONYeJaHHoM pyAHoR Qopmanu¥ B3 rHeilcax U am-
fucoaurax ((anbOaBpu). [lojesHWM DAEMBHTOM B HUX, BEpOATHO, ABAAET-
CcA Ko6anp?. [loJMMEeTalNMyeCKad, MEJHAafg U Cepe(pAHAR MUHE pANM3ALUA
MMEeT HanoxeHHHM XapaxTep.

K KOJXBCKO# CepHM a8pXed TATeTeeT (QOpMalids XeJe8MCTHX KBapuuTOB
(cmaEyeso-zMasas~nopduposasn), MECTOPOXAEHMA KOTopoll o0pasynT
CeBspEHY ®eIeB0PYAHHY GacCeilE C MPOTHOBHWMM BamacaMy CBHLE 3 MAP7.
T Py AH.

HexoTopue McClezoBaTeONM CXAOHHH DTHOCUTE 21y QopMau¥p %8 Je3UC—
THX KB&POMTOB, K PAHHEMY NPOTEpPOBOK, OPOBOAA aHazordp ¢ Kocro-
MyRucKofl rpynno# MecTopORASHHI.

PaHHenpoTepoaoiicKas MeTANNOIeHMUYSCKAA DI0XA 0TIAMYAETCA Da3HO=
o0pasueM 4 60166 BHCOKON CTeMOHED MeTalugHOCHOCTH., C 2ToM 2noxoi
CRESaHO POPMEDOBAHEE MECTODOXIeHH# BHCOKOTJIMHOSEMECTOT'O CHPBA
(KefBCR2a Ipymma), Eele30DyIEEX MecTOpoxneHEft 3amamHo-Kapeabcro-—
ro dacce#tza (KocTomyrma), JKOJNYETAHEHX MecTOopoxmeHEf# Hapemum ([la-
DaKnos0, fAromsapa ¥ Xayropapa), a TEREe NpoABIeHRft HERead (XayTo-
BapcRaf Tpynne).

JoTaHaBIM586TCH 30HANBHOCTH B pasMeMeHWM DaHHOOpOTEpPo30icKoro
0pyZAGHOEMA, COBNAZAKNWAA C NBN60TOKTOHMYECKD! S0HAABHOCTED. B Co-
0TBOTCTBME C YETHDEMA OCHOBHHMM THIAM¥ DAaspesoB DaHHeMpPoTeposoil-
CKMX o0pasepanMit o6ocoGiAnTCA UeTHPe 0ZHOBOBPACTHHX TUNA OpyJeHe-
HUf: MATHOTHTOBHX KBADIUTOB B ZEECNMIAT-CIBHUeBo-nopdupouanod (u
A6 CIHILAT~Cla HI 6B ol ;utadaannnﬂ) (QopMaydM, CepHOXDJIYeAdHHAS B CHU-
muT-geparTobupesot JopMamMM ¥ TIMHOSEOMMCTAA B (AMIONZHON anEBPOANT-
apruznTonoll dopuanuM,

HexmesepypHas gopuanus MErHETHTEBHX KBapUUTOB TAT0TeeT B 3amaz-
ko -KapeIsCKOM 08CCEHL6 K TMMOIBCHKOM M napaHAoBCKOW cepuaM. OOmue
SAN&CH XeJeSHCTHX KBADIUTOB 8TOro Gacceftra, Takx xe Kak u CepepHEO-

ro OaccedHa, OpeBHmADT 3 MIDK.T DyAH.
O6me#l oCoGEHHOCTHD METAJNOIeHHM DAHHENPOTEPO30/CKON aM0XE B~

196TCH OTYOTIMBO BHDAXeHHHI CTpaTMHOPMHENM XapaxTep XeNesHOID,
KO/Y6Z8 HEOT® M BHCOKOTIMHOBEMUCTOTO 0pYieHEHMsA, YTO OIpezeAReT
eI'0 mMPOKOe NAOEAZHO® DPACHPOCTPAHOHME M 3HE W TENBHHEe MacHTalH.
Jlpyroit BaxEe#t 0C0O@HHOCTHD ABIFETCA KOMNAGKCHOCTE pyz. Tak, cep-
HOKOJNUeZAHEN® pyZH CONPOBOXZADTCA MSAHOW MMHepamusamMeidl, IIKHO-
SOMMCTHE DyZH - TUTAHOM, MeZABD M K0GANBTOM. [IA PyA XapaKTePHH
MEOT000pasMe MOPDHOJAOTMYECKAX NpOABAGHAN M MHOTDSTANHOCTH HUX 06—
puB0BaHKH,
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FocuofiHo® CHET@HETHYECKD® 0pyAeHeHW® 0CHYHO COOPOBORZA6TCA HA-
JOXOEHNM SOMIe HOTHYOCKMM NPOXUIKOB0-BEPANAGHHHEM M EUIBHHM, CI8 7~
CTBEEM Uers ABUAGTCH 00pas0BaHMe HEH(0X6e HETEPOCHHX KOHTPACTHHX
Py 2.

[epcnexTMBH 00HADYEEHHS HOBHEX MECTOPOEZGHMA oTofl anoxy Zalexo
He McuepnaHH, B KoCTOMyEWMHCKOM B9HO MOXHO 0XMA8TH 00HAPYXOHUH HO-
FHX M6CTOpOXAeHM!l xexesa, B XayrosapcKo-llapaEzoBCKodl - CepHO- U
MeZJHOKONYS 28 HHHX, BS He#iBax — GoreTHX KMAHHTOBHX Balexeil.

CpeBHHTOABHO8 COIOCTABIGHHO I DIOTHYBCKOI0 CTPOSHMA BECTOY-
Eof wacTu BanTEfCKOrO META CO CXONHHMA NOKeMODEACKEMM IDOBEHUEA-
ME MED2 CBENIeTEJIECTEYeT O NOTeHIMANbHOR BOSMOXRHOCTH OCHADyXeHEA
B paEEenpoTepo30ficKEX 00pAlOBAHEAX MSCTODOXIEHNR MeIE B KOIIelad-
ENX DyZax, CBFSANHEX CO CHNRMMT-Reparofmposolt dopmenmeft, ® momm-
MeTAwIOB B QWINMTOBHIHHY YeDHHX CJAAHIAX,

CpesHenpere posofickas MeTANNOreHWIECKARA DNDXA BHAMEHYE TCA
yEONMUGHEGOM DOJM MAUMATOTISHHOTO DyZA00GpasuBAHMA: TAK, C DCHOBHHM
M yIHTDAOCHOBHHM MATMEBTHSMOM CHAS8HHM MEAHO-HMKEJIeBad, MeZHODyA-
Hafd ¥ TUTAHO-MATHe TUTOBAA QopManMM, C TPaHMTAMM - MOAMGASHOBAA,
DIOBOPYAHaA MHHODANMB3AHA B rpeliseHax M CKapHAX., XapakTepHO NOAE-—
IeHWe OPHHMIAAJNBHO E@BHX pyZHHX QopManHid - mezHopypHO# B necw -
HAKEX ¥ MOJMMETENIMYSTKON B yraepejUcTHX cuaHuyax., C aTo#l smoxoit
TaKke CBASHBAGTCA QOpPMADPOBAHME CIANASHHX MOTM3TLTOB, BOBHMKIMX B
JCIOBUAX METAMLPPUBME GMOUOONMTOBOR (anuu yMePEHHHX AABA6HMNA, Bos-
pact KoTopore onpezenad B 1,9-1,8 Mapa. AeT. XapakTepBa Opuuy poYeH-
HOCTE B80H CJADAAHHX NEIMaTUTOB K GACKEM B 0678CTH pABBUTHY IJIMHO=
SEMUCTHX THeHCOB GEAOMODPCKOID KOMOIGKCAE,

PyzonoxanusvomMME CTDPYyKTypaMM B BTy SIO0Xy ABAJMCE PUPTOmOLoC-
HHE BOHH M CHCTeMH MPOr¥GO0B HA TPAEMNIX GAOKOS C PasiuYHHM CTDOe—
HAEGM W C pasIdwH(# MomHocThD 3eMHedl Kopa: [eveHrcko-iHwmanppa-
Bapsyrckas, Kyona-Buroszepckas M AHUCADEMHCRaA. Hexzaa M3 8THX B0H
BAPAZY C OCmMMM MET&NJIOTOHM U CKMMM 0COGEHHOCTAMM YME6T CBOM HAZM-
BUZyanrHHE YepTH, Jaa [leveHrcko-lManzpa-BapsyrcKoll 30HH XapaKrep-
Ha MeZHO-HAKeN6BAR CHenManMsainusa, Hyolxs-BHrosepcKas xaparTepusy-
6TCH APKO BHpaXGHHON KolueJaHHOX Ccnepvaiusanueit, a AEMCApBAHCHAA -
MEZHO-D0IMMETEANA B CKOH,

KpyoHoft ofnacTsd paCOpOCTDPAHeHHA MEeNHCTHX OeCYaHHKOB H 9eDHHX
CHAHIIER ¢ MeNLD M KOCANLTOM ARIADTCH, KpOMe TOT'0, CpeIHempoTepo-
30ficRE® I'padeH-CHHKJMHAJNBHHE CTPYKTYDH Kapeabcroro Meradiokra, Ko-
TopHe O0GOCOGNANTCA B CAMOCTOATENBHEYD OHEXCKO-fIRT'OSEPCKYD MeTaLIo—
TeHUYeCKyD S0HY.

B BocTouHO# uacTd BanTulickoro mMTA MECTOPORAGHWY aTOTD TUMA
noKa He DGHApYEEHO, HO reQJOTMYECKMe NPEJNOCHIKA M NpiMie HAX0A-
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KM DYNHEX TpOABJAeHNf ONEOSHAYHO CRENETSJBCTBYDT O NePCNEKTHBAX
BHEeNGHHHX MeTA/IOTeHNYeCKHX SON HE& OCHADyXeHNWe HOBHX CTpaTHdopH-
MHX MeCTODOENeHNE MeNm W ITOJHMETAILIOB.

DHZOTOEHAA MHHepaIMBanHa CPeAHeNpoTeposeMCKoll MeTalioreHMd yec—
Eoff BOoxu NDpeABRAIACE B CBABM C ATYIMUCEMM nv:ma'nuaunu‘ (cuRBy I~
KaHEKJeCEDe MOAHO® 0pyjeHeHUe), cylicapckum sranmom Gopumpesanus
NMEpET-7M80a30B 0t accomuamuu (THTaH, BEHE30, HMKENAE, MEAB) M
NepHOAOM BHOJDEHMA I'PAHMTOB panakupd (0A0BO, BeIsfpaM, noiuMeTal-
IH). X8paKTepHHM ZJH CpeAHempoTepoBofCKe#t MeTANNOIOHMYECKON SHOXH
ABIgeTCA (opMApDOBAHME Kpy[HWX MBCCUBOB DaCCIOGHHHX HOPHAQTUT-IIA-
PORCOHMT~-HOPATOBHX MHTDy8Mll C MeZHO-HUKONGBHM 0Dy AOHOHMOM, &8 TaK=-
X6 MEJ0YHO-IaC6poMZHHX NHTPYSUil LOHTPANEHOre THNA C THTAHO-MEI-

' HOTUTOM, XAJIBKOIMDUTOM, &08TUTOM,

HanGonbmee OPAKTHWCKOO BHA YSHWE CPOAU 0Py A6HOHMS SHZOTEHHOTS
TMDA MMBOT MejHo-HMKenesaa Qopwanusa B 0asMT-runepOasuTax X 0J0B0-
BeabsfpaMeBaf B CKapHax. OCHOBHHE® NEPOHSKTHBH HNKOI6HOCHOCTH CBf—
38HM C DKOHOMHYECKHM 0CBOGHHOA [le WHICKo-Bapsyrckoit MeTaIaoTeH:ec—-
xo#f soHoll ¥ soRol BerpeHors nosca, OXoBopyZHAs MMEHeDaAMBANHA, A8~
JlaBHA ¥BBeCTHAA B [IATKADAHTCKOM pyAHOM paftoHe, B NOCAGZHAS TOJAH
'OUeHEBAGTCA KAK 8 PCIeRTHBHAA,.

[JeszHenpoTeposoiicKas MeTaAJOreHWYECKAEA 20o0Xa B npezenax Kapeao-
Konsckere perdoHa NpEACTABI6HA MONUMETAIINYECKUM Opy € HOHUEM RUIE~
HOTO T4ma, JOKAJMBYyDNMEroCdA 00 o0paMAeHMD mMTa. MeTalIoHOCHECTE pPH-
peliEHX TepPPMIeHHHX TOXW OOpPEJENAeTCA THTAE-LUDKOHMEBON MUHe paiu-
sapell, MEZHHM DpyZeHeHMeM B KapODHATaX W OpoABAeHEMeM Qocdopu-
TOB,

Ocodoe MeCTO B ONpeleJeHMH MeTAIOISHHE NATA NPHEATIEXAT NO&-
neosofickoft SmoXe TeKTOHO-MATMATHYecKO# axTWeEsanum, C HeRt cea-
sago0 (opMEpoBaHHe paspadaTHBaeMoT'0 XHOMHOTOPCKOTO MeCTODOXNe-—
HEA ANaTETA ¥ KDyIHEX MeCTODOXNeHWi Xefesa H CIDNH B YABTpa-
OCHOBHHX-MEJOYHHX MACCHBAX ¢ KaploHatETamE (Kommopckoe ¥ IP. ).
" Ppap naneosolicKolf SnN0XH TEKTOHO-MATMATHUECKOA 8KTHBHBALME B
MeTAINOTEOHAYACKO) cCHemManusanuy MUTa 6me OKODHYaTENBHO HE BMAC-
HeHa, lMepm@ecs reoJOorMYeCcHMEe ZaHHHE CBUZETEALCTBYDT 0 BHCOKOMH
MEPCHOKTHRHOCTY B8O0H 8KTUBM3ANUM, NMONOK6HME M Py OHOCHOCTH KO-
TQpHX TPeGyDT ZaIBHEWWero BCeCTODOHHEro A3y WHHS.

Celiwac CTaHOBUTCA DUCBMZIHNM, 9TO B Nponecce (opuMupoBaHUA
XHGEIGKOI‘O MacCHBa CO3[aBaNach GIaronpHATHAA TeKTOHHYeCcKad cO-
CTAHOBKA KONBIEBHX ¥ DAIMANBHHX DASJCMOB JIA BHENPEHAT X KOHOO=
JRESNMA HATPYSH#t LeHTDANBHOTO THMA, TAKHX, KaK Kospmopcrkxit, Byo- |
PEADBMHCKER W IpyTHe NONOGHHE MACCHBH, JABNEE NDOMHNIEHHHE CKOI-
JeHuA MATHETHTOBHX, ANATHTOBHX H IPyIEX DyX.

318



T————

TakeM oGpasoM, ycTaHABIMBAGTCH, YTO COBPEMOHHHE M6 TA JIOIEHH-
Y6CKHE Y8PTH BOCTOYHOW 9YacTH BaaTMiCKOrD mMTa ABARKWTICA CJAEACTBMEM
DBONNLUOHHON HAOPABAEHHOCTM IE0JIOTMYSCKOI0 PABBEUTHA TEPPUTODUM,
00y CI0BABUOT0 MHOTOKPATHOO HAJOKOHWe DHAOTOHHHX M SKBOTEGHHEX [y 70—
TeHEDHPyDIMX OPOLECCOB, KOTOPHE NPMBEIM K COHAXOXZGHMD MECTODOKZE-
HU#l pa3iMydHX QopMaUMOHHEX TUNOE, 06pas30BaHMD HAGJIDJSGMHX METAN-
JIOTe HUYOCKMAX B0H M pYyZHHX yBJ0B.

3aK0OHOMEDHOCTY DaBMENEHMA O0pPYyZACHEHAR ONPEZEAANTCH MO0JI0OKEHUOM
MOTANNOTEHN YECKUX 30H, KOTOPHE MpPUyPOYEHH K NpOTU6aM, paszeldn-
M TEO0GA0OKM C pPaBAMYHHM I'€ 0ON0TMYECKMM CTPOGHAEM M COIDAXEHHHM C
KODOBHMH MJIi MAHTHAHHMM pasioMaMd. B npezesax 80H 0COGEHHD Gaaro-
npuATHE Augde peHUMPOBAHHEE CHSHL6BHG 1144YKM, HEPyUeHHHE DaspHB-
HHMM ZHMCAOKaLUaMM. Kak I 0T0KMATE TBHK (aKTop CI8Ay6T PacCMaTpMBaTh
CONpPAXKEHHOCTH CHAHLEBHX NMAYBK C N0ACEMM 08 8UT-TUnepOasUTOBHX, Ipa-

. HMTOAZHHEX ¥ ZpPyTHX MHTPysuit., CymecTBeHHH! METEPEC NpeJCTABAADT

yoIu nepece YeHUs BOH C pasiMyHOM MeTaANOreHMyecKol cneymanusa-—
nueit.
XapaKTepHO# uepTOll MeTANAOTOHMM JOKEMODMSA ABAA6TCA WHAPOKDE Npo-

. ABNGHHE CTPATHPOPMAHX MOCTODOKAGHM, OTKPHBANWMX HOBHE N6PCHEKTM-

BH AJA O0DMCKOB.
B SaKADYECHN® HE0GXO0ZMMO MOAYEPKHYTH, YT0 OPOBOZMMHIA KOMOAGKCHHMH
METANIOTe HUYECKU aHAAME HA (OPMANMOHHOH! 0CHOBE BHaWTEJBHO HO-
[0JHAOT HAWM BHAHWA 0 BAKOHOMEDHOCTAX PABMOWEHAs B [J0CTpPaHCTBE
M BpeMEeHH PA3HODGDAaBHHX MN0JAESHHX HCKONAeMHX Ha T6 PPUTOPHM BOCTDY-
HO wacTd BaaTuiicKoro muTa. S5T0 B CBOD 0YepeAsr N03BOJAAET (orlee
[eJeyCTpPeMIGHHO NA4HMPOBATH HE OIMEafuye roAn HAaOpAaBIEGHWE [OWCKOB
10Ne3HEX KCKONAeMHX, B TOM YMCJIe M He BHXOAAMMX HE ZHEBHYD No-
BEPXHOCTh,.
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AK.MH KK o0 Za (QUMEXAHZMA)
BAKOHOMEPHOCTH JOKAJMSALMM PYJHHX MECTOPOXJIEHMI
B JIOKEMBPUM QUHJIAHTMHA

AKMikkola (PFinland)
REGULARITIES OF LOCATION OF ORE DEPOSITS IN THE
FINNISE PRECAMBRIAN

Bce 4BBOCTHHE DyZHHe MOCTODOXEZOHMA QUHIAHAMM COCpPEZOTOYUe-
HH B ONpeZeleHHHX 30HAX, OTO CBABAHO CO CTDYyKTYpaM¥ BME=-
LADIMX N0POZ M I'éHO3HCOM MECTODOXZ6HAN,.

JloxeMO piiliCKMe 00pasoBaHAA OQMHIAHZMM COCTOAT M8 pas-
HODOZHHX SA6MEHTOB. I'IABHHMM M3 HHX ABJIADTCA apxe ACKMH
(QyHAAMEHT, CBOKOKApOIRCKME NOACA MeTaMOpfUUECHAX CIAHIESB
U OOyTOHH CPeAHeTD AOKEMODMA, MOBZHOAOKEMOpUACKAE NAyTOHH
panakuBM @ crado MeTaMopOMBOBE&HHHS [6CYAHMKM M CIAHOH MOT-
BUf, OCE8Z0YHHE M BYJIKAHOTGHHHE NOPOZH (yHZAaMeHTa M CBEKO-
KapeabCKue (QopuManuu. [Ia 30H XBPaKTODHO COWTAHWe CKIAZA~
YaTOCTM M pasiOMOB. B B0HaX pacnoJaramwTcd ZpeBHUE BYJAKaHM-
YeCKM6 annapaThH, C KOTOPHMM OHIO0 CBA38HOD DyA006pas0BaHue.
[lpoMHm e HER # MHTE pEC NPeACTABAAET TAKES MEHO-HUKGIS8BOS
OpyZileHeEMe B CBH3# C yIBTPAODCHOBHHMM METDY3MAMH. Boas-
WAHCTEO STHX MECTOPOXJGHM{ NOKaNi30BAHO B KDy NHHX S0HAX.
PaslOMOB COBEDO-38MaZHOT0 NpocTHpaEua. OHE 0TREYANT IIy-
OMHHEM MOZBAXHHM O0ACaM, 00 KOTODHM M3 M3HTUHAHHX MCTOYHM-
KOB BHOJDANMCH MGaTMi, K STOMy X6 NepUOAy OTHOCATCA HEKo-
TODHO® E6A630-TUTAHOBHE M XPOMATOBHE MOCTODOXLOHMA, ODHY po-
YeHHHG K S0H4M IAYyGUHEHX pasjoM0E, 4, HAKoHeN, TpyOoodpas-
HHE W EMIABHHE CyJb{U7IHHE MECTOoDOKAGHAA JanazHod QUEIAEARM.
QopuaiMy CUIbHO MeTaMop)MBOBEHH, CMATH B CKIaJKM M pacce-
yeHH pasJoMaMid. Bo MHOTMX CIyYasx MMGHHO DPABJOMH CIyzaT
TPaHMIaMy CTPYKTYDHHX SIEMEHTOB,

B apxeiickom ¢yHZaMeHTe MBBECTHH JMWL HEMHOTME MECTO-
poxpeEMa. Cpefiu HUX BHAENADTCA NOJOCYSTHE MEIHETHTOBHE
PyAs, CBASAHHHE C KBAPUATOBUAHHMM CIEHLAMH.

TnasHas 2M0XA ¥MHepAIW3auud OTHOCHTCA K CPOZiHOMY Zo-
KeMOpEw., HauGosiee BaxHHe .B NPOMHMIS HHOM OTHOWEOHHH MECTO-
POXJ@HHA OTHOCETCA K ByJAKAHOTEHHO-0CAZNYHOMy Tumy. OHM
pecnolarepTcA B Tpex rIABHNX B0HAX: B xHOA QUHAABAMM HA
nodepexnre QMHECKOrD BsalMBa, B pallode 0s8. Jagora (Boramuec—
Eas 80Ha) ¥ B JaniaEzuM (804® KuTTMIa). 3716CH DA 3BUTH H



NoAEMETALIMYOCKMO OyABDMAHNS MOCTOPORJOHHA, H MOXOCYEATHE
X61I68 0Dy AHHO,

PyzHHe MECTODOXAGHMA B CBOKOKADOIBCKMX IpaEHTOMASX
OY9Hb pejku. PyaHAs MAHODAIMBALUA 00HYHD CBABAHA C oCTET-
KaMH MeTAMOPMYOCKMX CHSHIEB CPOJM MMUI'MATHTEB,

B noyroHax pamAKHBH BCTDe Y0HA HONDOMME NS HHSH EMXEBHER
MUHepamMsamus Co casepuToM, raNeHATOM MAM KACCHTODMTOM.
OE8 KOHTPOAMPYOTCH TPONEEAMH,

During the last twenty years metallogeny has been the object of ac-
tive research in Finland, as elsewhere, particular attention was
being paid to the relationship between the location of ore deposits
and the structure of the bedrock. The ore-forming epochs duriag the
Precambrian period have also been studied, the impetus being supp-
lied by the work of the Comission of the Metallogenic map of Burope.

GENERAL GEOLOGY ‘

The bedrock of Finlend forms the central part of the Baltic shield
Fig. 1. (Bimonen, 1960). It is composed of geological units which
differ from each other both lithologically and structurally. The
Barly Precambrian basement is the oldest unit, 2.6 to 2.9 b.y. old.
It occupies large areas in eastern and morthern Finland and consists
largely of intermediate and silicic plutonics and gneisses. There are
also small areas of highly metamorphosed sediments and volcanics
intruded by granitoids.

The granulites in Lapland may belong to the Belomoridic some of
eastern Fennoscandia (2.0 to 2.5 b.y.) even though their radiometriec
age is 1.95 b.y.

The schists of the Svecokarelidic formation of Middle Precam-
brian age (1.7 to 2.5 b.y.) are met with throughout Finland. The

schist belts have recently been the target of systematic inguiry and
several academic dissertations have been published, It can be con-
cluded from these and earlier studies that all the schist belts of
the Svecokarelidic formation belong to the same geological epoch.

Plutonites of Middle Precambrian age consist of orogenic Sve-
cokarelidic rocks and anorogenic rapakivi granites. The small ultra-
basic and basic intrusions in the schist belts are members of the
former group. They are differentiated, at least partly, and form
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peridotite-gabbro-diorite bodies. In addition there are large
quartz diorite-granodiorite plutons especially along the bounda-
ries of the schist zones. All these rocks are considered to be
syntectonic,

Potash-rich microcline granites form the largest coherernt
massives. The process of metasomatic granitization and migmatit’
zation is closely connected with the emplacement of these lat .-
tectonic granitoids. The age of the Svecokarelidic plutonic rucks
is 1.9 to 1.95 b.y.

The anorogenic rapakivi intrusives occur in two distinct areas
in southern Pinland, the age of the intrusions being about 1.6 to
1.7 b.y.

The Jotnian sandstones and slates, deposited 1.3 to 1.4 b.y.

ago, have been preserved in two grabens., No ore mineralization is
known to be related to the Jotniun sedimentary formation.

THE LOCATION OF ORE DEPOSITS
Ore deposits in Finland show certain regularities in both space and
time.

REGULARITIES IN SPACE
The areal distribution of ore deposits in Finland has been discu-
ssed in several papers (e.g. Mikkola and Niimi, 1968; Mikkola,
1971, Mikkola and Vuorela, 1974). The data collected in preparing
the metallogenic map of Europe have been published by Eshma (1973).
A quick glance at the map (l"ig. 2) will suffice to show that the
known ore deposits are toncentrated in certain areas,.

This cannot be because geological research is more active in
some areas than in others; the whole country has been covered by a
1:400 000 geological map and several areas are now being remspped
.at a scale of 1:100 000. In geophysical mapping (aeromagnetie,
gravimetric and airborne electromagnetic) the density of observa-
tions is spaced more or less evenly over the whole country. Explo-
ration is of course directed to the most promising areas.

Several well-defined areas of concentration can be seen
(Fig. 3). Starting from the coast of the Gulf of Pinland there is an
east-west striking zome in the Sveocofennidic schist-belt. This zo-
ne is characterised by sulphide deposits of zinc, lead and copper,
but also includes a number of small iron ore deposits of different
origin.
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The next ore-bearing zonme runs northwestwards through the
Tampere area and continues in a northerly direction along the coast
of the Gulf of Bothmia. The zone is noted for its nickel, copper
and lead deposits.

The most important deposits are in the ore belt running from
Lake Ladoga northwestwards across Finland. The Lake Ladoga-Gulf of
Bothnia zone, called by Kahma (1973 ) the "Ma3in Sulphide Ore belt",
is about 100 km wide and 400 km long but obviously continues in both
directions beyond the frontiers of the country. The mineralization
in the zone is variable. The southwestern margin of the ore belt
consists of nickel-copper sulphide deposits, whose host rock is
generally serpentinite, peridotite or gabbro.

The central part of the Lake Ladoga-Gulf of Bothnia zone con-
tains large copper-zinc-iron sulphide deposits such as the Outokumpu
coppar deposit at the southeastern end of the belt and the Vihanti
and Pyh#salmi sphalerite-chalcopyrite-pyrite deposits at the other
end. In addition there are many ssaller massive zinc- and copper-
bearing pyrrhotite-pyrite deposits. All these deposits are located
in a sedimentary enviromment characterized by volcanic activity.

To the northeast of the main belt there are some iron deposits
of different origin, for instance the Otanméki iron-titanium-vana-
dium deposit.

The last 10 to 15 years have seen extensive exploration and
‘geological research in the far north of Finland, and the wealth of
fresh observations have given birth to many new ideas. The known
- ore deposits are located in schist zones that form two well-defined
areas. One is in South-Lapland and runs almost east to west across
the country. Geologically it is located in the southermmost part
of the Svecokarelidic schist belt of North Finland, which borders
on the Early Precambrian basement. The ore deposits are of diffe-
rent types, magmatic iron and iron-titanium-vsnadium deposits being
the most important. The Kemi chromite deposit is situated in the
southwestern cormer of the area.

The other area containing ore deposits is located to the north
of the microcline granite of Central Lapland. This, the so-called
Eitti1l8 area, is characterized by iron formations, the most exten-
8ive of which are of the banded type. Two copper deposits of econo-
mic importance have been found recently, one with bedrock of
greenschists and the other with bedrock of sedimentary rocks. Ultra-
basic and basic intrusions containing some nickel have accelerated

exploration in this part of the country.
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REGULARITIES IN TIME
The territory of the early Precambrian basement rocks contains only
a few ore deposits, none of which are of current economic impor-
tance. These rocks were mineralized about 2.5 to 2.8 b.y. ago and
consist of nickel and copper, molybdenum and iron. The iron ore is
of the banded type.

The main mineralization of the Finnish Precambrian took place
in three distinct stages during the Middle Precambrian. The first
stage was about 2.05 to 2.3 b.y. ago. The deposits are located in
the Karelidic schists, the most important being the copper-zinc
deposits of the Lake Ladoga belt. The sacond stage occurred 1.8 to
1.9 b.y. ago and most of the ore deposits are located in Svecofe-
unidic territory in South and West Finland. The nickel deposits of
the Lake Ladoga belt are of the same age.

The last stage of ore mineralization in the Finnish Precambrian
was that of the anorogenic rapakivi granite, 1.5 to 1.65 b.y. in age.
The deposits are of the vein type, but none of the kmown ones have
any economic importance. - The ages given above are mostly U/Pb and
Pb-FPb ages determined by Dr.0.Kouvo at the Geological Survey of Fin-
land.

LOCATION OF ORE DEPOSITS FROM THE POINT OF VIEW OF THEIR

GENESIS
In a broad sense the ore deposits of Finland can be divided into
five genetic groups. The most important group comprises sulphide de-
posits in a volcanic-sedimentary enviromment, which I consider to
be stratabound and of syngenetic origin. They cam be classified as
exhalative sedimentary deposits and occur primarily in the Lake
Ladoga - Gulf of Bothnia belt. The bestknown is the Outokumpu copper
deposit, located in the so-called Outokumpu formation, which con-
sists of black schist and quartz rock with serpentinites (Gaal et
al., 1975). The quartz r'ck, the host of the ore, has been inter-
preted as chemical colloidal precipitate (Huhma and Huhma 1970).
From recent sulphur isotope studies and the geological evidence
available it is inferred that the Outokumpu ore was deposited by
volcanic exhalations discharged from a fissire-type vent system on
the sea floor (Mikeld, 1974). Other significant deposits of the
Outokumpu type are Vuonos and Luikonlahti,
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The Vihanti and Pyhisalmi ore deposits at the other end of the
sulphide belt differ somewhat from the Outokumpu type in both metal
content and geological enviromment. They are massive polymetallic
sulphide bodies with sphalerite as the most important mineral. The
deposits are located in highly metamorphosed schists with a much
higher content of volcanic material than those inm the Outokumpu
region.

Two strata-bound copper deposits have been found recently at
Kittild in North Lapland. One of them is in greenschist, the

 other in black schist. Sedimentary deposition in a volcanic envi-

ronment is suggested. The radiometric age of mineralizations of
this type is 2.05 to 2.3 b.y.

The second _§onotic group comprises nickel-copper sulphide de-
posits associated with ultrabasic intrusions. As already mentioned
there are two distinct zones containing deposits of this type:
the one in the Tampere area and the main nickel zone along the
southern margin of the Lake Ladoga belt. The latter has been discu-
ssed by Gaal (1972), who called it the Kotalahti Nickel belt after
the Kotalahti mine.

The third genetic group consists of chromium and iron-titanium
mineralizations. Unlike the other two groups the known ore deposits
of this group are distributed irregularly over the country. Some
of them are situated in layered basic intrusions, such as the Eemi .
chromite and the Mustavaara ilmenite- magnetite deposits, which are
associated with sill or dyke-shaped bedies of gabbro and anorthosi-
te. Yot others are reprsented by the magnetite deposits in the ore
sone. of South Lapland (the Misi area), where they form stocks or
stratified lenses mainly in serpentinites or gabbros

Iron ores of banded syngenetic type constitute the fourth
group. Ore deposits of this type occur in several schist ‘belfs, but
the 1 majority are uneconomic in either size or grade. The Huhus de-
posit in southeastern Finland is composed of Early Precambrian iron
ores in quartzose schists. In Kittild greenschist area there are
several horizons of banded iron formation of NMiddle Precambrian age
that are connected with the sedimentation of tuffites and other vo;.-
canics. Magnetite is the main ore mineral, but the iron can also
exist as carbonates and silicates, Only one hematite deposit is
known (Taporova at the western margin of the Kittild basin).

The Jussard quartz-magnetite deposit om the coast of the Gulf
of Finland is situated in Svecofennidic banded and folded metavolca-
nics and metasediments.
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The fifth group is made up of epigenetic deposits of magmatic
origin. These are stock-, vein- or pipe-type deposits containing
copper, lead, sinc, tin, rare earths, etc. The most important of
these deposits occur in Svecofenn.dic schist zones or close to
their margins, A noteworthy feature is that no such deposits are
known in the large granitoid areas in Central Finland and Lapland.
The only ore mineralization in these areas comsists of pegmatites
with some lithium, beryllium, and other minerals.

In addition to these five genetic groups there are deposits of
various origin, for instance several small skarn deposits contai-
ning both sulphide and oxide mineralization. Some of these skarms
are metasomatic, and some are reaction skarns due to regicnal meta-
morphism. The best representative of this group is possible the
Karsikumpu copper deposit on the southeastern margin of the Lake
Ladoga belt.

STRUCTURAL POSITION OF THE ORE ZONEF
As already stated the ore deposits are restricted to certain areas.
Data of 25 characteristic festures in 270 ore deposits or showings
were registered to study more throughly the correlation between the
location of ore deposits and different geological features in their
surroundings. The information includes the four most common rock
types connected with the ore body, the metals and their content,
structural position as related to folds, faults, and contacts, stri-
ke and dip, etec.

To avoid being misled by maps based only on the number of
deposits the guantity of metals per km ™ 1is estimated on the basis of
facts available, Figures 4 and 5 show the areal distribution of
sulphur, iron, copper and nickel, They show the concentration of
metals in certain areas. The trend of the zones of concentration
corresponds to that of the metallogenetic map.

The corraelation of ore daposita and metallogenetic zones
with the structure of the bedrock has been the object of keen inte-
rest since the 1950fs. New information is supplied by tio@d obser-
vations, aerophotos and maps, satellite imagery and geophysical maps.
There is evidence of the existence of extensive linear zones that
coincide with geological features as well as ore zones.

Application of the slightly simplified geological map to the
bedrock in Finland shows that several of the rock units have almost
linear borders, which often also show the trend of the lithological
units, This gives an impression of blocky structures. Especially
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large plutons and the early Precambrian basement stand ocut clearly.
Metasediments and metavolcanics exist as conform zones between the
plutonic blocks. It has been shown (Teisseyre et al., 1969) that
the block movements caused fracturing parallel to the block bounda-
ries.

Lineament maps based on topographic maps, aerocphotos, photo-
mosaies and satellite imagery when available, are currently very
popular, Fig, 6 is alineament map covering the whole of Finldand.
The concentration of linear features is shown in certain szoues,
many of which correlate with the fault zones on Fetrov's tec.inic
map (1970) of Earelia. Some of the linear features continue west-
wards into Sweden and Norway.

The interpretation of geophysical maps shows similar linear
features that coincide with the linears mentioned above.

Intense movement has takem place in the zonmes between the plu-
tonic blocks, or between them and the basemeni. They exhibit frac-
ture and fault deformation and folding, all of which are common and
conspicious features of syngemetic ore deposits.

Some regularities can be found if the genetic ore groups given
earlier are correlated with the structure of the bedrock. Group one
consistes of syngenetic, exhalative sedimentary and probably exhala-
tive hydrothermal, sulphide deposits, The ore deposits of this type
are located in two areas, the Lake Ladoga belt and the Kittild area.
In both areas the bedrock is composed of metasediments and metavol-
canics, The linear features are concentrated in these areas and the
different trends intersect one another. Gravimetric throughs exist

_in both areas. Geologically they are situated close to the pre-

Karelidic basement. Kahma (1973) has suggested that the ores in the
Lake Ladoga belt were separated into formations mainly volcanic or
sedimentary, or both, which had risen up close to the pre-Svecoka-
relidic continental shelf. These formations may correspond to an
island arc after the plate-tectonical model. The same interpreta-
tion is possibly also applicable to the Kittild area.

The second group consists of nickel-copper. sulphide deposits
related to ultrabasic and basic magmatism. The material for these
intrusions is believed to originate from the more basic sections
of the crust. The deep-seated fault zones may have opened up routes
and supplied sites of final deposition for these intrusions, Thus
they should indicate the existence of fault zomes, as in the
"Kotalahti Nickel Belt" described by Gaal (1972). Another heavy
concentration of fractures and a zone of lineaments exist in the
nickel zone of the Tampere area. The location of the nickel deposits
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seems to be connected with these features as it is also in the
Eotalahti zone. )

The chromium, iron and iron-titanium deposits of group three,
which are associated with gabbro-anorthosite intrusions, are lo-
cated along fracture trends or at the intersection of the fracture
zones, A

The banded iron deposits of the fourth group are situated in
metasediments and metavolcanics. Their location depends on the
existence of the sedimentary basins and the conditions prevailing
in them during sedimentation. Research is underway to establish
the most favourable horizons for the banded iron formation in both
the pre-Svecokarelidic and the Svecokarelidic sediments. ;

The regularity of location of the fifth group (stock, vein and
pipe deposits) is related to the structure of the bedrock and the
igneous activity favourable for deposition. The location of this
type of ore mineralization comes in the field of fracture tecto-
nics, and lineament studies can be applied to aid the detection of
the favourable areas.

CONCLUSIONS
The location of the known ore deposits shows a certain regularity
which depende partly on the time of mineralization and partly on
structural and lithological factors, There are four epochs of mi-
neralization: 2.5 to 2.8 b.y. old, 2.05 to 2.3 b.y. old, 1.8 to
1.9 b.y. and 1.5 to 1.65 b.y. Most of the deposits of these groups
are located in the terrain of the respective geological tormation.
The most obwvious lithological dependence is revealed in the synge-
netic deposits of volcanic-sedimentary origin and the deposits
connected with ultrabasic and basic intrusions. The former deposits
are most likely to be located in the mobile zones between the base-
ment and granitoid blocks. The zones are remnants of ancient sedi-
mentary basins characterised by vigorous folding and faulting. The
location of stock, vein and pipe deposits is controlled by fracture
tectonics. The fractures seem to be concentrated in and along the
margins of the mobile belts.

The positive correlation between the location of ore deposits
and fracture zones has long been known, also in the bedrock of Fin-
land. In this country, where the bedrock is covered by glacial de-
posits and lakes, direct geological observations on fracture zones
are very rare. A new tool for this research if offered by satellite
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imagery. These studies, when further developed, will provide an
abundance of data also for the exploration of new ore deposits.
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I‘.A.Txanqpenunaa,n.n.mernnn(CCCP)
METAJTOTEHAA CPEZMHHHX MACCUBOB

GiATvalchrelidze, AD.Scheglov (USSR)
METALLOGENY OF MEDIAN MASSES

1. Median masses are fragments of Riphean and older platforms
in geosynclinal belts. These form stable blocks outcroping
onto the surface or overlain by young orogenic sediments. Me-
dian masses consist of rocks of the Precambrian crystalline
basement, various magmatic and sedimentary rocks contempora-
neous with those of adjacent geosynclinal zones, and newest
molasses. Median masses divide geosynclinal belts and areas
into systems and play in a geosynclinal process a passive role
of a rigid barrier. Median masses vary in size from minor to
really great ones. There is a direct relationship between the
size and subsequent tectonomagmatic reworking of median masses.

2. Metallogenic characteristics of median masses largely
depend on the development of major structural stages. Thus,
metamorphic and metamorphosed mineral deposits (iron, pyrite,
precious stones, graphite, etc.) are related to the ancient
period of the basement formation; deposits associated predomi-
nantly with orogenic magmatism (pegmatites, rare metals, iron,
lead and zinc, etc.) are related to the period of formation of
adjacent geosynclines, a mixed assemblage of non-ferrous, rare
and radio-active metal deposits of various genetic types is
associated with the period of subsequent tectonomagmatic acti-
vation,

3, Mineral deposits of the basement of median masses are
rarely commercial. It may be suggested that they were mostly
destroyed during repeatedly superimposed processes of metamor-
phism.

4, The geosynclinal process involving zones adjacent to
median masses was manifested within the latter in different
quality. Thus, within the older median masses, sequences con-
temporaneous with geosynclinal ones have lesser thickness and
weaker dislocation, being represented predominantly by epi-
continental sedimentary formations. Volcanogenic strata are
developed there to a lesser extent, but, unlike them, synoro-
genic granitoids often are widely distributed. These are accom-

337



panied by important postmagmatic deposits of tungsten, tin,
rare metals, lead, zinc, copper, etc.

5. Abgndant hydrothermal, volcanogenic, and telethermal
deposits of rare metals, copper, molybdenum, uranium, gold and
silver, lead and zinc, fluorite, mercury, and antimony are
associated with processes of the tectonomagmatic activation,

6. The Dziruli massif which is an exposed basement of
the Tranascaucasian median mass will be wisited by participants
of one of excursions after the sessions. Precambrian schists,
amphibolites and gneisses are exposed in its central, most
uplifted and eroded part. The Paleozoic in the Dziruli massif
is represented by ultrabesic, gabbroic, and granitic rocks.
Talc and serpentine deposits (Tsnelisi,Chorchana, etc,) and
pegmatite veins in basic rocks are known within the older for-
mations, The Dziruli massif of a rock assemblagy contempora-
neous with geosynclinal formations of the Greater Caucasus is
accompanied with non-metalliferous minerals and coal deposits.
The unique Chiatury and some other sedimentary manganese depo-
sits as well as hydrothermal manganese, silexite, zeolite ma-
nifestations, etc. are related to the Paleogene and younger
activation of the Dziruli massif. All these deposits are con-
fined to the orogenic formations of fault-associated depre-
ssions,

[oEATHe § CPEZIHEHHX MACCHBAX CIOEMAOCH 6me HA B88D6 yEHUA 0 IEDCHUH~
KAMBESIAX, KOTAS 0HO Ouxo c@opumyzmpopaHo Kodepom (Zwischengebirge).
BogcaesACTBMM BT0 NOHATHe OHI0 ZOMOJHEHO, OAHAKG [0 CymWECTBy M celi-
W@C QTCYyTCTBYOT 00mMENPHHATOE onpejieZeHMe HAEMMEHOBAHAA "CpeZMHHHMN
uaccup®, [OCKONBKY COOCMEHHE 'MMBOT YMCTO M6 TaINOIeHH YeCK08 Cozep-
x8HHe, B HeM H@ 0CTAETCH MECTAa A 0CBONOHMA DABAMYHHX TOUGK 3Pe-
HWf HA OpUpoAy 3Tod KaTeropud recHoTUYECKUX CTPYKTYpP. MH MUX IOHM-
MBOM, KAK 0CIOMKH ZI0KeMODHUCKMX (ZADEBHEMX M snuOBAKaIBCKMX) nJaT-
Gopu, pacnoXoxeHHHG BO BHYTPOHHMX YaCTAX G0N66 MONOAHX CKA&Z Y THX
o6macredl (repUMHCKMX, ME3030HCKUX MIM &IBNUHECKEX).

[ipy TagRoM onpejeeHEM 88 NpPeZieJAMHA HACTOAMErQ aHaIdsa 0CTANT-
CH apxe#CKMe sApa nNpoTEPOosOHCKAX CKAAZYATHX o0iacTell, TaK X KaK
¥ naneoselickHe, BAKINYOHHHE B KMMMEDHACKMX ¥ aJBNUACKAX MOGHIABHHX
nofAcax. [lepeEe M8 HAX BXOZAT B COCTAB APEBHUX MUTOB, METa IMOTEHAD
EOTOPHX TPyAHO pacWIeHMTH HA COOCTBEHHD nuaTdopMeHHYO ¥ CBOHCTBEH-
HyD CpeAIMHHHM MACCHBAM, 8 BTODHE CH6Ay6T OTHECTM K OCTaTOYHHM
UM OMOKOBHM Te08HTUKAMHANAM, ODTE NOCIBJHWE MO0 CBOGH TOKTOHMYEC—
Keft 1 MeTEJNOreHUYECKOH XApAKTEPUCTURE GAMBKM K CPEZIMHHHM Maccu-
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P——

BaM, HO 0TIAYEDTCH 0T HMX Golbmeldl MOzBHXHOCTHK, BCJAGJACTBUE YerD
00HYHED BXANYANTCH B COCTAE IEOCHELJIMHEASH.

MH noJHOCTHD 0TZaeM ce(eé 0TYET B yCAOBEOCTH NMPUHATOIO OIpeze-
IEHMA CpPeJMHHHX MAcCHBoB., TaKk, B CAyY86 WBMOHEHHMs NPeACTaBJeHMN
0 Te0I0THYECKOM BOBpacTe (yHASMEHTa TeDCHEKAMHAABHENX CHCTEM, KAk
5T0 MME6T MecTo B Kupmexupcrod, T'alaTCcKoM M APyrax AHATOXAHACKUX
MBCCHBAX, OTHOCHMMHX COBDOMEHHHMM MCCIEZO0BATEIAMA HE X ZOKeMODHD,
8 K [87e0800 ¥ JAE6 M63030D, WX HOJE8A C WTATH CPOZMHHHMA MacCH-
BaMi, NOCKOIBKY OEM H6 COOTBETCTBYDT NPHHATOMYy onpezedenun. Tem
He MeHee, 0CTaBiff HEfCHHE BOMDOCH ZJA ZAJAbHe fiwe#d zeopal 0TKU, MH
COXpaHféM B KayeCTBE OCHOBHOTD NPUBHAKA CTPYyKTyD ZaHHOT® THna Zo-
Ke MGpuiickaR BospacT ux QyHpaMeHTa ¥ naaT@opMoMzHHE X&pakTep mo-
CleZyDMMX BAKONIGHHMN.

CpezMEANS® ME8CCHBH, KAK BTD yCTaHOBAGHD B MBBECTHHX DaGOTAX
H.C.DaTckoro, pacuwleHENT NeO0CHEKIMHANGEHE (CKIAZYaTHE) m0Aca M
06I8CTH H8 0TAENBHHE CHCTEMH. [I0CIGZHM® NPK AHANMABO Dy Z0HOCHOCTH
NpMHATO AMEEOBATH "METANNOIreHHUSCKMMM NpOBMEOMAMM", OfHaKD OpH
TAKOM NPUHOMNE D8HOHMPORaHMA 0CTEETCHA HEACHO! NPMHAZJNEXHOCTE K Co-
CTABHHM YBCTAM I'6OCHHRARHAABHHX 06Z8CT6ll CaMAX CDeZMEHNX Maccu-
BDB, Y WATHBAA CBDO0Gpasie MX TEKTOHHYECKOrD CTDOGHHA H DyAEoH
MUHEpalIu3alUd, MH CUMTAEM NeJeco00pasSHHM CDEZMHHHE MacCéBH 0THo=
CUTH K CAMOCTOSTENHHHM MOTAINOIeHMJECKMM MDOBMHLMAM.

CpexMHENG MACCHBH B 0CmGM CXy Y86 NOCTDOGHH TPEMA DA BJIM THHME
reoNOrMYeCKMMA KOMONEKCAMU: MeTaMOPHUUECKAMA NopozaMy (yHAaMeH-
T8, 06pa30BAHMAMYM DCAZO0YHOTD USXJA, CHHEXDOHHOIS C HARONNGHUAMH
CONpe 8 ABHHX I'60CHERAMEaZG!, M OPOTEEEHMM MoJaccaMi. Kaxpuil us
0TME WHHHX KOMOZOKCOB COOTBOTCTRYy6T 0TZEILHOMy CTDyKTypHOMYy 2T&-
Ey 4 BOSHMK B 0NP6ZI6N6HHHX Ie0JOTMYECKHX yCHoBMAX. OHM DaBJ6 e HH
PEBKMME HECOTTACHAMHM ¥ OTAHYADTCA ONEE OT NPyroro Kak OO0 XapaKTepy
M MHTEHC MBHOCTHM CKI&ZYSTOCTH, TAK H N0 COCTEBY ¥ MONMHOCTH 0C3A0%
HHX ¥ MBTMATHMYECKHX NODOZX.

QyEZEMEHT MOCTPOGH ZOKEMODMACKUMM reOCHMHEAKHSIBHHMHM (QopMauMa-
MM, HCOHTABOMMA MHTOECHBHHE CEKIAZWETOCTH M MeTamopiusm, OHM moi-
HOCTED COOTBETCTBYDT (JyHAaMeHTY oonpuuinoi nnat™opuu, WCTE
K0TopoR OHM M OpEJCTEBAANT,0TAXY8ACH AMNG C0MBe METOHCHBEHM OO0
ClEZy DMMM, HANOEGHHHM METEMODYUSMOM, CHPOBOLHMPOBAHHHM TEETOHMYEC-
EHMH JBMXSEAAME conpam:iin‘ MOJNIOZHX TI'eOCHHKAMHANBHHX CHCTOM.

JauTHBaA HANPaBIe HEOCTE COOOMEHHS, MH CTDEMAMCH, IO MED8 BO3MOE-
HOCTH, NPUEOAMTE MPEMEDH 010 KaBkasy ® IMms WSPOZKa A6IATH G0MBE
A8I6KHE SKCKYDCH. KasRas 3 CallKausCKOM QUENG, OO0-BUZMMOMYy, 3
TeUSHHE BCEr'o pUJes, TAK X6 KAK M CONpezeasHHe ofiacTH BocTousoRt
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Emponu u [lepeaHelt Asuu, npezcTaBial coGoil 0OWMPHY D Te0CHHKIWHAIB.
B ee 0TA@ABHHX YACTAX MPOMCXOZMIAD HAKONJOHME MOWHHYX TOPPUTEHHHX
IU60 BYJIKAHOTOHHO-DCAZ0YHHX 0CaZK0B. [l0CH6 KOHCOAMZALNMA T'80CHH-
KAMHAIM B paHHeM KeMODHM BOSHMKJAA TpoMazHas 2munja THopMeHHan
CTPyKTypa, CBUAETENAMA KoTopoli ABIAKTICA He MCIHTABHME AAJEBHE i—
weli pereHepalMM I'e0CHHKIMHAIBHOTD pexuMa uacTi Musmiickoi,
Cxuperoit ¥ TypaHCKO# naur, Pojonckult, AHaToaufickue, lpaHo-AQrak-
CKMe W 3aKaBKaBCKMNl maccusH, Apasuiickas nuarfopuma. KpynHhe o06-
JIOMKM snubalixaibckoll niasTdopuu, B pAaisHeliwedl cBoedl MCTOPUM B

CHNy KpyOHWX DABMOBDOB COXPE&HMBEME CTACWABHOCTH, HHHE BHCTYNALT

B KaueCcTBe (aitKAABCHUX CTPYKTYP ¥ [peZCTaBIALT coGoit Xopowke o00BeK-
TH AJNA pacuu@poBEM 2Toll 0TZaleHHOW MCTOpHM. MeHee BHAUMTEINBHHE
YaCTH HOKOTZ@ 67MHOM miaTdopMH, BaXBaueHHHWE BHA wAJe naneosofickoi,
a BaTeM M MeB0B0ACKO-Ka#H030/ACKO) Ie 0OCUHKINEE IED, OKA3AIUCH
nepepacoTAHHLMY AAJBHeHMMMM TEKTOHMYECKUMH ZBMEGHMAMU. [IDH BTOM
MEJK 6 MX OGJOMKE BHCTyNamT B KauyeCTBE fflep AHTUKIMHAIBHHX CTPyK~
Typ DABHOTO THNA, 8 G0Jee KpyOHHe [1peACTAaBIANT coGol QyH7aMeHT
CpeAMHEHX MB8CCHBOB. 3A6CH (aliKAARCKOe OCHOBAHME MOJNHOCTEHD Nepepa-
G0TaHD, MMPOKD NPoABAGHH naneosolickue M eme G0Jee MOIOZHE I'paHu-
TOMAH, 8 ZoKeMOGpHHCKME 0CAAOYHHE MOOpPOAH NPeBPameHH B KpPUCTAaJk—
YECKME CHAHOH, QUIIMTH W 8MOHCOIATH.

Bropoff CcTpyKTypHLil 5TAX CPEAMHHMX MaCCHMBOB — O0CAZ0YHHA WX0X
CIOX6H 0CAJI0YEHMA M DeZK0 BYJIKAHOIS HHO-0CAZ0YHHMM (QopMamuaMM,
0/IHOBOBPACTHHMM C 0CAZKAMMA, BAKONNOHAHMMHA B I'é OCHHEIMHEAJEHHX Oac-
ceffiax, 00paMAFDMUX CPeZiMHHMe MaccuBH. Ha KaBkase 9TM NOCI6ZHME
o6pasoBanuck B paHHell ppe, 8 MAKCHMMEJBHOTD p&3BUTUA ZOCTUIIM B
noszEeM MeAy M NaneoreHe, B oTaWYile 0T THONYHO Ie0CHHKIMHEJIBHHX
GopuManuil Ha CPOAMHHHX MACCHBAX DAsBMTH MOAOTNOCKI2ZYaTHE SNMEDH-
THHO HTaIBHHE 0CAAKHM yMepeHHoM MomsocTH. Tak, B 3aKaBKasCHoM Mac-

_CHBO MH MMOGOM N0 C MAaIOMDNHHMK 0TI0EeHMfMM Xeltaca, mopdupuroBo it
CBATOR Calioca A zalee — C MOJHHM pABDPE3OM KApOGOHATHHX 0TI0OXeHMMH
Mesa, OHM OTAMYHH 0T G0I66 MOMHHX, WHETOHCHUBHO CKIAZYATHX 0TI0XE-
HUfl, paSBMTHX B I'e0CMHKIMHEAJNEBHHX cucTemax Loxsworo # Mazore Kas-
K888, M OTHOCATCA K MHHEM (QopMaijiaM.

TpeTuil cTpPyKTypHHH BTAX NOCTPOeH OPOreHHNMM Monaccamu, mopolt
BOCHME BHAWATONEHOM MOmHOCTH. B SaKaBKABCKOM MACCHEE 3TH 06pasg-
BaHWA DABBUTH B BOCTOYHOM M samajHoM DOTPyXEHMAX, IA6 OHM Opep-
CTaBIANT HAKONNGHMA MOKTODHEX BnajMH - KypHHCKoM ¥ PMoHCKoH.

Ha pansHeitmeM HpoZoIXeHWM MACCHBE B 060MX HANpABIEHMAX pAcCHEIe—
X6HH rayOoKoBojHHe DxEo-Hacnuiickas W YepHOMODCKEA BONAZMHH, B Ope-
ZONAX KOTODHX rPAHMTHHE CI0# seMHDH KopH MONHOCTHD PeAyLMDOBAH,

340



MeTainore HWYeCKME 0COGEHHOCTH CDeZMHHWMX MACCUBOB DIPEZe IADTCH
npouneccaMy, CONPOBORJEVNMME (OPMADPOBAHME TPeX UTME WHHHX CTpYy K-
TYyPHEX aTaxeils B AAMTENBHHY mepuoj pasBUTUS JpeBHEl Ie DCHHKIMHA-
JId, POZI0HE YAIBHOM ZJA OOPoA QyHASMOHTE, BOBHMKAIM MECTOPOEAEHUA,
X4 paKTepHHE IR ZADEBHUX MUTOB (MeTaMopfus0B&HHHNE NepPBUYHO-0CA-
A0YHHE MECTOPOXJ6HMA IpaguTa, XeN63HHWX DyZ, CEDHOID KO0JYBJaHE;
1erMaTUTH # Ap.), HO B 0TAMYME 0T [OCIABAHMX OHA OGHUHO 9acTHWHO
WAM NOJIHOCTHD PEAYLUMPOBEHH B Pesy ApTATE NOCJASAYNMAX MeTaMopdus-
M3 U rpaHNTHBaIMMA.

B nepuoz pasBHTHA COMNpEAEABEHX I'6 OCHMHKIMHANBHHX 30H CpEJHH-
HHE MaCCMBH YACT0 2axXBATHBAWTCH IPOLECCAMM MATMETHBMA M pyAcoGpa-
80B3HKA, 376ChH NPOABAANTCH OCMABHNR rpaEMTOHZHEHN MATMATASM H
CBOKCTBEHHAA GMy METaAAOrOHAA DEJKMX METE8II0B. [JAA MHOTHX M&CCH-
H0B XapaKTepHH MejHOo-NopQUpPOBHE MECTODOKAGHAR C MOBHWEEHHMY CO-
ZIepEAHUAMM MoIMGA6Ha. 9718 pyZHas QopMauuA 0OHYHO BOBHMKAET B 0po-
reHHHE 2TANH PasBUTHA CJAOKHHX ByIK&HO-I.y TOHWUYSCKHX NO0OACOB, I7
0H8 BCEIJla IMeHeTUYECKM CBAB38HA C GAMBMNOBEPXHOCTHHMM MORIOHAT-

W rpaHozuopuT-nopdupamu, HauGomee TUNMYHEMM CTDYyKTYy paMM, BMEmAN—
WUMM MECTODORZGHMA ZaHHo# dopMmanuu, ABAADTCA 0CTATOYHHE I'60&H Th-
KAMH&IM, HO OHM BCTPEUANTCA M B TUIMUHHX CPeZWHEMX Mmaccusax (naa-
70 Konopazpo, [lanHpHCKMit MaccuB). [IpexcTaB.fAeTCHA BECHMA CyLECTREH—
HHM, YTO €CJH B TI'€08HTUKIMHANAX OCTETOYHOID THNE MOJHO-MOJUGZEHO-
BHE MECTODOXZEGHMA 06pasywTICA B 0DOTEHHHE 2Tamk COOCTBEHHO Ie0-
CAHKIAHANLHOTO PE8BUTMAR, TO B CPEMHHHX MSCCHBEX MX BOBHUKHOBE-
HN@ 00A38HO0 MPOLECCAM TEeKTOHO-MAruMaTHYeCKON aKTHBM3aLMM, NpHUEM,
KaKx npaBuJio, nepeol crazuK¥ 8TOr0 npoyecca. [IpUMEpOM MOTYT CIYyXEATEH
MECT OPOKI6HUA [[AHHOHCKOIO M8cCuBa, OTHOCAMMECH K [103[HEDOLEGHOBOMY
BO3pacTy, TOrZA KAk OCHOBHAA MAacca CBHHIOBO~OHHKOBHX, B0J0T0-
CepeOpAHHX M DTy THO-CYDBHMAHHX MECTOpOEAeHMY BTOpOH CTEAMM 8KTH-
BUBENMM 3HAUATENEHD G066 MOJOZHE — MMOLEHOBOTD ¥ NJAMOLEHOBOID
~ BOg3pacTa.

Bropolt nepuep pasBUTUA CpPeAMHHNX MACCHUBOB COPOBOLNMPOBEH TEKTO-
HAYECKUMA ZB/AMEHMAMN, 0CAJKOHAKOMNIGHMEM M M&TMaTH3MOM COOPEAE]Ib—
HHX TeO0CUHKIAMBANEH, W M0O9TOMYy METAJJOTeHMA erc GJUBKa No Bospac-
Ty B TANy K Ie0CHHKAXHANBHOM MeTalnorenud. Tak, MmaccubBu Tuxooxe-
GHCKOTO MOACA COZEPEAT MPOMMYUECTBEHHD MOCT OPOXIEHMA 0JI0Ba,
BoasdpamMa U soaoTa, 8 CpesMBeMHOMOPCKOIOD — MEZW, CBAHUE M LWHKE,
MHOTZE MoaKMGAeHA. OZHOBPOMEHHO MECTODOXA6HWA BTOpDOTD HepUoja He
06HApPyEMBENT yHACAEZOBAHHOCTH 0T METANJOTEGHHM (QyHAaMeHTE ¥ BCerja
pesKe pasAuyEHd KaK M0 CocTaBy, TAK M I'eHETHUYECKH,

TpeTuil mepuoz pasBUTMA CPEAMHHMX MACCMBOB B METAJJI0I6HKWYECKOM
OTHOWE HAW NP ACTEBJUAGTCA INABEHM, NOCKOJIBKY K HEMy NpUypodeHo 06—
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pasePaEHe HAMCOZE® KDPYNHENX M MHOTOWMCI@HHHX PyAHHX MECTODOXAGHMI,
K8K DHEJOreHHHMX, T8K H DRBOreHHHX. lIX cocras, KaK Ham NpeACTaBJAET-
¢cH, B SHA WTOAbHO{l CTENeHM )y HACAEZ0BEH 0T BOSHMKWMX B MEPBYD cTa-
AND, HO MMODTCH M.coenudHvecKMe 0C0COHHOCTM, ONPeASUA6MHE B NOp-
BYD GY6PeAs MOCH60BATOABESH CMEHOM KMCIHMX MArM OCHOBHHMH. Bce
MOCT UPOXZI9HMA CBHENAE M LMHKA, 80J0T& M Cepedpa, CyDEMH, DTYTH M
ZAPyTHX MOCTAIN0B, X8pPAKTODUSYNNHE METAJIOIreHAD D& 3IMHHX CPeguE-
HHX MSCCMBOB, HO MMODT CBASM C IOOCHHKIMEANBHHM NMPOLECCOM, @ A0IE-
EH OHTH OTHeCOHH K TOKTOHO-MATMATMYECKON aKTUBMBALMM, ITH ZBE
OpOLecca — reQCHHKAMHA/BHNA M TEKTOHO-MArMATMYECKOM aXTUBMBELUA -
no cBpeft HANPaBNEHEECTM NPOTMBONONOXEH OJWH ZpyroMy. Ecin nepsxit
48 HHEX BOJ6T K B8DOURZGHMD M HapAMMBAHAD KOHTMHOHTAIbHOM SeMHOM
KOPH, B B' Y8CTHOCTH 66 TDAHMTHOTO CI0A, TU BTOPOR 00yCA0BJMBAET
JHEMYTOXOHMO® KOHTHHOHTANbHOM KODH, NOZABOM IDAHMOH M M B KoHO WHOM
cuyeTe - OHeaEMBaumHD. [lpomecc aToT ZAJN6KD He BCOrja AOXOAMT Z0 KoH—
08, BCIeACTBH® U6r'o MH MMeeM BOBMOXHOC.b HAGADZATE B NpejleAX
COBPOMOHHNX I8 THOPM, CEISAUATHX 001acTell ¥ CPEAMHENX MACCHBOB
NPOAYKTH 0TAGABHNX CTAZMN SKTHBMBAMM.

MecTopoxzeHEA CpEZMHEHX MACCHBOB, BOBHUKARMME B rpem nepuoz
BX paspdTMA, YECTO OTHOCATCA K BYAKAHOTEHHOMy THOy M IpeACTEBIE-
HH M@TAANAMH CDOAHMX M OCHOBEHMX MarM, CymecTmyeT HpeACTaBJEHKE ,
YT9 NGPBOMCTOYHMKOM PAiZi@ SKBOTEHHHX MOCTODOXAeHMU melesa M MapraH-
08 ABAgeTCH ByARaEMsM (I'.C./lsoneEuzse). [[pMMepoM TAaKOBHX CAYKMT
HBBECTHO® PaTypCKDe MOCTODOXJ6HMe MaprasLd, PacH0’I0u4e HHO® HE mepu-
(epum Jlsupyasckore Maccusa, [0 cnocoGy oGpaspBaHUA 0HO ABJIAGICH
THORYHO DCEZ0YHHM, 8 MCTDYHMKOM METANJA, BOSBMOEHO, CAYyEWI By IK&-
HHSM, CTOXb AKTUBHO pasBMBUEACH B conpezeasHoif Azxapo-TpuaieTckoi
TOOCHHEAMEAAN,



Xe#xkku [anyHEeH (QUBIAHAMA)
BOMPOCH TEHE3MCA CYIbOUHHX MEJHO-HUKEJIEBHX
MECTOPOKJIEHAN B WEHON ©UHIAHZMEA

Heikki Papunen (Finland)
GENETIC ASPECTS OF THE SULFIDE NI-CU
DEPOSITS OF SOUTHERN FINLAND

 CyasQuzHNG ME7HO-HAKEJNeBHE MECTODOXZI6HMA COCTE&BIAKT
OZMHyD TpynOy CpeAM AOKEMODUUCKHX DyZHHX MECTOPOEZeHMM.
[IpoGreMa KX reHesuca MMEeT (0JbU0E 3HA YGHWE ANA [03Ha=
HUA MOTEINOI6HAH AOKeMGpHf.

B UxHO# QUHIAHAMM HEXOAMTCA HOCKOJBKO MeZHO-HMKele-
BHX CYJB)MAHHX MECTODOEAGHME B MBBEPKEHHEHX NOPOZEX OCHOB-
HOT'0 4 yABTPaoCHOBHOTD cocTasa, Tela GasuT-runepcasHTos
06pasywT COBEpUEHHD ONpejesieHHHEe NOACA; ABA M8 HMX HauG0-
7166 WHTOPECHH., C risBHEefimMM HMKEJNGHOCHHM OOACOM CEfSaHH
YeTKHE 8HOMAIMM CHIH TAZECTH. TaxkuM o6pasoM, HUKENOHOCHHE
Tela 0CHOBHOTD COCTaBa 00HApyXMBAKNT COBOPWEHHO 0NpPEZeA6H-
HO8 NpPOCTPAHCTBOHHDE pACHDPOCTPAHEHHO. ;

HMKeas paBEOBECHO DaCNpezelieH MEXZy COCYMECTBY DUMME
CyJABQUZHOR M ChAMKATHON jasamu. CO76PEAHME HUKeIs B TEMHO-
IBETHHX CUJIMKATAX — 0JAMBMHE, NMUDOKCeHAX U aMpubomax - ME-
TPySMBHHX NMOPOZA MOXET yKa3HBATH HA HMKEAEHOCHY I MMHEpaIn-
8anuD,. :

Banomuit cocras (HUKENEHOCHHX) WHTDYBABHHX NOPOZ 0C-
HOBHOM MIM yABTPEOCHOBHOA. B TOM ciyyvae, KOTZa [ODOAH
Ziadde peHUPOBaEL, KOIMUYeCTBD KPeMHMCTHX audge peHunaton (Hu=-
Kela) HeBEAMKO. SaMeywwHO) TEaKKe, W0 yAbTPa OCHOBHHE Tella HA
DaEHMX DTanax KpucTralaMsannoHHo# zudde peHOMALMM KPY MHHEX [Iy=
TQHOE IPPAHOZMODUTOBOI'0 COCTSBA (OZHH HUKEJeM,

Teuneparypa KpUCTENIABEIMM WHTDYy BUBHOI'0 TeJN& 0CHOBHOTD
COCTEBA MOE6T OHTH MBMEDEHA HA OCHOBAHMM 28 HHHX K03(H@uiMeH-
T4 pacnpejieeHUs HUKOJR MEEZYy AByMA COCYMECTBYONMMA CHIM-
KaTHHMW MMHepazamu. CyJisQuHas MeAHO-HUKeJNEBEA MUHEpaIM3a-
[UA NpuypovYeHEa K BHCOKOTEMIEpATYDHEM 0GNBCTAM MHTPYyBMBHOIO
TeJa. HakoHely, pyZHad MAHEDalWsauds KOHTPOAMPYyeTCA TaKEe
KOHTEKTOBHMH BSCHAMM MHTDYBMBA M 6r'0 TEKTOHHUGCKAMN 0COCEH-
HOCTAMHM. HecMOoTpsA Ha TO0 YTO OCHOBHHWO® WHTDYBMH, BMEWaWIAE
opyreéHeHMe, 00HYHO MeTaMoppuscBaHd M ZefopMupoBaHH, BCE
%@ B DAje CIyW@eB BHABAAGTCH MX CIOMCTAA CTPYKTypa.
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MB0TONENe COCTABH CODH S8MOTHO MOHADTCH B DA SJM THEX
CTPYKETy PHHX TMOAX DyA OAHOTO MECTOPOXZHMA.

KoHETaKTH DyAH M BMOmMADMHEX Nopoj, 8 TAKEe SOHM (peOE-
YMpoBaHMA, GOPMH BMOMAKMMX OPYyZ6HeHMe MHTDYSHB OCHOBHOID
coCTaBA - BCO BTO CBUJETONLCTByET 0 TOM, UYTO COAGDESHEE
HAKENIh MHTPYBME ABIADTCA A0~ MIM CHHTOKT OHMYSCKEMM,

B HacTosmee BPeMs NpOBOAATCHA AOTaAbHHE neTperpaduwec-
KM@, I'e0XMMEY6CKHE M TOKTOHHUECKHE UCCHOZ0BE&HMA NOPOZ
yABTPAOCHOBHOTO ¥ 0CHOBHOTO CocTasa CeBepHOM QUENSHAME,.

During the last 15 years the mafic and ultramafic intrusions of
Finland have been subjected to detailed petrologic and geochemical
investigations (HEkli, 1970, 1971; Gaal, 1972). These investiga-
‘tions have revealed the existence of the sulfide Ni-Cu deposits in .
certain type of mafic and ultramafic intrusions in southern Pimland.
The areal distribution of the nickel-bearing intrusions and ore de-
posits is indicated on the metallogenic map. of Finland (Kahma,
1973). The deposits are located mainly along two separate belts
running across the Baltic Shield in Finland. Intense exploration
and study of basic intrusions throughout southerm Finland, even
those outside these belts, indicate that sulfide Ni-Cu deposit
in mafic host rocks is more likely to exist along these belts than
outside them. The belts have been called the "EKotalahti nickel-
belt" by Gaal (1972) and the "Pori-Eylmikoski zonme™ by Hikli (1971).

Even so, the regularity of the spacial distribution does not
explain the primary origin of the Ni-bearing mafic and ultramafic
intrusions. The textures and structures of the sulfide minerals in-
dicate of ligquation and high temperature crystallization, and thus
the sulfide Ni-Cu deposits are genetically associated with basic
magmatism. Magmatism of this kind might occur in either orogenic
belts, or more stable areas, cratons, The present study describes
the geclogic features which might have genmetic significance and
indicate the original setting of the nickel-bearing mafic and
ultramafic intrusions of southern Finland.

Both areas or belts of nickeliferous basic intrusions are pa-
rallel with the gravity anomaly zones visible in the Bouguer inonly
map of Finland (Honkasalo, 1962). In this respect the belts of Fin-
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" lend are similar to the Manitoba nickel belt and the English Ri-
yer (Ont.) gneissic belts of Canada, in which the intrusions are
associated with fault zones (Naldrett and Gasparrini, 1971). To
date there have been no deep-seismic studies in Finland, but it is
suggested that the gravity anomalies are caused by the variation
of crustal thicknesses. ’

Along the zones, there is appreciable variation in the number
of ultramsfic intrusions per unit area, as well as in their form
and size. Small single lenses may be no more than 10 m in diameter,
but some bodies are as much as 10 km in width. A feature common
to all of them is their location in gneiss areas that are strongly
migmatized and metamorphosed, which makes it difficult to recognize
their original chemical composition and textures. Some of the
gneisses are metamorphic graywackes, some of them metamorphic voly
canics. During migmatization the mafic bodies were brecciated and
deformed so that in places, they exist as small fragments in migme-
tite as described from Kotalahti by Haapala (1969) and Papunen
(1970).

The form of the intrusions and the distribution of the diffe-
rent rock types in the mafic intrusions vary, there being both
undifferentiated ultramafic bodies and differentiated intrusioms.
The former group includes the Hitura body with a core of serpenti-
nite and margins of peridotite or amphibole-rock (Papunen, 1970).
The richest sulfide mineralization occurs regularly along the
vertical contact zones of the body. The same undifferentiated
ultramafic serpentinite-peridotite type also includes the Stormi
body at Tyrviéi in SW Finland ("Pori-Kylmikoski belt"), which dis-
plays mineralization along its basal conmtacts (HEk1li, 1971). Beo-
nomically the most important nickel ore body in Finland, Kotalahti,
is differentiated and contains a continuous series of rock types
from peridotites to diorites (Haspala, 1969; Papunmen, 1970). The
small mined-out orebody of Kylmikoski in SW Finland is also of this
differentiated type of intrusion.

The marked diversity of forms and the brecciation of the bodies
indicate that they have undergone the same metamorphic processes
as the gneissic host rocks. The mineral composition of the mafic
rocks might be altered during metamorphism, the orthopyroxenites
being altered to cummingtonite-anthophyllite rocks or perknites and
the peridotites being serpentinized. The sulfide phase has also
been altered: the serpentinization process accompanied the deposi-
tion of magnetite at the expence of sulfides, and the sheet silica-
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tes, chlorite or serpentine and amphiboles replace the sulfides in
places. Mackinawite and violarite as well as valleriite were also
formed during serpentinization (Papunen, 1970).

The tectonic and structural features of the mafic bodies:
their shear zones, contacts and cutting amphibolite (trapp) or
pegnatite veins, correlate in part with the massive or brecciated
ore types. This indicates that the sulfides were metamorphozed and
accumulated during the late tectonic stages. Nonetheless almost
all the bodies alsoc show a weak or moderate layered enrichment of
sulfides, conform to the major forms and shapes of the mafic body.
The layering evidently indicates a gravitative differentiation of
the body and also that the sulfides were an essential part of the
ultramafic body during the early stages of magmatic crystalliza-
tion. )

The various mafic and ultramafic bodies are all of fairly si-
milar chemical composition (Papunen, 1970), and the magma type
resembles tholeiitic. Furthermore, in the sulfide phase the Ni to
Cu ratic varies from 1.5 at Kylmikoski to 2.4 at EKotalahti and
about 3.5 at Hitura. The Ni to Co ratio at Kylmékoski is 17, at
EKotalahti 12.8 and at Hitura about 2%0. Some of the bodies also con-
tain elements of the olatinum group, mainly Pd and Pt. The platinum-
group minerals are concentrated in tectonic shear zones inside the
bodies. The PGE were enriched and deposited during a very late,
possibly hydrothermal stage of metamorphism.

The distribution of nickel between coexisting silicate and
sulfide phases has been studied in several mafic and ultramafic
intrusions (HEk1i, 1963, 1970, 1971). Nickel exists in widespread
equilibrium between both phases, which means that if the nickel
content of the silicates is high in relaticn to their magnesium
content the nickel content of sulfides must also be high and vice
versa. Thus, ultrabasic bodies which are combined with large gra-
nodioritic intrusions, synkinematic plutons, and belong to the same
differentiation series as they do, are generally poorer in mickel
than are ultramafic or mafic rocks which contain only small
amounts of dioritic or granodioritic differentiates. Therefore, the
nickel content of the primary magma is related to its bulk composi-
tion and the more basic magmas commonly have high nickel abundances,
The sulfur isotopic study that conducted at the Eotalahti Ni-Cu
deposit gave the very uniform walue of 03“5 = 2.08 per mil with a
standard deviation of 0.328 per mil., The population of analyzed
samples, a total of 36, included all mineralization types, even the
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massive and brecciated ores which might have mobilized during
metamorphism. There is no marked difference in the sulfur isotope
value between different ore types, and metamorphism has not caused
any marked differentiation of sulfur isotopes, evidently because
the processes took place at high temperatures.

In conclusion it may be stated that the nickel-bearing mafic
and ultramafic bodies in southern Finland are controlled by certain
belts that have arisen as a consequence of premetamorphic geologic
evolution, All of the deposits have some geologic features in com-
mon:

- The mineralized bodies are located in highly metamorphic
gneiss belts and do not seem to correlate with any stra-
tigraphic horizon.

- The same metamorphic features are manifested in both the
host rock types and the sulfide accumulations.

- An indistinct layering of sulfides can be encountered in
almost every imntrusions,

- The bodies are brecciated by syn- and latekinematic granite
veins.

= The different intrusions and ore bodies are alike in geoche-
mistry.

The nickel-bearing intrusions of southern Finland evidently
belong to the same geologic group and are genetically related to
each other.

One explanation of their origin, given by Gaal (1972), is that

‘they intruded along major crustal fault zones and that their mate-

rial derives from the mantle, The shear zones created pressure mi-
nima suitable for magma intrusion. This explanation does not consi-
der, however, the premetamorphic features of the mafic bodies and
ore deposits. It seems probable that the intrusives were not diffe-
rentiated in situ by gravitational settling because the zoning of
the rocks types in the bodies is upside down in many places: ultra=-
mafic differentiates are at the top and the more felsic differentia-
tes at the bottom, as in the Kotalahti and Kylmékoski bodies. They
might have been differentiated already in the extreme upper part of
the mantle and subsequently emplaced as multiple intrusions. The
sulfides followed the ultramafic, first phase of intrusion and
differentiation, but settled down during final erystallization, thus
causing the wesk layering visible in many intrusions. The subsequent
tectonic and metamorphic processes mobilized the sulfides to a

~certain extent, redepositing them along the shear zones.
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The intrusions of southern Finland differ from the large layes
red intrusions of the Kemi-Kainwu belt which intruded along the
boundary between the Karelian schists and the Pre-Karelian base-
ment, The ultramafic bodies of Central Lapland and especially of
the Euhmo-Suomussalmi schist belt are also evidently genetically
related with the volcanic greenstone belts and these ultramafics,
some of them at least, are ultramafic flows.
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PABUEC, LATpPpoeyBc, PALTRETODPN (AscTpamms)
CyIboUH HMKEXA B APXEUCKMX ¥IbTPAMAQH ECKUX
[OPOJIAX SAMAJHO# ABCTPAIMH

RA.Binns, D.I.Groves, RJ.Gunthorpe
(Australia)

WICKEL SULPHIDES IN ARCHAEAN ULTRAMAFIC ROCKS QF WESTERN
AUSTRALIA

B nposuEmue Mcrepr Teapguazc Baexa Umareps » moscax se-
NeHOKGMOHEHX NopeZ MeTaMopiusMm BapeMpyeT 0T caadors (mpe-
HET-OyMOS/UMATOBASA (agda) Ao camere BHCoxore (amdudems-
roBas damus). [(poMHNIGHESs HMEEI8B0-CyIHDMAHAA MEHepalMsa-
OMf IPHypPovYeHE MCKADUMTEOABHED K NopoZaM auduceauToBeit da-
OHM, B GONBMMECTE® CBOEM CHIBHO HEDymeHHHM., YIbTpasmadi—
UBCKHe™ BMONADHMS NOPoZH M MHB6DANMBANHA B HAX pozsepra-
IYCE MOTAMODPHBMY.
BujemsHH 2B& THNE yABTPAMADMIOCKAX BMONMADMMX NOPOA:

I) oGpasoBaEHEN® N0 KyMyZAATHBHHM JyHETAM B 8 iK0N0Z00HHX
HHTPYBMAX, MMODMMX GOAbW06 NPOTAXEHME N0 I'OPUBOHTEIA, M
2) 00pasoBaHHHE N9 MOHBEMM NEDHZOTATOBHM NOTOKAM HIH
e CyOByJIKAHAYECKMM CHINAM, SCCONHMPYDEMM C KOMATHMTOBHMM
ByIKAHYM J6CKHME KOMOJA6KCaMH. [I0AEOCTED N6POKDHCTAINMSOBAE~
HH6 DOPOAH STHX ABYX THUNOR DASAMUADTCA [0 TOOXMMHYSCKHEM
XapaKTe DUCTHEAM. [IpM 2ToM ByZAKaHHYeCKMEe—CyGBYIKEHHUECKHE
BMONMANMES OOpoAs cozepxaT Ca, A1, cr ¥ 74  GoXxsme, deM
Jai#EM, YT0 0TDARA6T K0IMYeCTBO KAMHONADOKCEHA M CTOEKI0BMJ-
Ho#l ocHOBEOH#l M8CCH B Ma8TODWHCKo# mopose mepsux. OzBaKe
By IKaHA YOCKME—-CYOBYIKAHMYECKMO® MATEPUHCKMS IOPOZH
B GoXbuedl CTONGHA M8THOBMEUBHNe, YoM NHopoAH "B" S0HH,
KOTOpaX HAXOAMTCA B HMBAX NODUAOTUTOBHX KOMETMMTOBHX
O0TOEDB, 00J&ZADNEX CnMEMGeKCoBO#f TORCTypoi.

EZzWHCTBOHHHE CYNSCTEOHHO HOMSMEHMBNMECH MATMATHUeC-
KM@ CyABQEAH Ni , WBBECTHEN® B [MIrapHCKMX yaAsTpAMAdUUECKUX
nopoZiax, o0HADYXEHW B DeZK0 COXPaHANEMHXCH CBOXMX 2y Hu-

B 3anazHeil ABCTDAJHM B CBHSH C TeM, Yr0 BHENOYKASAHHNG MHHEpaIE-
S0BAEENG BMEHEDEMEe NOPOZH Y8CTO COAEDEAT GOXBme 45% Sioz,nn
OTHOMGEHD K TAKMM NOPOZAM NpPEANOUMTEDT NDUMEHATH TEDPMHH "yaAsTpa-
MaduyecKMe™ BMeCTO TepMMHA "yARTPAOCHOBHHE".
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sax 7afKONOA0GHNX WETpy8Mi, OHE NpezcTaBiANT CoGofl MPO-
MOXyTOUHyO BEpanzeEEocTs (A0 7% cyasduazoB) ¢ mpeopliszap-
WHN ODOHTASHAMTOM. HHBKHe BSHA Y6EHE COOTHONOHHA Fe/Ni
BHEpaXANT GeZHYyD XONEBOM M GOraTyn HMKeZeM NPUPOAY OMdk—
BEHOB B EKOMBTMHTOBHX yJA5TpaMaduieCKHX Nopozax.

[pd BoBpACTAHMM CTONOHH MeraMoDppusMa Ay EATH
npeoGpasynTCA B EMBEDAATENHDOABDMTOBHe COPMOHTHHMTH,
QHETHTODHTOBES CODHOHTHEMTH (M TAXBKPBO=MAIHO THTOBHE
nopozs), & TaKEe B fopcTepHT-TANBKeBHe HopoAH (¢ aETodMI-
IHTAMH HAM BICTATHMTAME ODM ZIOCTHMXGHHH CaMoil BHCOEOH crTe-
- meEE MeTeMepdusma)s HeRoTopHE MOPOAH BHCOKOM CTEMOHN
MeTaMopiHBMAE NpOZCTABNGHH TOKTOHATANH MIH TAK HABHBAG-
uENHM "rpaHofenssamu™, coaepEAmMME B COXBUOM KoJMY8CTBE
9IMBMH, EOTOpPHe, BOSMOXH@, DaHee ¥ HO NOABEPraluchk COpOOE-
THEMSANUHE, [lapaiieipH0 HAGADABDTCA MBMEEGHMA B MHHODAND-
THYECKOM, reOXEMRYECKOM COCTaBEe M MopfoIordH cyasfHaoB.
B cepneHTHHMTAX MUHOPAIMBANUE OCTAGTCH PaCCemHHOM, HO
I9 CPDABHOHHD C AyHUTaMH, ABAADNMMMCA MaTepDAHCKOM mopozcH,
376CHh OZMH M3 IZABHHNX KOMIOHEHTOB — MUPPOTHH M COOTHO—
meEue Pe/Ni CTAHOBHTCH APy THN. ;

Cyzsa 0o reoXUMHYECEMM ‘M MUHEDPArpaduIeCKUM 78 HHHM,
BO BPOMA CODNOHTHHWUBALMA HMOIH MOCTO MDUBHOC CO[H HB
BHOMHOTO MCTOUHMEA ¥ BHCBOGOXZOHW® B SHA WUTONEHOM KoIu-
YecTBe Fo M B HOSHA WATONLHOM - Ni W8 0DJHWBUHA B
XanpK0puAbENe Gparnouu, B pasHOCTAX G0A66 BHCOKOH creme—
HM MeTaMoppuBME, COAEDEENMX C0IbN0O KOIMYBCTHO METAMOD-
§UYeCKOTD PAMBMHE, 00 KDAafM MHTDyBMil, I'Ze, BOPOATHO,
JN0KaN¥30BANMCH MHTEHCHBHHE zedopMamuy, 00HAEpPyXeHH ropas-
Z0 Oolee KOHGEHTDUDOBAHHHe BKpanieHHHE pyZAH, TAK HaBh=
BAGMHO "MATpHuHHE" (MOX6T OHTH, CHZGDOHHMTOBHG.) PyAH,
78X MACCHBHHG Py C mMpeoCRAZEDEKM OADPPOTHHOM. B nexeM
MOXHO CEK8B88Th, YTO B BTHX CYJBJHAAX CymeCTByeT 38BUCHMOCTH
UX KolA4YecTBE 0T COOTHOomeHMA Pe/Ni , Heroropoe odorame-
HA® CyZbQMAAMM NMPOMBOWAD B8 CYET DOAKOME BHC OKDTEMmeparyp-
HOM zerMzpaTanMM, Ho 00paseBaHMe TAKMX DyZ M HX I6 0XHME-
9eCKMH COCTAB B OCHOUBHOM 00ABaHH MOX8HMYECKOH cerperamuy
AAACTHYHHX $as M, BOSMOXHO, AuQdysuH, BHBBAHHOH CTpeC—
COM. B0 MHOTHX MEGCTODOXZ6OHHAX 0CIOXHADEMM QaRTOopOM CIy-
KHA peTporpazHbid MeTaMopdusu,

BymraHM Y6 CRHU~CyOBy IKAHM YO CKHE THO yAbTpaMadnvecKuX
NOPOA COZS PRAT TOT X6 PAA MOTAMODOUTBCKMX NpOMBEOJHHX,
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Ip¥ 9TOM TPEMOJMT, XNOPATH M ZOIOMATH OPUCY TCTBYOT B KA—
Y9CTBO ZAONOIEMTENEHHX (as., B HoMeTaMopdusoBaHHHX BMOMED-
mAX NopoZax STOT0 THMA MAHe paaMsands He o0HapyxeHa. Ha
yYaCTKaX, I'Zi@ MeTaMOpjusM NPOMCXOAMI B yCIOBUAX seleHOKa-
MeHHO# QangMM, HBBECTHH HOKOTOPHE BKPamJe HHWE [y ZH; OHH
eme HOZ0CTATOYHD WMCCJAeADBAHW. B NoZ3eMHHX BHpaGO0THAX HA
MECTOPOEZ6HMAX HA ydacTRax amimGonaToBOR fanmmm BHACHEH
YgTKO BHPaX6HHHY CTPyKTYy PHHYl KOHTDPOJE DyZHOHN KOHUEHTpaLMM:
846CHh DasBMUAUCH PyZH TOr'D X6 CaAMOID DoZd, KAK M 3 CHIBHO
METaMOp)MB0BAHHHX JyHHTOBHX pafikax, MoxHo npeznoieraTh
NoZ0GEyD X6 [OCIeA0BATENBHOCTEH MBMEHEHHH [18 pATEHESMCOB CYib-
(Dun0B B0 BpPeMsA COPNGHTUHM3ALMM M 000rameHde BO BPEMn JZ6—
(QopMauEM M BHCOKOK CTeneHM MeTamMopinsma.

[IpeAnoA0XEEME 0 CyWLECTBOBAHMM CYJABJUAOD B METEMOL -
Hus0BaHEHX BYJIKAHMYECKUX-CyOByIKAHMIECKMX NOPOZAX eme
70 MeTaMopiusMa (X0TH X B MEHOS MBMEHEHHOM BUJE) Gasupy-
6TCA HAa CIeAyDMMX NpusHAEax: I) MecToHAXOXKZeEHMEe DyA B
HMB8X TOJmMM; 2) CoOXpaHeHUe cnnenﬁlﬁpuuro XPOMOBOID MarHeTn=
ra (0yeBUZHO, KPUCTAIIMBO0BABNOr0CH M8 CyAbDHUAHO-OKHCHO-
I'0 pacnias8); 3) reoXuMd BCKHe NapaMeTpH COOTHOWGHMH
Ni/Cu H Ni/Se . YOeAuTeiAbHHX Z0KasaTeALCTB TOro, 4T0 B
BWITapHCRAX DOpONAX MeTaMOpiMYecKMe IpONecCH HEIOCDENCTB-
8HHO ODHBeJM K KPYyOHOMACHTACHOMYy OCpDasOBAHHD HUKEJEBHX
DyL, HeET.

B memou MOXHO CKasalh, YT0 8PX6{CKHE MECTOQOKJE6 HAS
HAKGNOBHX PyZ 3anajiHoll ABCT paluM NPEACTABIAANT COCON MMEBH-
HO JomMeTamMOpiMYecKEe DyIH, ONHAKO DPEe3YABTATH odora-
MEHAA, OPOMCXOAMBNEr0 B Te YeHHe Hporecca MeTaMoppusma, Ta-—
KOBH, 9YTD 5T PyAH MOXHO KIacCCHQUuMpPOBATH W KAK MeTaMop-
JoreHENe pyAHHWe Tena. TaKuM o6pasoM, AAA STOr0 poza
MECTOPOKZIGHMA MeTaMopiusM ABJAAGTCA BAXHHM (KT 0pOM, KOTo-
pult HE0OXOZMMO lIPMHMMATE BO BHMMAHWE ODH pasBejKe MecTo-
PORZIGEAA., DTHM HE CIejyeT npeHeGperaTs W OpPH I'eHETHYS CKMX
UccleziopaHMAX, TEK KAK MHOTMO M3 KDUTEDMEB, pDAHEE® BLJBUIaBE-
WMXCH B NOAZePEKy NPOCTHX MATMATMUSECKMX MoZelNei#f KoHNeHTpa-
UM pyA, MMEeNT MHHE ODOBACHEHMA C mosAuuit MeTamopgusua.
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Economic nickel sulphide deposits in the Eastern Goldfields Pro-
vince of the Yilgarn Block are confined to greenstone belts that
suffered amphibolite facies metamorphism. The ores and ultramafic
host rocks shared this metamorphism. Two types of ultramafic host
rocks have been recognised: (1) the derivatives of cumulate dunites
in dyke-like intrusions with great lateral extent, and (2) the de-
rivatives of smaller peridotite flows or subvolcanic sills in ko-
matiitic volcanic sequences: the mineralized hosts are distinctly
more magnesian than the basal B-zones of the associated spinifex-
structured peridotitic komatiite flows. Certain geochemical charac-
teristics distinguish the two types, even where they are completely
recrystallized; the volcanic-subvolcanic hosts are normally richer
in Ca, Al, Ti, and Cr than the dykes.

‘Bssentially unmodified magmatic Fe-Ni sulphides are dissemina-
ted in rare relict dunites preserved in dyke-like intrusions. These
are dominated by pentlandite, which is typically interstitial to
relict olivine. The low Fe/Ni ratios that typify such disseminated
sulphides are considered tc be a hallmark of immiscible sulphide
melts associated with komatiite magmas.

During metamorphism the dunites were converted to serpentini-
tes and talc-magnesite rocks at lower grades, and to olivine-tale
rocks and-olivine-rich tectonites at higher metamorphic grades
where deformation was more pronounced. There is a sympathetic
change in the mature of the mineralization. Sulphides remain disse-
minated in serpentinites, but pyrrhotite becomes a major constitu-
ent and Fe/Ni reios become diversified relative to sulphide aggre-
gates in dunite parents. Geochemical and mimeragraphic evidence
suggests that pre-existing sulphides were modified by addition of
sulphur from an external source, together with release of signifi-
cant Fe and minor Ni from olivine during serpentinization, More con-
centrated ores, including pyrrhotite-dominated massive ores, may
occur near the margins of intrusions -in the highest grade metamor-
phic environments. These generally have higher Fe/Ni ratios than
sulphides occurring in serpentinites.

High temperature dehydration reactions in silicates cause some
effective sulphide enrichment, but mechanical segregation of ductile
phases in marginal zones of more intense penetrative deformation,
and further diffusion under essentially hydrothermal conditions
during metamorphism, appear mainly responsible for the production
of such ores. Retrogressive meteamorphism 1s a complicating factor
in many deposits, as it results in the generation of additional
sulphide phases and magnetite.
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The volcanic-subvolcanic peridotite type of host rock shows
an equivalent range of metamorphic products to the dunite dykes,
although no mineralization is knmown from essentially motllox'phd-
sed hosts of this type, sand the rarely observed disseminated sul-
phide occurrences in greenschist facies domains are poorly docu-
mented., A feature of the nickel ores from amphibolite facies envi-
ronments in their promounced structural control. As for the dyke-
type deposits, a sequence of modification of sulphide parageneses
during serpentinization amnd of enrichment during deformation and
high grade metamorphism is envisaged for this mineralization.

No evidence has been found to suggest creation of major ore
bodies by direct metamorphic processes. The relationship of ores

to specific ultramafic hosts iogothor with geochemical parameters
~ such as Ni/Se and Ni/Cu support the comcept that the mickel depo-
sits were formed by modification of former masgmatic sulphides.
The Archaean nickel deposits of Western Australia therefore comsist
of metamorphosed deposits, but enrichment .related to metamorphisam
is so important that they might be classified as metamorphic ore-
bodies. Thus, metamorphic effects must be taken inmto account
during exploration, and should not be neglected in gemetic studies.
In particular, many of the criteria previously advanced in support
of simple magmatic models of sulphide concentration have alterna-
tive metamorphic explanations.

INTRODUCTION

Following the discovery of Eambalda in 1966, exploration geologists
and research workers quickly realized that an important new class
of ore deposit was represented by the nickel sulphide deposits
that were discovered in rapid sueccession throughout Archaean greon-
stone belts of the Eastern Goldfields Provimce, Yilgarn Bleck
(Fig. 1). In this Province, relatively Cu-poor, Fe-Ni sulphides
occur in association with highly magnesian rocks of komatiitic
affinity (Viljoen and Viljoenm, 1969), the ore comcentrations comm-
only lying towards what appears the base of their Iltzuaﬁc"
hosts. A magmatic model, developed from earlier interpretations of
the Sudbury Eruptive, became widely adopted to explain their originm.
| Since silica contents may exceed 45%, particularly when expressed

on a volatile-free basis, the term "ultramafic” rather tham

"ultrebesic™ is used collectively for these rc-ks.
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This model assumed gravitational settling of immiscible sulphide
melts from relatively fluid, magnesium-rich magmas (Ewers and Hud-
son, 1972; Hudson, 1972; Naldrett, 1973).

Until the later phases of the major period of nickel explora-
tion, however, it was not widely appreciated that these deposits’
normally occur in intesely deformed and recrystallised settings,
and that the ultramafic hosts shared the metamorphism evident in
adjacent country rocks. Although metamorphic grade varies from
prehnite-pumpellyite facies to the highest amphibolite facies
(with the granulite facies dsveloped locally) throughout the Yil-
garn greenstone belts, known occurrences of commercially-viable
nickel sulphide mineralizatior are restricted to amphibolite fa-
cies snvironments. The greater majority are situated iam mid to high
amphibolite fscies belts of dynamic metamorphic style (Binnz et
al,, 1976, Pig. 1). Accordisg vs Scvisl and Bastern European ter-
minology, they may be regarded as "metamorphogemic™ mickel deposite,
and the following major questions arise.

1. What were the parents of the metamorphosed ultramafic rocks

in which the ores now occur?

2. Were the sulphides present before the metamorphism? If so,
how extensively khave they been modifisd, and what const-.
raints must be placed on magmatic or other genetic models?
Alternatively, were they sctually created by processes
associated with the metamorphism? In other words, to use
the nomenclature applied in English-lesnguage literature, do
the sulphides represent metamorphosed or metamorphic ores
respectively? :

These questions express the cbjectives of a research project
pursued since 1971 by staff and research students in the Geology
Department of the University of Western Australia. The following
contribution to the symposium summariszes salient aspects of the
still-uncompleted project. Although we shall infer an important
role for magmatic processes, it is worth emphasizing that this was
by no means clear at the outset, for many of the criteria used to
support former magmatic models had justifiable alternative expla-
nations in terms of metamorphic phenomena.

CONTRASTING ULTRAMAFIC HOST ROCES

Introduction
The original petrological and field characteristics of ultramafic
rocke in the Yilgarn greehstone belts are obviously best established
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in areas with the lowest ntilorphic grade, where igneous textures
and some relict minerals are typically preserved despite widespread
metamorphic reconstitution. However the virtual restriction of
mineralization to high grade metamorphic enviromments, and the
large areas of poorly exposed terrain between relevant outcrops,
are major problems. In view of this, a comparative approach to the
evaluation of host rock parentage has been adopted in which empha-.
sis is placed on geochemical data and careful assessment of mefa-
morphic parageneses. Two different kinds of ultramafic host have
been distinguished using these criteria in conjunction with frag-
mentary field evidence.

Dunitic Intrusions

The first is a series of large dyke-like intrusions, composed main-
1y of dunite and its mcmtalliintion products., These may appear
both locally and regionally conformable, but they are demonstra—
bly slightly transgressive to the greenstone stratigraphy in pla-
ces. Structural complexity and poor exposure prevent an unequivocal
interpretation of the original shape and size of these bodies.
Although they appear to extend laterally along discrete zomes for
great distances, in one instance for over 200 km (Fig, 1), their
lenticular and discontinuous nature in each sone is compatible both
with a number of separate bodies, some at least 20 km in length,

. or altenatively with one major body which has been strongly bou-
dinaged: the latter interpretation is preferred. Widths wvary from
100 m to 1 km. Relict or only partly-recrystallized dumites, pre-
served towards the centre of relatively thick portions of such
intrusions, are known from four localities (at Betheno near Mount
Keith, Perseverance, Mount Hope, and Digger Rocks; see Fig, 1).
These are essentially monomineralic rocks composed of close-packed
euhedral and subhedral olivime crystals, typically from 5 mm to
1 cm in diameter, with a conspicuous cumulate structure modified
by adcumulus growth. The clivines are remarkably magnesian (89-9%
mole percent forsterite) and genmerally contain from 0.45 to
0.50 wt, percent Ni0. Relict features of serpentinites in low grade
metamorphic domains (e.g. Wiluna-Mount Keith, Fig., 1) indicate that
similar dunites formed the greater part of these intrusions. Pyro-
xenitic marginal zones and some more evolved fractionates such as
gabbro and granophyre are rarely developed, but nickel sulphides
are associated exclusively with the dunites, The parent magms for
the intrusions was probably of peridotitic komatiite composition.

Since these intrusions transgress metamorphic domain bounda-
ries (Binns et al., 1976), the sequence of metamorphic parsgenpesss
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is reasonably well understood. In yery low grade domains (prehni-
te-pumpellyite and low greenschist facies) the dunites are typica-
11y altered to lizardite-brucite-pyroaurite-magnetite serpentinites
with a distinctive pseudomorphous mesh texture. Slender blades of
antigorite replace or substitute for the lizardite and other phases
in low grade and medium grade domains (mid greenschist to low am-
phibolite facies), where varying proportions of magnesite and talc
are also present: the former dumitic texture is preserved only by
the disposition of fine grained magnetite trails that mark original
mesh lines. In high grade domains (mid to high amphibolite facies,
with more intense pemetrative deformation), relict textures are
lost as metamorphic forsterite becomes the dominant constituent.
The latter commcnly develops as long blades (generally 1-5 cm, but
up to 20 cm or more long; compare Evans and Trommsdorff, 1974), in
a variable proportion of commonly foliated talc with minor calcite,
magnetite and/or chromite. The abundance and fabric of metamorphic
olivine in some granoblastic variants suggest that these particular
high grade metamorphic products formed by direct recrystallization
of dunite rather than by dehydration of a previoumsly formed serpen-
tinite. Retrogressive serpentinization of metamorphic olivine to
lizardite is a widespread additional complication.

Volcanic-Subvolcanic Hosts

For the second type of ultramafic host to nickel mineralization in
Western Australia, a similarly direct comparison between parents and
metamorphic products is not possible. These represent much smaller
concordant bodies lying at, or near, the base of thick layered se-
quences of ultramafic komatiite flows and minor albite- and common-
1y sulphide-rich metasedimentary rocks. The volcanic origin of the
flows is interpreted from the presence of the distinctive "spinifex
texture” (Nesbitt, 1971), which often remains recognizable despite
intense metamorphism and deformation (cf. Oliver et al,, 1972), and
by geochemical comparisons with better-exposed occurrences of undoub-
ted flows elsewhere (Pyke et al., 1973; Barnes et al., 1974). The
mineralized ultramafic units, which typically range from less than
SO to 100 m in thickness with established lateral extents of about
200 to 500 m, are generally more highly magnesian rocks than the
associated flows.

Since mineralized units are confined to amphibolite facies en-
vironments, examples with well preserved relict textures or igneous
minerals are rare. Partially altered samples from Scotia and Kambalda
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(Fig. 1) contain close-packed subhedral or anhedral olivine grains
1 to 5 mm across (90-95 mole percent forsterite, 0.3-0.5% Ni0'),
some interstitial chromatie, and a matrix of chlorite and tremoli-
tic amphibole. Relict textures in some more thoroughly serpentini-
zed ultramafic hosts suggest that the matrix to the pseudomorphs
after olivine "microphenocrysts™ was composed of guench clinopyro-
xene and glass. Comparisons with less altered ultramafic flows
from unmineralized localities of low metamorphic grade (e.g. Lewis
and Williams, 1973) might thereby suggest a volcanic nature for
these hostas, but this is by no means conclusive, More commonly,
ultramafic hosts of the second category in medium grade metamorphic
domains are antigorite serpentinites or talc-magnesite rocks with
appreciable chlorite, tremolite and dolomite, in which relict tex-
tures are sbsent., Typical eguivalents in high grade domains are
bladed olivine-talc rocks resembling those formed from the intru-
sive dunites, but richer in chlorite, tremoclite, and with rarely
developed magnesiocummingtonite or amthophyllite.

Geochemistry

Average compositions of the two types of ultramafic host are com-
pared in Table 1. The metamorphosed intrusive dunite category is
characterised by geochemical uniformity over drill hole intersec-
tions of 100 m or more. Magnesia is in excess of silica and, apart
from iron, the content of other oxides is low. Despite their meta-
morphism, they closely resemble the relict dunites (Table 1),

and on an MgO-CaO-Al 05 plot (Pig. 2) both cluster around the magne-
- #la apex. The second type of hoast is more variable in composition
throughout individual drill core intersections, particularly with
respect to Cal0 and A1205. which are, however, typically higher
overall than in the metamorphosed dunite intrusioms (Pig. 2). Their
magnesia/silica ratios are generally less than unity, and the
distinction between the two types is especially well shown by 'I'm2
and to a lesser extent Cr,0, contents: the mean value of 0.54%
c:r203 for hosts of the second type (Table 1) is, however, to some
extent influenced by abnormslly high values for Scotia samples.
These geochemical differences presumably reflect the relative
abundance of glass and clinopyroxene microlites, that contain sig-
nificant Al, Ti and Cr in relatively unmetemorphosed ultramafics,
in the parents to hoats of the second type.

| These figures refer to olivines where little re-equilibration

with sulphides during metamorphism is evident.
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Although individual samples from olivine-enriched basal por-
tions (B zones, see Pyke et al., 1973) of certain ultramafic lows
in Yilgarn greenstone belts may closely resemble ultramafic hosts
of the second type in bulk chemical composition (cf. Lewis and
Williams, 1973), the average compositions of the latter are dis-
tinctly poorer in Cal and ‘1203' richer in MgO, and contain sligh-
tly lower total iron when compared to the basal portions of such
flows (®able 1, Fig. 2). Thus it is not clear whether the ultrama-
fic hosts of the second type were themselves flows, similar to the
overlying komatiite sequences, or were contemporaneous peridotitic
8il1ls where adcumulus growth of olivine had occurred. We prefer
the latter interpretation, but since this is not definitely estab-
lished they will be referred to as volcanic-subvolcanic hosts,

The ultramafic-associated Western Australian nickel deposits
and prespects studied are listed according to the type of ultrama-
fic host in the caption to Figure 2.

MINERALIZATION IN DUNITE INTRUSIONS

Kature of Mineralization
A significant correlation exists between metamorphic setting and
the nature of sulphide mineralization within the dunite intrusions.
The following discussion is based primarily on the relict dunite
"localities cited above, and on the Mount EKeith, Perseverance, and
Forestania (Cosmic Boy and Ligquid Acrobat) deposits, but is suppor-
ted by less detailed studies of other sulphide occurrences (see
caption to Fig. 2).

Subeconomic disseminated mineralization, typically with from 2
to 3 weight percent sulphides, occurs in irregular subvertical zo-
nes in both relict dunites and their alteration products in each
kind of metamorphic domain. More concentrated ores, constituting
potentially economic deposits in this category of ultramafic host,
occur only in the high grade, dynamic-style domains, These consist
of enriched disseminations (10 to 30 weight percent sulphides)
towards the intrusion margins, with matrix' ores (40 to 50 percent
sulphides) commonly close to the contact. Distinct shoots of massi-
ve ore (more that 60 weight percent sulphides) may occur on, or

"Matrix ore" refers to situations where sulphide aggregates form
an essentially continuous "matrix" to the more or less abundant

silicate gangue (cf. Ewers and Hudson, 1972).
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near, the contact, and also as spparently mobilized bodies within
adjacent country rocks. Some ore shoots contain abundant fragments
of ultramafic and country rocks and may be classed as breccla ores.
Buch massive ore concentrations are unknown im low grade metamor-
phic environments where recrystallization was of a static style:
the intensity of exploration im Westerm Australia has beem such
that this can be regarded as a statistically significant observa-
tion.

No underground workings have yet been developed in the depo-
sits in dunite intrusions, all of which are poorly exposed at the
surface. Objective evaluation of factors that localize the more
concentrated ores is therefore difficult, but a strong structural
influence is evident from fabric relationships in the ultramafic .
hosts and the ores themselves, and from the highly deformed nature
of adjacent country rocks.

Mineralogy

Irrespective of sulphide abundances (locally up to 8 weight per-
cent), ‘the disseminated mineralization in relict dunitea is do-
minated by nickelrich pentlandite., Heazlewoodite, millerite, or
pyrite are minor accessories, magnetite is scarce or lacking, and
pyrrhotite is absent. The sulphide aégi*ogaten occur in interstial
positions with smooth boundaries towards cumulate olivine grains
which show negligible metamorphic outgrowths. They are therefore
interpreted to be essentially unaltered magmatic sulphides which
concentrated from immiscible sulphide liquid droplets during accu-
mulation of the dumites, but which solidified after the olivines
had settled.

In the lizardite-bearing serpentinites from the lowest grade
domains, disseminated sulphide aggregates remain in interstitial
positions relative to pseudomorphs after cumulate olivine. However,
they have been variously modified amd much of the magnetite relea-
sed by serpentinization of olivine tends to accumulate around then.
In serpentinites with low sulphide contents, pentlandite has been
replaced along grain boundaries and cleavage traces by millerite
or heazlewoodite, whereas in samples richer in sulphide there is a
similar replacement of both pentlandite and magnetite by ragged
pyrrhotite and some valleriite. This represents the first appearan-
ce of pyrrhotite in terms of the metamorphic sequence, and there
tends to be an inverse relationship hetween abundances of pyrrho-
tite and rim magnetite. Minute greins of magnetite, millerite,
heazlewoodite, and/or awaruite also commonly occur along mesh lines
within serpentine pseudomorphs after olivine.
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In antigortie-bearing serpentinites and associated talc-
magnesite rocks from low and medium grade metamorphic domains,
disseminated sulplide aggregates occur in approximately the same
proportions as in lizardite serpentinites. The major difference
is the development of more granular, recrystallized textures, and
the modification of aggregate margins by intergrowth between sul-
phides and antigorite or magnesite. Pentlandite-pyrrhotite-magne-
tite assemblsges, in places with minor pyrite, characterise
samples with moderate sulphide abundances. Millerite or heazle-
woodite may occur in poorly mineralized serpentinites, whereas in
talc-carbonate rocks with very low sulphide content there is gene-
Pally a development of nickel- and sulphur-rich assemblages contai-
ning millerite, polydymite-violarite, vaesite, and pyrite (cf.
Groves et al., 1974). Gersdorffite may occur in talc-carbonate
rocks, suggesting addition of arsenic together with CO2 during
metamorphism.

Sulphide aggregates display smoothly-bounded equilibrium tex-
tural relationships towards talc and regenerated olivine in disse-
minated and matrix ores from olivine-talec rocks and olivine-rich
grancfelses or tectonites of high grade metamorphic domains con-
firming the presence of sulphides prior to the metamorphic climax.
They range from annealed assemblages of pyrrhotite and pentlandite
with variable quantities of magnetite, pyrite, chalcopyrite and
valleriite, to aggregates with more complex internal textures in
which pyrrhotite tends to concentrate around the margins of sulphi-
de aggregates. Millerite may accompany pentlandite and pyrite in
some sulphide-deficient rocks. The compositions of the sulphide
minerals are consistent with low-temperature parageneses formed du-
ring cooling after the main metamorphic episode (e.g. Misra and
Fleet, 1973). :

A significant feature of the more mineralized olivine-talc
rocks is a tendency for some sulphides to aggregate into veinlets,
some of which are folded. When underground exposures become avai-
lable it will be important to check whether, as suggested by drill
core intersections, these folded veinlets develop into significant
volumes of massive ore. Their presence, together with the tecto-
nite fabrics displayed by silicate-rich rocks, attests the impor-
tance of deformation of the ores during metamorphism.

The massive ores occuring at, or near, contacts of the intru-
sions in high grade metamorphic domains generally possess broad-
scale compositional banding and aligned fabrics, similar to those
described by Bayer and Siemes (1971). They consist mainly of
pyrrhotite, with lesser pyrite and pentlandite, and minor magne-
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tite, chalcopyrite, and gersdorffite. A variety of annealed or de-
formational textures occurs, presumably depending on the degree of
post-metamorphic shearing experienced by these low strength ores.
Many ores from high grade domains suffered further modifica-
tion associated with retrogressive serpentinization of metamorphic
olivines. Hexagonal pyrrhotite is altered to monoclinic pyrrhotite
and both are replaced by pyrite + magnetite. Pentlandite is repla-
ced by violarite and magnetite, and mackinawite and valleriite may
be locally important phases. The effects resemble those arising
from supergene alteration, but are generally only gochemically
significant in samples with less than matrix-type concentrationms.

Geochemistry
Average compositions of various types of sulphide concentration are
listed in Table 2. Apart fiom one partially serpentinized sample,
the sulphide fractions in relict dunites lie close to the pentlandi-
te composition (Fig, 3). Compared to the sulphides in dunite, those
in adrpentinites and associated talc-carbonate rocks have much more
diversified Fe/Ni ratios (Fig. 3), with higher values being typical
of higher sulphide concentrations (Fig. 4). The average of serpen-
tinite sulphide. fractions (Table 2) has higher iron and lower
nickel than dunite fractioms, and the sulphur/metal ratio is aligh-
tly higharq, both features being consistent with mineragraphic ob-
servations. Purther increases in the average Fe/Ni and sulphur/me-
tal ratios are evident for disseminated and matrix sulphides in
olivine-talc rocks and related rocks of high metamorphic grade
(Table 2), but there is again a considerable spread in individual
Fe/Ni values (Pige. 3).

The averages conceal a tendency for disseminated ores, with up
to 20 percent sulphides, to have a similar range of compositions to
the serpentinite sulphides (Fig. &), As required by their mineralo-
gy, the massive ores are particularly rich in both iron and sulphur
(Table 1, Fig. 4).

A systematic decrease in sulphur/selenium ratio from dunites
through serpentinites to olivine-tale rocks and then massive ores
is apparent in the average data of Table 2. The copper and cobalt
contents a~e cited mainly to a;loy comparison with deposits from

I Although Table 2 suggests similar average sulphur and total sul-

phide contents for dunites and serpentinites respectively, sam-
ples for analysis were not selected with this comparison in mind.
Dunite specimens im particular, are biased towards high sulphide
contents.
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other areas; differences in Ni/Cu ratio between sulphide types are
probably not significant, because in serpentinites much of the

copper occurs in valleriite which has not been extracted during
analysis, end in massive ores there is a tendency for chalcopyri-
te to form marginal segregations that have been avoided in
sampling.

Genesis
Magmatic nickel-rich sulphides were present in the dunite intru-
sions prior to their metamorphism, but the only clearly ummodi-
fied exsmples remaining are the interstitial disseminetions in
essentielly relict dunites. The major question is whether the more
sbundant sulphide concentrations in highly metamorphosed gituations
represent deposits which formed by more efficient segregation at
the magmatic stage, and which suffered little compositiomal alte-
ration arising from metemorphic processes, or whether metamorphism
played an important role in their formation. There is some evidence
that relatively deeper levels of the dunite intrusions are exposed
in the higher metsmorphic grade domains (Binns et al., 1975), 8o
that the apparent relationship between style of minerallzation and
metemorphic environment might conceivably be fortuitous.

The attitude of the dunite intrusions when emplaced is not
known, and, due to intense deformation of their country rocks, a
facing direction cannot generally be determined even where they
appear locally concordant in high grade metamorphic settings. The
main Perseverance orebodies occur near the structural hanging wall
of their ultramafic host, and it remains to be demonstrated whether
they have been overturned. If the intrusions were emplaced as sub-
vertical bodies, as we are inclined to believe, gravitational
settling of immiscible sulphides before crystallization of the magme
is unlikely to favour the development of highly concentrated ores
at either contact, Flow differentiation giving rise to central accu-
mulations (Bhattacharji and Smith, 1964), like those in the disse-
minated sulphide occurreances of lower ntuoz'-phia grade enviromments,
appears a more likely process.

Regardless of this difficulty, the geochemistry of the more
concentrated ores is difficult to reconcile with a straightforward
magmatic origin. If these had formed by more efficient settling or
segregation of disseminated sulphide melt droplets, they should
have experienced equal opportunity to equilibrate before crystalli-
zation with similar relatively iron-poor and nickel-rich olivines

to those in the relict dunites and should therefore develop compa-
rable Fe/Ni ratios to the interstitial sulphide fractions found in
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the latter. Detailed studies of the Betheno dunite indicate only
negligible effects of subsolidus re-equilibration om bulk sulphide
compositions during both cooling of the intrusion and subsequent
metamorphic reheating. For samples with more than 2% sulphides
there is insignificant nickel available in the olivines to drasti-
cally modify the sulphide composition, and for the samples with up
to.8% sulphides there can be no effective modification. The nickel-
rich compositions of sulphide fractions in the relict dunites are
thus believed to be genuinely representative of sulphide melts
which exsolved from, or had opportunity to equilibrate with, crys-
tallizing komatiitic magmas. With direct mechanical concentration
of formerly dispersed sulphide melt droplets, there should be
little tendency for the Fe/Ni ratios of bulk sulphide fractions to
depend on sulphide concentrations. The same argument applies to
messive ore developments, unless they became effectively removed
from their host magmas under quite different physical conditions
(e.g. at ligquidus temperatures rather than during the silicate
erystallization interval, or at high pressures prior to irruptionm),
and unless there is a marked change in the partition relationship
between sulphide liquids and olivine or silicate melts under these
conditions. In the volcanic enviromment, an early segregation of
this kind is envisaged in the "eruptive sulphide matte" hypothesis.
advanced by Ross and Hopkins (1976), but in dyke-like imtrusions
the mechanical difficulties of maintaining large independent volu-
mes of sulphide liquid are formidable.

It therefore appears necessary to appeal to processes of
metamorphic modification for an explanation of the progressive
changes in sulphide geochemistry shown in Table 2. Whether effects
associatied with high grade metamorphism are also responsible for the
creation of more concentrated and exploitsble ores is an indepen-
dent question deferred until lster. The following discussion is
based on the premise, as discussed above, that there is no justi-
fiable magmatic mechanism for creation of the diversity of bulk
suiphido compositions in the sltered ultramafic rocks.

In the serpentinites and talc-carbonate rocks from low grade
metamorphic domains, the observed replacement of pentlandite and
magnitite by pyrrhotite in sulphide-rich samples, and of pentlan-
dite by millerite and heazlewoodite in sulphide-poor samples; are
consistent with the diversification of Pe/Ni ratios, with She
simultaneous increase in Pe/Ni and sulphide ebundance, and with the
overall increase in average Fe/Ni relative to sulphide fractionms
in relict dunites. These changes may be ascribed inm part to the
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uptake by sulphides of Fe and Ni released during serpentinization
of olivine. The role of magnetite, and correspondingly of oxida-
tion conditions, is clearly important, as discussed in more detail
by Groves et al, (1974) and Eckstrand (1975). However, the small
but significant increase (rather than decrease) in sulphur to me-
tal ratios (Table 2), and the pronounced increase in 5/Se from du-
nite to serpentinite ores, indicate that such localized reactions
are not the complete answer. Available data suggest no obvious
depletion of iron in the silicate and oxide fractions of the more
mineralized serpentinites, so that considerable redistribution of
iron, and presumably also the small amount of nickel formerly
. contained in clivine, appears to have occurred over large distances
during serpeatinization. This aspect is difficult to evaluate since
"equal volume" serpentinization is characteriacic of this atage of
alteration and requires an open systen .

The increases in sulphur/metal ratio (possihly arising from
the replacement of magnetitie by pyrrhotite), and in S/Se, strongly
suggest addition of sulphur during serpentinization from some site
external to the ultramafic host. Suitable sources are in fact avai-
lable within pyritic metasedimentary rocks adjacent to the dunite
intrusions. These are relatively poor in selenium (5/Se = 20000 to
70000), and commonly have textures indicative of conversion of
pyrite to pyrrhotite: i,e., consistent with their loss of sulphur.
During serpentinization, the dunite sulphides are in effect sub-
Jjected to a hydrothermal environment, in which sulphur species are
an important component, but for which few relevant experimental
data are available to assess transport mechanisms.

In the olivine-talc rocks of high grade metamorphic environ-
ments, disseminated ores display much the same spectrum of Fe/Ni
ratios as those in serpentinites. These may be explained by more
intense metamorphism of sulphides similar to those observed in
serpentinites and talc-carbonate rocks, with little extra inter-
change of Fe and Ni between sulphides and silicates. Dehydration of
gerpentinite (or decarbonation of talc-carbonate rocks) to forste-
rite plus talec at high temperatures involves a decrease in volume
of the silicate fraction. This would cause an effective increase
in sulphide content amounting to only about one gquarter for a pre-

Due to the density differences between olivine and serpentine, an
effective increase in weight percent sulphides should occur during
"equal volume" alteration, but as indicated previously this is
likely to be concealed in our data by biased sampling.
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existing concentration of 20% sulphides, so this process alone,
although potentially able to convert a margimal sulphide concen-
tration into an exploitable orebody, is insufficient to produce
the more enriched disseminations. The latter generally show a
further increase in sulphur/metal and S/Se ratios relative to
serpentinite ores, a trend that is even more marked for concentra-
tions exceeding 20 percent sulphides (which have higher Fe/Ni ra-
tios; see Fig. 4). This suggests either that there has been more
sulphur added during high grade metamorphism, plus further extra-
ction of iron from silicates, or that these processes were effec-
tive to a greater extent during serpentinization for ultramafic
rocks originally carrying greater amounts of sulphide.

Bulk analyses of mineralized olivine-talc rocks, and electron
probe data for their silicate constituents, do not indicate any
depletion of iron from the latter during metamorphism. In fact the
relationships are the opposite to that required to cause the obser-
ved increase in Fe/Ni of the sulphide fractions with increasing
abundance. A regular partition relationship has been imposed during
metamorphism, whereby the olivines in samples carrying abundant
Fe-rich sulphides have lower Ni and similar or higher Fe contents
than olivines associated with less concentrated, more Ni-rich
sulphides (Binns and Groves, 1976). Another difficulty is that many
mineralized ultramafic rocks rich in metamorphic olivine may not
have suffered an earlier serpentinization.

An alternative possibility is suggested by the pronounced
deformation effects visible in many samples from high grade meta-

" morphic domaina, such as tectonite fabrics in silicates and sulphi-

des, and development of folded sulphide veins. Differing ductility
of sulphides and silicates should allow segregation of these two
constituents during penetrative deformation of mineralized ultrama-
fic rocks, and the former would be expected to migrate via highly
sheared zones into structural traps such as flexures or fold hin-
ges. Since deformation is likely to be concentrated at the margins
of the dunite intrusions, this offers an explanation for the de-
velopment of richer disseminated ores, matrix ores and even massive
ores at dunite contacts in high grade, dynamic-style metamorphic
domains, and their absence in lower grade, static-style domains.
The exposures in mine workings needed to test this hypothesis are
not yet available in the dyke-like ultramafic hosts.

The relative timing of deformation and high temperature rec-
rystallization would have been very significant. Importantly the
composition of most sulphide aggregates, combined with evidence
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for rapid diffusion rates in the Fe-Ni-S system (e.g. Naldrett et
al., 1967), dictates that - they should have reverted to monosul-
phide solid solution (Mss), or Mss should bave become the dominant
phase under mid to high amplibolite facies conditions (T = 600°C).
Sulphide enrichments formed by purely mechanical segregation at
high temperatures should not in this case show markedly higher
Pe/Hi ratios than the pre-existing disseminations from which they
were derived. However, structural studies in the Eastern Goldfields
Province suggest that much deformation generally predated the high
temperature metamorphic climax. Under these circumstances, the
shearing of a lower temperature pyrrhotite-pentlandite-pyrite
aggregate might lead to preferential segregation of highly ductile
pyrrhotite (e.g. Clark and Kelly, 1973) end thereby to Fe-emriched
matrix and massive ores. However, there are no residual very nickel-
rich sulphide concentrations, and this would explain neither the
observed increase in sulphur to metal ratios of the more concentra-
ted ores nor, more particularly, the increase in S/Se ratio

(Table 2)1. A further introduction of sulphur from cutside the
ultramafic host, eand redistribution of Fe over considerable distan-
CeS appears necessary.

Hydrothermal coaditions would once more be operative during
the high grade metamorphism, especially while the serpentine break-
down reaction was in progress. An important parameter in dynamic-
style zones may be stress-induced diffusion of both metals and sul-
phur. More rapid diffusion of iron relative %o nickel would avoid
the necessity for, or supplement, the preferential segregation of
pyrrhotite, and such hydrothermal processes operating together with
mechanical concentration of sulphides could collectively produce the
sulphide distributions and compositions observed in high grade me-
tamorphic environments.

Clearly, the mechanisms involved during deformation and high
temperature metamorphism of mineralized ultramafic rocks are poorly
understood at this stage. Abundant scope exists for further study .
and relevant experimental work.

! Analyses of separated pyrrhotite-pentlandite pairs from several
ores indicate that selenium is spproximately equally distributed
between the two.
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MINERALTSATION IN VOLCANIC-SUBVOLCANIC HOSTS

Nature of Mimeralisatien
All known deposits in volcanic-subvoleanic ultramafic hosts lie
in amphibolite facies environments., Kembalda and Scotia (Fig. 1)
occur in static-style medium grade (low amphibolite facies) do-
mains, Windarra in a highly deformed, mid amphibolite facies area,
and the remainder in dynamic-style, high grade (high smphibolite
facies) domains.

At Scotia, the ultramafic host is mineralised immediately ad-
Jacent to a marked structural discontinuity between overlying, re-
latively undeformed peridotitic komatiite wvolcanic rocks, and an
intensely deformed footwall of amphibolites and felsic schists. At
Eambalda, neither the ultramafic sequence nor the footwall metaba-
salts normally show penetrative foliations or lineations, but the-
re is evidence of pre-metamorphism deformation concentrated along
the basal contact of the ultramafic host unit where the mineralisa-
tion occurs. Deposits in higher metamorphic grade environments show
a more definite relationship to structures such as major folds
(Windarra), or less propnounced flexures and major shear zones
(Nepean and Widgiemooltha deposits). Underground mapping at Hepean
and Windarra has revealed a distinct structural control on locali-
zation of matrix and massive ore, either of which may be remobili-
zed into the underlying footwall rocks along shear zones or in
tight fold structures. In all deposits, textural integration bet-
ween sulphides and silicates indicate that the former underweat the
metamorphism.

Magmatic Model
Where facing evidence (e.g. spinifex textures) is evident in the
agsociated metavolcanic rocks, it is apparent that major ore con-
centrations occcur at or near the lower contact of the mineralised
ultramafic units, A typical ore sequence described by Ewers and
Hudson (1972) at Lumnon Sheoot, Kambalda, and applied by Hudson
(1973) to the Nepesn deposit, consists of progressively more con-
centrated disseminated mineralisation passing downwards into a
sharply delineated body of matrix ore, with an abrupt contact
against basal massive ore lying on the footwall contact. This
sequence has been interpreted as & direct result of gravitational
settling of liguid sulphide droplets through an olivine-bearing
ultramafic magma. The massive ore is thought to represent a basal
pool of accumulated sulphide melt, the matrix ore an overlying
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layer where sulphide liquid displaced the residual ultramafic
liquid from between olivine crystals (the latter being prevented
from fleating upwards by the weight of overlying crystalline mush),
and the disseminated zone a frozen situation trapping sulphide
droplets that were unable to settle completely (Ewers and Hudson,
1972; Hudson, 1972, 1973; Naldrett, 1973). Detailed mapping and
geochemical investigations of gangue constituents are not always
consistent with this model and considerable local variations are
common in the mineralisation sequence. In an attempt to overcome
such difficulties, Ross and Hopkins (1976) suggested that the ma~
ssive ore was erupted separately as a sulphide matte "flow" and
was then overlain by an ultramafic flow from which the matrix and
disseminated ores settled.

It is clear that all of these deposits have suffered metamor-
phism, and many were strongly deformed. Assuming initially that
magmatic sulphides were present in one form or another prior to
metamorphism, it is necessary to evaluate first what compositional
changes have been imposed on them during recrystallisation, and
secondly whether metamorphic and deformational processes offer an
alternative method of producing the concentrated matrix and meassive
ores.

Geochemistry
Since no deposits of this type are known from unmetamorphosed or
low grade metamorphic domains, it is not possible to trace a sequen-
ce of chemical changes in sulphide fractions similar to that for
dyke-like deposits. Their presént compositions, however, are rela-
tively irom-rich, particularly in the case of mstrix (range of meéan
Fe/Fi = 1,7 to 5.2) and massive ores (range of mean Fe/Ni = 2.1 to
5.9). Since the compositions of relict olivines in periodititic
xomatiite flows and in the Scotia and Durkin Shoot (EKambalda) ultre-
mafic hosts are similar to those of réelict dunite intrusions, it
may again be argued that megmatic sulphides, which had the opportu-
nity to equilibrate with crystallising komatiitic ultramafic magmas
before they settled under the influence of gravity, should have
nickel-rich compositions (Fe/Ni equal to or less than unity). By
analogy with the metamorphosed dunite intrusions, it appears most
likely that their compositions have been severely modified during
serpentinization and other metamorphic reactions, particularly as
there is no convincing magmatic process to explain the compositio-
nal varlation. Once more, the effectively hydrothermal environment
to which the sulphides were subjecteé throughout metamorphism, 2nd
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the availability of external sulphur within associated metasedi-
mentary rocks and to a lesser extent metamorphosed volcanic rocks,
are important aspects to be considered.

Genesis

The structural setting of ore concentrations in volcanic-3ubvolca-
nic ultramafic hosts has been emphasized above, De.alled studies

at Kambalda and Nepean indicate that, as in the case of the Junite
intrusions, the most intense deformation occurred prior to %he higa
temperature metamorphic climax., While this makes it difficult to
interpret structural aspects of ore in underground exposures, it
also allows opportunity for mechanical segregation and enrichment
of sulphides even in "static" metamorphic environmerts such as Eesm-
balda. Remobiligation features are most conspicuous in the massive
ores, which éouonly have aligned fabrics and may depart from their
host uitramafic rocks and become sheared or folded into the foot-
wall rocks, At Nepean, some matrix ores appear siailarly remobili-
zed, but at the present time it is not clear how widespread such
effects were. The sharp boundary commonly dividing relatively rich
dissemi.ated ore cnd matrix ore could be a structural rather than
original discontinuity.

Detailed studies are in progress on volcanic—suovo}.‘anic depo-
sits to test the applicability of the suggestions alvan-ed abcve.
These, in turn, may help to explain the restv._ction of concentrated
sulphides in metamorphosed dunite intrusions to high grade, defor-
med metamorphic settings. Unfortunately many or3s have experien-
ced further deformation after the main metamorphism, pnssibly asso-
ciated with retrograde alteratior, and this leads vo difficulties
in intespretation. For example, much of the distinctive banding,
and widespread deformation textures such .s twinning and kinking
in pyrrhotite and chalcopyrite, in massive ores wppears to be rela-
ted to this posrt-metamorphic deformation It wou’d be premature at
this stage to claim that generalizations can be made about the re-
lative importance of magmatic ani metamorphic-structural concentra-
tion mechanisms., However, it can be poinsed out that some criteria
formerly advanced to support magmatic models reguire re-appraisal
in the light of the metanorphosed nature of these deposits.

For example, during high teaperatvie metamorph’sm, most volca-
nic-subvolcanic ores should have reverted tc a Mss, from which the
present pyrrhotite-pentlandite-pyrite parageneses would have formed
during later cooling at temperatures probably weil below 300°C
(Groves et al., 1975). Consistency between olLserved mineralogy and
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erystallisation experiments in the system Fe-Ni-S thus has limited
" bearing on the peak metamorphic stago; and even less bearing on
the magmatic stage in the development of these ores.

To interpret the matrix ore zones as a former layer, where an
olivine framework was prevented from floating by the weight of
overlying semicrystalline mush, requires that the relative propor-
tions of sulphides and silicates should be consistent with close
packing of the latter. In the Western Australian matrix ores the
gangues are composed of metamorphic silicates texturally inter-
grown with the sulphides, and it is necessary to recalculate the
abundance relationships after correcting for volume changes during
metamorphic recrystallization. Where performed, such calculations
indicate that sulphides are generally too abundant in typical
matrix ores; i.e. according to the magmatic model the igneous si-
licates should have floated away. This lends indirect support to
the concept of sulphide enrichment by mechanical segregation during
deformation.

Extensive metasomatic reaction zones characterised by successi-
ve layers of blotite, chlorite, tremolite, anthophyllite, etc., are
commonly developed at the contacts between volcanic-subvolcanic
ultramafic rocks and adjacent country rocks such as amphibolites
or metasedimentary schists, especially where sulphide deposits are
lacking. The gangue constituents in many massive ores and some
matrix ores have mineralogical and geochemical affinities with such
reaction zones, and care must be taken not to interpret these gan-
gues as the isochemical metamorphic products of chilled margins or
other contact variants of the original igneous host unit. Some
reaction zones contain chromite layers of clearly metasomatic
origin, and thus caution should be exercised in assessing chromite-
sulphide relationships in magmatic models.,

METAMORPHIC NICEEL SULPHIDES (?7)
Direct evidence for the existence of magmatic sulphides in the du=-
nite intrusions has bBeen discussed above, but this need not ne-
cessarily apply to the more concentrated ores of higher grade me-
tamorphic eovironments. Here it has been suggested that redistribu-
tion of ironm and lesser nickel from silicates occurred throughout
the host rocks during serpentinization and probably also during
higher temperature dehydratioh reactions. The possibility that so-

me nickel deposits were ‘dctually created by metamorphic processes
is considered below.
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In this connection the abundance relationships between sulphi-
de nickel and selenium in sulphide concentrations of wvariously al=-
tered dunites are instructive. Selenium contents are high relative
‘to sulphur in the sulphide fractions of relict dunites, but very
low in metasedimentary country rocks that represent the proposed
source of sulphur for the modified compositions of the metamorpho-
sed ores. Selenium can therefore be used with some caution as a
"geochemical tracer" for magmatic sulphides. It appears that,
despite varying abundances of sulphides or metamorphic environment,
the Ni/Se ratio of bulk sulphide fractions shows limited variation
(Pig. 5) implying that the greater proportion of nickel in these
ores was originally chalcogenic. In contrast, Fe/Se and S/Se ratios
show considerable wvariation in the same sample group.

A constant Ni/Se relationship is also shown by ores from vole~
canic-subvolcanic hosts indicating that here too the majority of
the nickel now found in sulphide fractions was originally chalco-
phile and has not been extracted from silicates by sulphurization
processes (cf. Naldrett, 1966) during metamorphism. In these depo-
sits, there appears to be no convincing alternative explanation to
magmatic processes for the normal basal position of the ores within
their hosts. At Nepean, there is a development of matrix and
massive ores on the hanging wall of the ultramafic hody which also
carries the main footwall deposits, but it is likely that this owes
its origin to re-location of normal footwall ores during shearing
(Barrett et al., in press), and cannot be used as evidence against
gravity settling.

The ores in wvolcanic-subvolcanic ultramafic hosts are distin-
ctly more copper-rich than those in metamorphosed dunite intrusions;
Ni/Cu ratios range from 10 to 15 in the former compared with 25 to
100 in the latter. It appears very unlikely that such a contrast
would occur if all the sulphides were created by sulphurization
processes during metamorphism, but the trend suggests a basic geo-
chemical correlation between magmatic sulphides and ultramafic host
compositions (Table 1) which can be extended towards the much lower
Ni/Cu ratios (close to unity) of magmatic sulphides in peridotites,
norites, and gabbros from other parts of the world (cf. Skinner
and Barton, 1973). A final point in favour of the essentially mag-
matic parentage of volcanic subvolcanic deposits is the occurrence
in most matrix ores of distinctive ferrochromites and/or ghromian
magnetites., These, unlike relict magmatic or metamorphic chromites
associated with silicate constituents in Yilgarn ultramafic rocks,
are virtually devoid of Mg and Al. They appear to represent relict
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spinel phases surviving from the original crystallization of a sul-
phide-oxide melt (cf. Ewers et al., 1975).

No convincing evidence has yet been found for the large scale
forlation of nickel sulphide deposits by direct metamorphic pro-
cesses. On a local scale, however, small concentrations do occur
which can be attributed to such an origin. Minor nickel suphides
occur in some of the metasomatic reaction zones referred to pre-
viously (e.g. at Nepean; Barrett et al., in press), and in the
"hanging wall™ deposits (Ross and Hopkins, 1976) at Kambalda there
are metasomatized spinifex-textured flow tops in which the former
quench textured olivines have been replaced by biotite and the
former glassy groundmass by pyrrhotite and pentlandite. Certain
sulphide-rich metasedimentary schists at Windarra show replacement
of pyrrhotite by pentlandite where they lie in close proximity to
ultramafic rocks in particular structural positions. These occu-
rrences are of minor commercial significance, but they do demos-
trate the importance of presumsbly hydrothermal tramsport of nickel
and other elements during metamorphism. These are the processes
which, although poorly understood, probably have a much wider re-
levance to the modification suffered by metamorphosed magmatic
sulphides.

SUMMARY
The provisional conclusions of our project are that most of the
nickel esulphides in buth the intrusive and subvolcanic-volcanie
ultramafic hosts in the Eastern Goldfields Province of Western
Australia were derived from originally magmatic sulphides. Thus,
from tks genetic point of view they may be classed as metamorpho-
sed deposits. However, the chemical end mineralogical changes en-
gendered by metamorphic reactions have been considerable. In terms
of commercial extraction and ore dressing, these reactions can be
either bensficial and undesirable, so they should not be neglected.
The restriction of large, relatively concentrated deposits to the
higher grade metamorphic environments is a striking feature of the
Yilgarn occurrences. Although further research remains to be done,
particularly when more underground exposures berome available du-
ring mine development, it is suggested that structural relocation
together with mechanical segregation and enrichment related to de-
formation are major factors im the creation of viable orebodies.
On this basis the economically-important Western Austrslian nickel
deposits could be classed as metemorphic orebodies. Metamorphism
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and deformation are therefore important parameters to be considered
during exploration programmes. '
The necessity to understand metamorphic features of ore depo-
sits also deserves great amphaaié in genetic studies, particularly
for Archaean environments: however, metamorphic studies appear to
be the most common ommission from ore genetic studies in such envi-
ronments, The examples discussed here should serve to stress the
importance of assessing possible metamorphic alternatives when in-
terpreting other models for ore formation in metamorphosed terrains.
Although we have examined a large number of deposits, one aspect of
our research constituting grounds for possible criticism is that
these are not entirely representative. We hope this article will
stimulate other studies, especially of possible equivalents of the
volcanic-subvolcanic category of nickel sulphide deposit in less
metamorphosed, less deformed areas of other Archaean cratons.
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Table

Average compositions of ultramafic hosts to nickel sulphide

1

mineralization in Western Australia, and related rocks

1 2 3

810, 41,7 41,0 45,7  46.6
110, 0,02 0.01 0.21 0.23
A1,0, 0.57 0.14 3.1 5.3
cr,0 0.28 0.21 0.56 0,37
Pe0 (%) 7.8 7.3 8.8 10,0
MnO 0.09 0.1 0.13 0.17
Mg0 49,2 50.9 40,0 33.1
ca0 0.24 0.16 135 3.9
Ka,0 0.04 0,03 0.05 0.28
K0 0.01 - 0.01 0.08 0,06
3205 0,02 0.02 0.02 0.01

1. Metamorphosed dyke-like hosts(50)

2. Unmetemorphosed dunites (8)

3. Metamorphosed volcanic-subvolecanic hosts (58)

4, "B Zones" of spinifex-textured lavas (8)

All data calculated on a volatile-free basis. Total iron expressed
as Fe0O. Equal weight given to each locality studied. The total
nusber of analyses used is listed in parenthesis.
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Table 2
Average comoaitions’ of sulphide fractions in dunite
dykes and their metamorphosed derivatives

1 2 3 4
wE. %
Fe 0.80 1.06 6.80 36,6
Co 0,014 0,026 0.052 0.14
Ni 1.01 0.68 2.37 6.1
Cu 0.039 0,007 Q.10 0.076
Zn 0,005 0,003 0,011 0.016
s 0.92 0,9 6.27 32.9
Total sulphide 2.79 2.74 15.60 75.8
ppm Se 1,40 0.78 2.33 7.8
Wt. ratios
Fo/Ni 0.79 1.56 2.87 6.0
Hi/Cu 26 100 24 80
Hi/Co 73 26 46 44
in 8/Se 6010 12300 26900 42400
i Atom ratio .
B S/metal 0.89 0.96 1.19 1.35

1. Disseminated sulphides in ummetamorphosed dunites (9)'

2. Disseminated sulphides in serpentinites and talc-magnesite rocks
from low and medium grade metamorphic domains _(1&)

3. Disseminated and matrix sulphides in olivine-talc rocks and
olivine-rich tectonites from high grade domains (22)

4, Massive sulphides from high grade domains (5)

Cumulative averages of individual analyses (number given in

parenthesis). .
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F i g. 1. Sketch map of the Eastern Goldfields Province, Yilgarn

Block, Western Australisa, showing principal localities mentioned
in the text
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F ig. 2. Average compositions of Western Australian ultramafic
rocks expressed in terms of HgO-CaO-Alzo (see inset). Unmetemor-
ohosed dunites from Betheno (3), Perseverance (2), and Mount Hope
(3) all fall close to the same point. Metamorphosed dyke-like hosts
to mineralization cluster around this point near the magnesia apex.
Volcanic-subvolcanic hosts are richer in Ca0 and A120} than the
metamorphosed dunites, but are more magnesian That the basal B-zo-
nes of spinifex-structures peridotitic komatiite flows.

Localities plotted in the intrusive dunite category include
Mount Keith (9), Lake.Miranda (7), Perseverance (4), Black Swan
(5), Mount Hope (4), and Cosmic Boy (10), Other deposits and pros-
pects of this type studied are Wiluma, Honeymoon Well, Kingston,
Six Mile Well, Sir Samuel, Weebo, Mount Ida (?), Bullfinch, Liquid
Acrobat and cther Forrestania prospects. Those plotted for the
volcanic-subvolcanic hosts are Mount Windarra (7), Scotia (3),
Carnilya Hi11(3), Lunnon Shoot, Kambalda (22), Nepean (4), Spargo-
ville (3), Mount Edwards (1), and Wannaway (12). Others of this
second type studied include South Windarra, Mount Clifford (?),
Bardoc, Miriam, Jubilee, other Kambalda and Widiemocltha-Pioneer
deposits, St. Ives, Diemals, Trough Well, Figures in parenthesis
indicate the number of analyses used to obtain averages
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F ig. 3. Composition of sulphide fractions from dyke-like ultra-
mafic hosts in terms of Fe-FNi-S. The symbols denote sulphides from
relict dunites, serpratinites and talc-magnesite rocks from low-
medium grade metamor,hic domains, and olivine-talc rocks etc., from
high grade metamorphic domains, respectively. The field of synthe-
tic monosulphide solid solution (Mss) at 600°C (Naldrett et al.,
1967) is shown to indicate that, although some ore compositions
fall outside the compositional range expected of magmatic sulphides,

most would revert to Mss-dominated assemblages at high grade meta-
morphic conditions
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P i g 4. Relationship between abuhdance and composition im sulphi
de fractions from dyke-like ultramafic hosts, divided according to
metamorphic setting as in Fig. 3.

P i g. 5. Relationship between nickel and selenium contents in
sulphide fractions from dyke-like ultramafic hosts, divided accor-
ding to metamorphic setting as in Fig. 3. The line represents an
overall average Ni/Se ratio of 9000



XJHK payrrep (Pyussus)
0 EPK JOKEMEPUS PYMMHCKUX KAPIAT U ETO METAJJIOI'EHMH

HG.Kr&dutner (Roumanie)
APERCU SUR LE PRECAMBRIEN DES CARPATES ROUMAINES ET i
LA METALLOGENESE ASSOCIEE

The Precambrian rocks of the East Carpathiams correspond to
the Upper Precambrian ( 1600 - 575 m.y.) They belong to two
sedimentary and magmatic cycles. Each of these cycles was
followed by a regional metamorphism during respectively the
Dalslandian and the Young Assynthian (Baikalian phase) tecto-
genesis. The lithostratigraphic sequences of these two folded
systems are named: Upper Precambrian A (= 1600 - 800+50 m.y.)
and Upper Precambrian B (800450 - 575 m.y.).

The Dalslandian metamorphism has been developed under

high pression condition of the Barrowian type. In restricted

areas some new mineral assamblages have been formed under low
pression conditions. These new parageneses may be explained
either by late Dalslandian thermic domes, or by a2 Hercymian
overprint, The Assynthian metamorphism hkas been developed
under lower pression conditions of the Barrowian type.

In the Upper Precambrian A two metallogeneti: provinces
may be noticed. The first is characterized by magnetite ores
in amphibolites, concentrations of manganese si’icates and
carbonates in schists and quartzites, copper-iron ores in
amphibolites, and iron oxyde ores of Lahn-Dill type. The
secund is represented by stratiform lead-zinc ores of Missi-
ssippi Valey - Bleiberg - Silisia type. The metallogemesis of
the Upper Precambrian B may be also referred to two provincos?
The first is represented by stratiform pirite ores and singe-
netic manganese deposits associated with basic volcanics, the
second is characterized by volcano-sedimentery pirite and base
metal ore deposits of Kurocko type.

Some concluding remarks as to correlation ponaibilitiol
of the four Precambrian metallogenetic provinces and the plate
tectonics concept are given. '
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Dans les Carpates Roumaines le Précambrien est représenté ex-
clusivement par des roches métamorphiques largement répandues dans
toutes les unités tectoniques de la zone cristalline centrale. Les
différentes séquences lithostratigraphiques reviennent exclusive-
ment au Précambrien supérieur (dans le sens de 1'intervalle 1600~
575 m.a.). Elles sont connues dans la littérature de spécialité
sous différents noms locaux. La distribution de ces séries métamor-
phigues et leur corrélation stratigraphique sont indiquées dens
le tableau 1.

Par contre dans l'avant-pays carpatique la partie supérieure
du Préceambrien supérieur apparait tout spécialement sous un facids
anchimétemorphique et repose transgressivement sur les formations
attribuées au Précambrien moyen (Carélides) et au Précambrien in-
férieur (Archéen). Entre le Précambrien du Plateau Moldave et de
la Dobrogea et le Précambrien du bouclier ukrainien apparaft ainsi
une similitude évidente, alors que le Précambrien carpatique s'in-
dividualise comme des provinces pétrographiques et métamorphiques
distinctes, présentant quelques traits communs avec le Précambrien
des Alpes, des Sudétes et du massif de Bohéme.

Les premidres tentatives de faire des corrélations stratigra-
phiques et de grouper en cycles tectonomagmatiques les formations
précambriennes de Roumanie ont été effectuées par Codarcea-Dessi-
la, 1967; Glugecd et al,, 1969; Krdutner, Sawu, 1975).

Des travaux d'ensemble sur la métallogendse du Précambrien des
Carpates ont été réalisés & 1'Institut Géologique de Bucarest,
notamment: élaboration des cartes métallogéniques de la Roumanie
(aux échelles des 1:2500000%, 1:1000000° et 1:200000%°) (Ianovici
et al,, 1966; Savu et al., 1970).

1. Délimitation stratigraphique.

Vers la partie supérieure les séquences qui comportent le Pré-
cambrien sont délimitées par le cirstallin hercynien représenté par
une couverture sédimentaire paléozoIque (Silurien-Carbonifére infé-
rieur) métamorphisée dans la phase suddte (KrHutner, 1975). La
discordance stratigraphique et de métamorphisme-d'entre les dépéts
paléozoIques métamorphisés et le soubassement cristallophyllien du
Précambrien, intensément affecté par la rétromorphose hercynienne,
apparait de maniére évidente dans toutes les trois unités structura-
les majeures des Carpates Roumaines: Carpates Orientales, Carpates
Méridionales et Monts Apuseni. Compte tenu des données paléontolo-
giques (Flexicalymene, Eucrinurus etc., Stanoiu, 1971) et palynolo-
giques (Chitinozoaires, V.Iliescu, Krdutner, 1975) la transgression
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Tab, 1. Division et correlation du Precambrien de ]la Roumanie

AGE Carpathes Avant Pays
[ Cambrien |____] 510=550 m.a, Evenement assyntique
i (Phase baikalienne)
—570 m.a. C.0. Lt s === il
| SRR g D.C. Série de Balmgesti
| J C.M, (sécteur sud) Série de Leaora Sf’i" des grauwackes
[ (Vendm;)‘ (ﬂaPP" Gérique} Série de SlhlSEl ( SChlE[e!.i vérres de
. e - Boita = Dhbica Dobrogea®)
L P (Fendtre Danubien) Série de Lainici-Paiusi,
| B Se:rie de Corbu,
Serie C‘Iaanut D.N. Série de Megina
| M.A. (Autohton de Bihor) Serie de Arada Serie de Boclugea
(nappes deCodru)  Série de Biharia
Série de Muncel
800—850 m.a. Evénement dalslandien o]
C.0. Sdrie de Bretila-Rariu D.N. Série de Orliga
Série de Rebra-Barnar
C.M. (secteur est)  Série de Figiras
Precambrien Série de Cumphna-Cozia &
Superieur D.C. Série de Altin Tepe
A
(nappe Gérique) Série de Sebes-Lotru
(fenétre Danubien) Série de Drigsani
Serie de Neamtu
M. A. (nappes) Série de Baia de Aries
(autohton de Bihor) Série de Somes
~~ = 1500 m.a, Evénement karélien |
Precambrien D.S. Formation de
Moyen Palazu Mare
Y (Krivoi Rog)
2500 M.8 4 Py
Precambrien ; ]
Inferi Gneiss et granites
nierieur
(Archéen)

Abréviations: C.0. - Carpathes Orientales; C.M. — Carpathes Me-
ridionales; M.A. - Monts Apuseni; D.N. - Dobrogea de Nord;
D.C. - Dobrogea Centrale; D.S. - Dobrogea de Sud.
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paléozoIque débute dans les Carpates par le Silurien inférieur
(eventuellement, par endroits, par 1'Ordovicien).

Dsns la partie supérieure des séquences qui englobent le Pré-
cambrien supérieur on a identifié des associations palynologiques
vendiennes (Iliescu, Krdutner, 1975) et des associations qui mon-
tent jusque dana le "ambrien inférieur (Iliescu, Muregan, 1972;
Visarion, Dimitrescu, 1971). Ces données sont en concordance avec
198 ages isotopiques Pb-Pb de 560 m.a. obtenus pour les minerais
syngénétiques intercalés dans la méme formation (Minzatu et al.,
1975), avec les dges moddle K/Ar de 520-550 m.a. pour les granitol-
des syngénétiques (Minzatu et al., 1975) et avec les &ges isochrones
K/Ar de 510 m.a. dv métarorphisme synorogéne de la séquence du Ven-
dien-Canbr.en iuférieur (série de Tulghes) des Carpates Orientales,

Ces donri.:z nous portent & admettre que le cycle tectonométa-
morphicue de la partie supérieure du Précambrien (assyntien) achdve
r.: activité dans le domalne carpatique pendant le Cambrien infé-
rieur ou moysn, don. par le diastrophisme balkalien.

Les séquences lithostratigraphiques du Vendien et du Précam-
brien supérieur, métamorphisées sous le facids des schistes verts,
eont séparées de leur soubassement cristallophyllien métemorphisé
sous le facids des amphibolites & almandin, par une discordamce
angulaire et de métamorphisme. Ce soubassement mésométamorphique
est affecté sur de larges surfaces par le métamorphisme régressif
balkalien. Les relations de discordance stratigraphique et de méta-
morphisme susmentionnées apparaissent dans les Carpates Méridionales
ot les Monts Apuseni. Dans les Carpates Orientales ces deux unités
lithostratigraphiques se trouvent en superposition tectonique, car
elles sont englobées dans des nappes différentes.

Les domnées palymologiques (Visarion, Dimitrescu, 1971; Iliescu,
Myregan, 1972) conduisent & placer les séries métamorphiques sous-
Jacentes par rapport au systdme plissé balkalien (assyntien tardif),
toujours dans le Précambrien supérieur (Fibularix, Millaria inflexa,
Scintilla, Catinella polymorpha, Margaminuscula, Leiominuscula) fait
qui est en corcondance avec les dges isotopiquea Fb-Fb de 800 m.a.
obtenus sur des minerais syngénétiques (Minzatu et al., 1975). Les
données radiochronologiques indiquent pour le métamorphisme de ces
séries un dge moyen de 800450 m.a. (Rb/Sr = 830 m.a., Bagdasarian,
1972; moddle K/Ar = 700 m.a. et isochrone K/Ar = 750-900 m.a.).

On remarque donc dans le Précambrien supérieur des Carpates
Roumaines l'existence de deux systédmes plissées correspondant & deux
cycles tectonomagmatiques, chacun accompagné par un métamorphisme
régional et par des granitoldes synmorogénes. Ces deux séquences li-
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thostratigraphiques sont séparées par une discordance correspondant
& 1'événement dalslandien (fig. I, 2).

Le Précambrien supérieur des Carpates Roumaines est constitué
donc par deux umités lithostratigraphigues. Conformément & la 1é-

gende de la carte au 1¢50000° de la République Socialiste de Rou-

manie, ces unités stratigraphiques on été dénommées: Précambrien

‘ supérieur A et Précambrien supérieur B. Des équivalents stratigra-

phiques de ces deux umités apparaissent aussi dans l'avant-pays
des Carpates (Dobrogea).

Compte tenu des dommées géochromologiques présentées et de
leur corrélation avec celles connues de l'avant-pays on.fpatiquo
(Dobrogea, Gin;&'n et al., 1967, 1969) les unités lithostratigra-
phiques séparées dans le Précambrien supérieur correspondent aux
suivants intervalles de temps:

Précambrien supérisur A - 1600 m.a. - 800450 m.a,

Précambrien supérieur B - 800450 m.a. - 575 m.a.

2. Lithologie et lithostratigraphie

Précambrien ag&iour . Il est représenté par une séquence
puissante de plus de 10.000 m qui au point de vue lithostratigra-
phigue comporte deux unités principales:

a. une unité (en position inférieure) constituée de manidre
prépondérente par des roches gneissiques (gneiss oeillés, gneiss
quartzo-feldspathiques, paragneiss etc.) en alternmance avec des
amphibolites et localement associées A des roches migmatiques (sé-
rie de Bretila-Rar¥u, Cumpana-Cozia, Tincova, partie inférieure
de la série de Sebes-Lotru etc.). La partie basale et le soubasse-
ment de ces séries mésométamorphiques n'affleurent pas dans les
Carpates;

b. une unité (en position supérieurs) représentée de mamnidre
prépondérente par des micaschistes et par une formation carbonatée
constituée par une alternance de calcaires, dolomies, amphibolites
et micaschistes (série de Rebra-Barmar, Pigiirag, Baia de Aries).

Ces deux umités lithostratigraphiques sont connues dans les
trois secteurs structuraux majeurs des Carpates.

Précambrien supérieur B. Il comporte la ségquence sédimentaire
métamorphisée sous le facids des schistes verts qui repose trans-
gressivement et avec discordance de métamorphisme sur le Précam-
brien supérieur A. La partie inférieure de la succession lithostra-
tigraphique n'apparait que dans les Carpates Méridionales et les
Honts Apuseni; dans les Carpates Orientales elles fait défaut, vu
les relations tectoniques, Elle est représentée par une formation
volcanogdne-sédimentaire basique (schistes verts, schistes chlori-
teux a porphyroblastes d'albite) associde fréquemment A des roches
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calcaires et & des dolomies (série de Biharia, Arada dans les
Monts Apuseni; séries de Sibisel-Boija ou D¥bfca - dans 1'unité
Gétique des Carpates Méridionales). La partie supérieure de la
succession est représentée par une séguence détritogdne qui englo-
be, vers la partie supérieure, des formations volcanogénes-sédi-
mentaires rhyolitiques (série de Muncel des Monts Apuseni, série
de Tulgheg des Carpates (rientales , série de Lainici-Pliug des
Carpates Méridionales). Les domnées palynologiques conduisent 2
situer ces séquences dans le Vendien-Cambrien inférieur, Dans les
Carpates Orientales le volcanisme rhyolitique s'est manifesté du-
rant plusiques phases successives. Etant domné qu'entre les ni-
veaux lithostratigraphiques 4 métavolcanites rhyolitiques appa-
raissent fréquemment des produits pyroclastiques et épiclastiques
basiques il s'emsuit que l'activité magmstique durant le Vendien-
Csmbrien avait un caractére cyclique, plusieurs cycles d'éruption
basique et acide se succédant.

3. Métamorphisme

Le métamorphisme régional dalslandien a affecté les formations
sédimentaires et les volcamites du Précambrien supérieur A. Il
8'est déroulé sous facids des amphibolites & almandin. Localement,
dans la partie supérieure de la pile de schistes cristallins on re-
marque des transitions vers le facids des schistes verts. Dans les
Carpates Méridionales autant que dans les Carpates Orientales les
conditions de température ont varié progressivement correspondant
aux gones & biotite, almandin, staurotide, disthdne et sillimanite.
Toujours localement des fusions partielles ont eu lieu engendrant
des roches migmatiques. La présence des paragendses a disthéne et
la succession des isogrades dénotent un métamorphisme de type bar-
rovien (Savu, 1975). Des données concernant les conditionms barri-
ques, fournies par 1'étude des micas blancs des Carpates Orienta-
les (Krd@utmer et al., 1975), dénotent que le métamorphisme dalslan-
dien s'est déroulé & de hautes pressions du domeine barométrique
barrovien. Sur des surfaces restreintes, tout spécialement dans
les Carpates Méridionales (Bevcia, 1975; Hirtopan, 1975) on a
signalé dans la série de Sebes-Lotru des paragendses avec cordié-
rete et amdalousite. Les relations structurales dénotent gque ces
minéraux de basse pression se développeat aux dépens des minéraux
des paragendses a disthéne en les substituant. Il s'agit donc des
séries cristallines partiellement polymétamorphiques. Le second
métamorphisme, de basse pression, n'a pas été daté jusqu'd pré-
sent. Il pourrait étre mis sur le compte de quelques ddmes thermi-
ques daslandiens tardifs ou il pourrait correspondre & ume phase
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métamorphique hercynienne, compte tenu de la basse pression & la-
quelle s'est déroulé le métamorphisme hercynien dans les Carpates
(Erdutner et al., 1975) et em général en Europe.

Les métamorphites dalslandiennes présentent fréquemment des
caractdres polymétamorphiques résultés de la superposition des ré-
tromorphoses régionales balkalienne et hercynienne survenues sur
de large surfaces dans le soubassement des séries métamorphiques
balkaliennes et hercyniennes.

Le métamorphisme régional assyntien (baYkalien) a affecté les
séquences sédimentaires et les volcanites du Précambrien supérisur
B, Il a également affecté (regressif) le soubassement du systdme
plissé bafkalien. Il est de type barro-
vien et s'est déroulé sous faciés des schistes verts; les isogra-
des de la biotite et de 1'almandin n'ont été touchées que locale-
ment. L'examen des micas blancs des métamorphites baTkaliennes des
Carpates Orientales trahissent un régime de basse pression dans le
domaine bharrigue barrovien (Kr#utner et al., 1975).

4, Métallogendse

Le cycle tectonomagmatique du Précambrien 8up é
rieur A est accompagné sur le territoire des Carpates par deux
provinces métallogéniques, notamment:

Province des concentrations métalliféres associées au magma~
tisme basique du Précambrien supérieur A des Carpates.

Les produits de cette métallogendse apparaissent dans les Car-
pates Orientales et Méridiomales. Ils sont représentés par des mi-
nerais syngénétiques intercalés en concordance dans quelques mni-
veaux lithostratigraphiques, séparés par d'épaisses séquences de
rockes métamorphiques. Les minerais ont ét4 donc engendrés au cours
de plusieurs phases métailogéniques qui se sont succédées comme il
suit (fig. 3):

Concentrations stratiformes et lentiformes de magnétites, asso-
ciés & des amphibolites. Elles apparaissent dans la série de Sebes-
Lotru des Carpates Méridionales (Bomtari, Valea Fierului, Stirmino-
sul, Monts Poiana Ruscd) constituant de faibles accumulations de mi-
neral compact, métamorphisé, et des disséminations, de type Lahn-
Dill. A Armenis (Monts Semenic) apparaissent aussi des transitions
vers des faciés carbonatés ferrifdres.

Concentrations lenticulaires litées de carbonates et de silica-
tes de mangandse. La plupart des gisements connus spparaissent dans
la série de Sebes-lotru des Carpates Méridionales (Delinegti -
Monts Sememic; Pravdt - Monts Sebes). Les minerais représentent des
accumulations hydrothermales-sédimentaires métamorphisées, Dans la
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plupart des cas elles s'arsocient & des reoches quartzitiques.

Concentrations lenticulaires litées de minerais de fer et de
cuivre associées & des amphibolites. Elles sont connues dans la
partie moyenne de la série de Rebra-Barnmar des Carpates Orientales
(Bfzdiga - Monts Rodna) et sont représentées par des disséminations
de chalcopyrite, pyrriiotine et magnétite dans des nnphibolitesi Lo-
calement apparaissent aussi des lentilles de carbonates de fer.

Concentrations stratiformes et lenticulaires de magnétite et
de hématite dans des amphibolites. Elles apparaissent dans les
roches amphiboliques de la partie supérieure du complexe moyen de
la série de Rebra-Barnar des Carpates Orientales (lacobeni, Sunf-
tori - Monts Bistrita) et sont représentées par des minerais com-
pacts e. par des disséminations de type Lahn-Dill, métamorphisés.

Province des concentrations plumbo-zincifdres associées &
des formations carbonatées du Précambrien supérieur A des Carpates.
Les produits de cette métallogenese sont représentés par des mine-
rais symgénétiques 1lités de type Mississippi Valey-Bleiberg-Silésie,
métamorphisés. Ils sont intercelés dans plusieurs niveaux de cal-
caires et de dolomies du complexe moyen de la série de Rebra-Barnar
des Carpates Orientales (Valea Blazna, Guget - Monts Rodna). Des
équivalents génétiques en position lithostratigraphique corrélables
apparaissent aussi dans la série de Pagirag (Monts Pigiras - Car-
pates Meridionales). Le minerai est constitué de manidre prédomi-
nante par la blende, la galdne et la pyrite. Localiement il s'as-
socie de quartzites (métagel de silice). La distribution des accu-
mulations de sulfures est en corrélation avec le développement fa-
cial de .a formation carbonatée qui comporte ce minerai.

Le ecycle tectonomagmatique du Pr écambrien 8 u-
périeur B se caractérise sur le territoire des Carpates
par deux provinces métallogéniques.

Province des concentrations métalliféres associées au magma-
tisme basigue du Précambrien supérieur B des Carpates. Les pro-
duits de cette métallogendse apparaisse t dans les Carpates Orien-
tales et dans les-Carpates Méridionales. Ils sont représentés par
des minerais syngénétiques métamorphisés, constituant des inter-
calations concordantes dans deux niveaux distincts. Il s'agit
donc de deux événements métallogémiques distincts. Compte tenu de
la distribution des minerais respectifs en deux umités structurales
différentes des Carpates ils peuvent étre attribués & deux subpro-
vilooa‘létnllogéniquas. notamment:

Subprovince des concentrations associées aux volcanisme basi-
que du Précambrien supérieur B des Carpates Méridionales. Elle
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comporte des accumulations litées hydrothermales-sédimentaires, de
pyrite et de blende métamorphisées et plissées, assocides A des
roches calcaires dolomitiques et & des quartsites (métagels de si-
lice) (Boiya-Hateg, Monts Poiana Ruscd).

Subprovince des concentrations associées au volcanisme basi-
que du Vendien-Cambrien inférieur des Carpates Orientales. Elles
comporte des accumulations hydrothermales-sédimentaires de minerai
de manganese et de barytine. Les minérais apparaissent sous forme
de lentilles litées et plissées comstituant des intercalations con-
cordantes dans une formation de quartszites noirs (métalidites)
associée probablement & l'une des phases de 1l'activité du volca-
nisme basique sous-marin du Vendien. Les minerais du mangandse
sont constitués de mamidre prédominante par des carbomates et de
manidre subordonnée par des silicates. Les accumulations de bary-
tine sont fréquemment accompagnées par des sulfures (de manidre
prédominante pyrite et blende). Les concentrations de mineral de
barytine autant que celles de mangandse constituent des imtercala-
tions dans le méme niveau lithostratigraphique. Cependant leur dis-
tribution spatiale différe, étant connues & présent dans des umités
tectoniques alpines différentes.

Province des concentrations de pyrite et de sulfures polymé-
talliques associées au volcanisme rhyolitigue du Vendien-Cambrien
inférieur des Carcates. Elle est constituée de manidre prédominante
par des accumulations litées volcanogénes-sédimentaires métamorphi-
sées (de type Kuroko, Ibérique, Canadien) (Baia Borga, Fundul Mol-
dovei, Legul Ursului, Bilan - Monts Bistriga) et de manidre subor-
donnée par des minerais hydrothermaux métamorphisés (Singercasa,
Tulghes). Les minerais syngénétiques constituent des intercalations
dans plusieurs niveaux lithostratigraphiques dans le série de Tul-
gheg (Carpates Crientales) Ytrahissant une activité métallogénique
polyphasique. Les concentrations de sulfures sont fréquemment loca-
lisées dans ‘les produits épiclastiques rhyolitiques comstitués du-
rant les périodes de calme volcanique par la resédimentation du
matériel rhyolitigque des structures volcaniques. On distimgue deux
principaux types de gisements:

a) accumulations de minerais compact 4 structure szonée, entou-
rées de zones concentriques avec des disséminations de sulfures dé-
veloppées sous des facliés différents. Ces accumulations ont été dé-
posées probablement em conditions de calme en milieu subaquatique,
et

b) accumulations sous forme de disséminations litées dans des
roches chloriteuses, quartzeuses et sériciteuses, les différents

389



types de facies frégquemment disposés en zones concemtriques. Les
minerais de ce genre ont probablement été déposés et partiellement
resédimentés dans les conditions d'un milieu aguatique agité.

Quant & la source d'émission on distingue des concentrations
engendrés par un apport de solutions hydrothermales soit le long
des fissures directionnelles (Fundul Moldovei) soit A travers des
zones centrales d'émission (Baia Borga).

X EX

Les types génétiques de gisement métallifdres connus dans le
Précambrien des Carpates et 1'ambiance géologique dans laquelle
ils apparaissent portent & conclure sur leur position géotectoni-
que.

a) Les concentrations métalliféres du Précambrien supérieur A
et tout spéciaslement celles plumbo-zincifdres associées & la for-
mation carbonatée sont comparables & celles connues dans les évé-
nements métallogéniques des zones d'expansion.

b) Les accumulations de sulfures de la subprovince des concen-
trations associées au volcanisme basique du Précambrien supérieur
B des Carpates Méridionales étant du méme type que cells des ca-
lédonides scandinaves suggérent gqu'il s'agit de la métallogendse
d'une zone d'expansion avec constitution de croiite océanique.

c) Les accumulations de pyrite et de sulfures polymétalliques
de type Kuroko caractéristiques pour la province des concentrations
rattachées aux volcanisme rhyolitique du Vendien Cambrien inférieur
des Caprates Orientales représentent les produits d4'une métallo-
genédse liée au stade primaire (acide) de 1'évolution du volcanisme
dans les zones de compression (de subduction) associées aux arcs
insulaires.
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CARPATES ORIENTALES FORMATIONS METAMORPHIQUES

Napes Napes Bistritéennes
e hercyniennes

Maramuregéennes
assyntiennes

(baikaliennes)

S W dalslandiennes
E DETERMINATION D'AGE PAR:
N F| Fossiles
®| Palynologie
A| K/Ar
e| Pb-Pb
O] Rb/Sr
CARPATES MERIDIONALES ABREVIATION DES SERIES
Danubien Getique et Supragetique MET AMORPHIOUES:
PB Ls' .L.‘:E'.." Rp = Série de Repedea
s /, Ru = Série de Rusaia
22 1/52 : Tb = Série de Tibdu
= ,;,S,; %// Tg = Sdrie de Tulghes
f //;; RB = Série de Rebra—Barnar
= W BR = Série de Bretila—Rar#u
\\F PR = Cpistalline de Poiana Rusc'éi

5

Lg = S&rie de Lescovita
Lv = Série de Locva
Lp = Série de Lainici—Paiugi

Y

MONTS APUSENI Chb = Série de Corbu
" Autochtone du Bihor Nappes Cl = Série Clastique
T T T Sb = Série de Sibiget—Boita
SL = Série de Sebes—Lotru
e /ﬁ-Z'/:’— Nt :Sérile de Nt-afml .
e === Pg = Série de Paiuseni
= ///Ad/zf; Ar = Série de Ariegeni
[~ = —=AdZ — -] ¢
;;2551 Ad = Sdrie de Arada
E 2 24/’4 Bi = Série de Biharia
2242_? Mu = Série de Muncel
= \ So = Série de Somes
BA = Série de Baia de Aries

¥ i g.2. Rélations stratigraphiques dans le Précambrien superieur

des principales unitées téctoniques de la Chaine Carpatique
Eoumaine
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[ T 1] s#iede

l Fhghras

Série de
Sebes—Lotru

F i g.3. La position lithostra-
tigraphique des accumulrations
métalliféres dans la sequence du Pré-
cambrien supérieur A des Carpates

CARPATES MERIDIONALES

Série de Boita

V.2 Py, Cu, Zn, Pb

IV.1 Py, Cu, Zn, Pb

1.2 Mn, Ba

- Concentration métalliftre
I"orfnalinr\ volcano—
> | sedimentaire rhyolithique
% Fi ti | —
V) scimencaire basigue
Formation a dépdt
siliseux graphiteux
F i g.4. La position lithostra-
tigraphique des accumulationse

métallifdres dans la sequence du

Précambrien superiesur B des Carpates
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Fig. 3. Metallogenic map of Finland (Kahma, size reduced)
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CxemaTnyeckasd reonormyeckas Kapra pudes Yparraycxoro
QHTUKINHOPAA (CocTaBua B.M.Ko3I0B ¢ waCTiUHEM ¥COOAH30BaHUOM
marepuanos B.J.Boaourra, A.B.Kaiowixusa, J.J.KpuEENKOTO)

I - naneosoii, Hepacunenennse oTiaomeEus (PZ) ; 2 - pujeli Bamkup-
CKOI'0 MEPaHTUKINHODUA; 3 — TepMUEANBHHA pudell, He pac e HOHHHE
ornomeHug (Ry? ) . CyBa HAKCKUNR RKoMIODIEKEC,
TepMuHansENA pudelt, CBUTH: 4 - spuuEcxas { R2ar . ); 5 - Ge-
nexeiickan ( Rybl ); 6 - ak6uukckas ( Ryak ); 7 - GailHacckasg
(Rybaj ). Bepxuuil pudeit, CBUTH: 8 — apBAKCKas ( Rzarv ); 9 -
uagapunckas ( Rzmz ); I0 - Kypramckas (Rskr ). Cpeapguit pu-
geit: II - yrxaapcKas cmuta ( Ryut ) MaKCcCpODTOBCKIHI
K oMIOUJeK c, Cpeguuil pugeit, cauru: I2 - KapamaIuHCKas (Rakrm s
I3 - puarysuHckag ( Ryim )i I4 - xaiiparauscraf (Rykrk );
I5 - raxeesckas (Ro8l ). [powie 0608Ha WEHMA: 16 — IPIHUTH;
I7 - raoopo; I8 — CepneHTHHUTH; I9 - IE0JOTHYECKUE TDEEMIHS

4) HODM3IBHHE CTDaTUrpad#ueCKHe M MHTDYSUBHNE, G) HECOTJACHHE;
20 - paspHBHHE Ha Dy ie HAS




B.Apens, K.leEnsuo, K.fIBopoBCKH

JATONOTVIECKAA ¥ CTPATUIPABIIECKAA XAPAKTEPUCTUKA IIAT®OPMERHHX OTHORERVA
¥ OCHOBAHVA HVEHETO KEMEPHA B IQEHIE :
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Kapra pacOpOCTpaHEHAS
Monsme

I - uSOMMHMA ZeKOMODHHCKei HEBODXHOCTH; 2 — AUCHSRANUA; 3 -
rpaHMNa OPeCTPAECTBE, AMEOHHOTe OTASMOHME KeMODMa; 4 - IpaEdna
PacIpoCTPAEOEMA OTAOKGHHR KIMMOHTOBCKOIr® spyca; 5 - CypoBHe
CEBQXMHH, B KOTOPHX BCKDHTH 0TIOROHUA BOHA8 A KeMOpHs; 6 - Oy-
POBHO CKBaxMEH, B K0TOpHX HOT KeMGpus; 7 — OypoBHe CEBAXMHH, B
KOTODHX KOMODMil 8a16IraeT HA KPUCTAANMYECKOM fyHAaMeHTe; 8 - |
GypoBHe CKBAXMHN, B KSTODHX BCKDHT4 xapHOBeNKas CeDHs; 9 - NON0- |
-EOAb, IumeHHAs oTAexeHMit KemOpua; IO - nuemazsr SaJOTAHHA HHE- E
'HOT9 KeMODHs Ba KpMcTanmuyecKoMm PyHzameHTe; 1l - nuomAAs 8alde-
TAHAA COMATHOEGR CepuM moZ HAXEMM KeMOpueM; I2 - NAOmAJS S&]6ra-
BUs IpGeAbCKO# cepud noj HMXEUM Kemopuesm; I3 - nzemajs sazera— ‘
Hdf E8PHOBOLKO# CepHM Moz HMXHMM KemOpHeM; I4 - rpaHHna pacmope-
CTpPAHO HUA . ANG8 ABCKOK COpPUH; IS5 - IpaHUOE pPaCHPOCTPAHOHHS COMATHI-
Kot cepum

BEHIA ¥ HAXHETO KeMOpHA Ha miaTdopude B

FeF.M. de Almeida, Y.Hasui, B.B. de Brito Neves
THE UPPER PRECAMBRIAN OF SOUTH AMERICA

F.P.M. de Almeida, Y.Hasui, B.B. de Brito KNeves
THE UPPER PRECAMERIAN OF SOUTH AMERICA

F i g. 2. The major precambrian geotectonic units of South Americas

1 - Craton basement expositions: Amazonic Craton in Guiana
Shield (I), in western Central Bragzilian Shield (II) and in Eas-
tern Paraguay (III); Sao Iuis Craton (IV); Sao Francisco Craton
(V); Rio de La Plata Craton inm Uruguay (VI), Tandilia (VII) and
Sierras Australes (VIII), 2 - Major massifs: Goias Central Massif
(IX), Pernambuco-Alagoas Massif (X), Guaxupé Massif (XI). 3 ~ Pre-
cambrian massifs remobilized in the Andean Chain and Patagonian
Platform. 4 - Uruagu Folded Belt. 5 - Polded belts and regions of
the Brasiliano Cycle: Paraguay-Araguaia Belt (A), Brasilia Belt
(B), Sergipano Belt (C), Northeastern Region (D), Southeastern
Region (E). 6 = Sierras Pampeanas Massifs. 7 - Sedimentary covers
correlative of the Brasiliano Cycle. - 8 - Phanerozoic sedimentary
and volcano-sedimentary covers. 9 - Southern limit of the South
American Platform. 10 - Craton limit

P.P.M. de Almeida, Y.Hasui, B.B. de Brito Neves
THE UPPER PRECAMBRIAN OF SOUTH AMERICA
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P i g. 3. The Amazonic Craton

1 - Guriense and Jequis units: Imataca (I), Kanuku (II),
Coeroeni-Fallawatra (III), Ile de Cayemne (IV), Rio Falsino ()
and basement of the Grao Para Group (VI). 2 ~ Trans-Amazonic
areas. 3 - Undifferentiated Pré-Brasiliano areas. & - Goias Central
Massif. 5 - Paraguey-Araguaia Folded Belt. 6 - Sedimentary and
volecano-sedimentary covers related to Upper Precambrian reactiva-
tions. 7 - Sedimentary covers related to the Brasiliano Cycle
(molassoid). 8 - Sedimentary covers correlative of the adjacent
Brasiliano geosyncline. 9 - Phanerczoic sedimentary covers. 10 -
Craton border
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P i g. 8, Southeastern Polded Region

1 - Rio de Ia Plata Craton: Uruguay (I) and Rio Grande do
Sul (?) (II). 2 - Pré-Uruaguano areas, remobilized during the Bre -
siliano Cycle. 3 - Uruagu Folded Belt. 4 - Southeastern Region Me-
dian Massifs: Joinvile (III) and Pelotas (IV). 5 - Southeastern
Region Folded Systems: Apiai (V), Tijucas (VI) and Eastern Uruguay
(VII). 6 - Molasse basine of the Brasiliamo Cycle. 7 - Phanerozoic
sedimentary and volcano-sedimentary covers. 8 - Major faults
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m Chaine calédono-hercynienne des Mauritanides

Chaine pan-africaine
B Dépdts sédi ires post paléozoiq

D]ID Paléozoique supérieur

) Paléozoique inférieur
[‘—.?‘] Précambrien terminal (=650-570 MA } -m e
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ZONES MOBILES

ABIDJAN

ZONES CRATONIQUES

GOLFE DE BENIN E Précambrien supérieur {= 1000- 650 M.A.)

0 Socle stabilisé autour de 1800 M.A.
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1. Carte structurale de 1'Quest Africain. Répartition du

Précambrien supérieur







