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vIK (043.2) 551

Tom 1X, wacTe 1 Tesucos, npencraBfeHHHX K 27-My MexnyHaponHomy reo-
JIOTHYECKOMY KOHTpeccy BKNKuaeT cneuHanbHyl ceccHw no MexmoyHapogHof npor-
pamme "Jimrocdepa", Komnoxsuyms 01-06, nnenapHoe 3acenaHHe "leonorHueckHe
npobsieMsl OXpaHh OKpyxawmeR cpenn" M CnenHasibHER CHUMIIO3MYM "MeTannoreHds
M MeCTOpOXneHHs ypaHa". Tesucs, NpeicTaBJIeHHHE BEeOYWHMH YyYyeHHMH-Teosiora—
MM M3 pasHHX CTpaH MHpa, OTpaxXawT BOMNPOCH TeOPeTHYeCKOR H NpHKIagHOR
TeoJIOTHH .

Volume 1X, part 1 of abstracts presented for the 27th International
Geological Congress includes Special Session of the International "Li-
thosphere" Programme, Colloquia O1 to 06, Plenary Meeting "Geological
Aspects of Environmental Protection" and Special Symposium "Metalloge-
nesis and Uranium Deposits". The abstracts submitted by leading scien-

tists from various countries of all over the world cpver problems of
theoretical and applied geology.

OTBETCTBEHHHA PenakTop
H.A.BOI'IAHOB

© MaCTHTYT NMTOClEpH
AH CCCP, 1984 r.



NPERARCANOBHE

Te3ucH, NpeicTaBlleHHne K 27-My MexnyHapoOOHOMY TIeOllOTHYeCKOMY KOHI—
peccy, PacnpefenAwTCA no 22 cexuuaM M 6 KonnoxkBHyMam. Kpome ToTrO,

B MX YHC/IO BKJIOYEHH TEe3IMCH OOKNafoB K NJIeHAapHOMY 3aceiaHuw "[eoJsloru-
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Abstracts presented for the 27th International Geological Congress

are divided up into twenty two sections and six colloguies. On top
of this we have added the abstracts submitted for the Plenary Meeting

"Geological Aspects of Environmental Protection", for the Special

Session of the International "Lithosphere" Programme and for the

Special Symposium "Metallogenesis and Uranium Deposits”.
The whole is published in ten volumes divided up in the following

way:
volume
volume
volume
volume
volume
volume
volume
volume
volume

volume

Lastly,

¥
I

i
II

v

v

I

VII
VIII
IX

X

for

Sections 01 to 03,

Sections 04 to 05,

Sections 06 to 07,

Sections 08 to 09,

Sections 10 to 11,

Section 12,

Sections 13 to 16,

Sections 17 to 22,

Plenary Meeting "Geological Aspects of Environmental
Protection", Colloquies 01 to 06, Special Session
of the International "Lithosphere" Programme and
Special Symposium "Metallogenesis and Uranium
Deposits" as well as abstracts received by the
Organizing Committee after November 1, 1983.
General authors index.

each section and colloquium, the abstracts are

classified in alphabetical order of the authors.

N.A.BOGDANOV

Seneral Secretary
of the Organizing
Committee



CNELMAJBHAA HAYYHASl CECCHA
Mo MEXIAYHAPOJAHOW NPOrPAMME
"JIUTOC®EPA”

SPECIAL SCIENTIFIC SESSION

OF THE INTERNATIONAL
"LITHOSPHERE” PROGRAMME

L.01. JBOMWUMA OCANOYHHX GaccefHOB W HMX MHHepasikHHe M 3HEepreTHYecKHe
pecypcs

Evolution of Sedimentary Basins and their Mineral and Energy
Resources

L.02. THXOOKEaHCKOe CKJaO4aToe KONbUO M 3BONMWUHA THXOOKeaHCKOro
saccenHa
Circum-Pacific Orogenic Belts abd Evolution of the Pacific
Ocean Basin

L.03. Apxefickas nuTocdepa M IBOJNIKLUHA KOpW Ha PaHHef CTanHH HCTOPHH
3emnu
Archaean Lithosphere and Early Crustal Evolution

L.04. CoBpeMeéHHHE ¥ YETBEeDTUYHHE IBWXEeHUA nNAKT
Recent and Quaternary Plate Motions

L.06. TeoxuMmHuecKoe M reodusuvYeckoe MonelHpopaHHe TEKTOHHKH NMJHT
Geochemical and Geophysical Modelling of Plate Tectonics

L.07. TeonorryeckHe, reodusHyYeCKHe H reOXHMHUECKHe NapamMeTpH
PNYGHHHEHX CTPYKTYP KOHTHHEHTOB H OKeaHHYEeCKHX BacceRHOB
Geological, Geophysical and Geochemical Constraints on the
Deep Structure of the Continents and Océan Basins

L.08. Ceepxriybokoe GypeHHe Ha KOHTHHEHTax
Deep Continental Drilling

L.09. TMOMCKKM ¥ OCBOEHKe NON3IEMHHX BOXN B NOMYNYCTHHHHX 30HAX
Groundwater Exploration and Development in Semi-Arid Zones

L.10. IiMHaMnKa 3eMHOfl XOPH B NMPOTEPO30e M 3BOJKUMA JHTOCOEepH
Proterozoic Crustal Dynamics and Lithospheric Evolution



-
CUMUMOO3IKRYM/SYMPOSIUM *"L.O1
SBOJIOLMA OCAOUYHBEIX BACCERHOB M HX MHHEPAJILHEEE H SHEPTETHYECKHE PECYPCH
EVOLUTION OF SEDIMENTARY BASINS AND THEIR MINERAL AND ENERGY RESOQURCES

Convenerss R.W.Hutchinson, R.G.Garetsky, D.G.Roberts

ARTYUSHEOV E.V., Institute of Physics of the Earth of the USSR Aca-
demy of Sciences, lMoscow; BAER M.A., USSR Ministry of Geology,
Moscow, USSR

NECHANISM OF FORMATION OF DEEP BASINS ON THE CONTINENTAL CRUST

Formation of large deep basins on continental crust is usually ex-
plained by stretching. This phenomenon produces large deformations
in the upper crust that are observed in some rift valleys. Many past
basins on continental cfust were strongly folded. The structure of
their sedimentary cover was well studied in numerous sections. There
are no deformations typical of stretching in the predominant part of
the sections. Hence in most cases formation of the above basins was
not caused by stretching.

There qré two main types of large deep basins on continental crust.
The basins of the first type are formed in cratonic areas by large
magnitude subsidence in a few m.y. Rapid subsidence without signifi-
cant stretching ir cool areas may be explained by gabbro to eclogite
transformation in the lover crust. Rapid transformation can arise
under the upwelling to the crust of a hydrous low-velocity mantle of
moderate temperature T~800°C. Sinking of dense eclogite into the
mantle strongly attenuates the crust and lithosphere. That is why
strong crustal shortening often occurs in such basins.

The basins of the second type are deep cratonic sedimentary basins
formed by compensated subsidence during the pepiod of time of several
hyndred m.y. of more. Their formation can be atiributed to slow eclo-
gitization in the lowermost crust within the lithospheric layer of a
high thickness = 100 km. Intense crustual shortening does not take
place in such basins, until rapid subsidence occurs in them.

The basins of the above two types cover mush wider area than parrow
continental rift valleyda - typical structures produced by stretching.
Basic mechanisms for the continental crust subsidence premit to de—
termine geodynamic for the formation of hydrocajﬁon basins.



APTUMXCB E.B., VHcTuTyTr fuswkm Semm Axkagemm mayx CCCP,r.Mockea;
EESP M.A., MummcrepcrBo reosorms CCCP, r.Mockea, CCCP

MEXAHMSM OFPAS0BAHILA TUIYBOKMX IPOTYMBEOB HA KOHTHHEHTAJIBHOIL KO B

OdpasoBanie KDYIHHX IMyOOKEX NMPOrWOOB HAa KOHTHHEHTanbHOA Kope Ooub-
IMHCTBO MccJemopaTeell oObACHAET pacTAxeHMeM. CHJAbHOE pACTAKEHHEe
OpEBOOWT K OoJbuMM gedopuaildAM B BepxXHeil 9acT¥ KOpPH, KOTOpHE HAGIN—
JanTCA B pile pUQTOBHX BOANUH.

Muorue npeBHUe NpPOrUCH HA KOHTMHEHTANBHOM KOpe OHJM BORIEYEHH B HH-
TEHCEBHYD CRIaT4aTOCTh. CTDOEHME UX 0CAZOYHOIO YexJa XOpOomo HBYIeHO
B MHOT'OYHCJEHHHX paspesax OCHOBHHX (aHePOBOMCKEX CRIANYATHX MOACOB:
Ammﬁcxoro,Ypa.nbcxoro. BepxosiHckoro, Amnnanaveil, CeBepo-AMepVKAHCHEX
Hopmmirep, KanelOHWI ¥ TepIMEMI SanagHo# Espoms. B momapnfpnes Goas—
IWHCTBE CJAYYaeB B HEM OTCYTCTBYOT AedopMaALlMM, XapaRTeDHHE LI CHILHO-
To pacTAxeEnd. CJemoBaTelbHO, OOpASOBAHHE TAKUX OPOI'MOOB,KaKk LpaBRIO,
He OHJIO OCYCJAOBIGHO DaCTAKEHHEM.

BumensAnTcA TBa OCHOBHHX THIIA TAYOOKHX NPOTHOOB Ha KOHTWHEHTANBHOR KO-
pe. llporedy mepeoro TEna GopMEpYyRTCA Ha mIaTdopMax 3a HECKONBEKO MIH.
JeT B DE3yJbTaTe NorpyxeHE# Cosbmo# ammnuTynu. Taxwe OhCTpHE HOTDyXe—
H#A 0e3 CHIBHOI'O DACTAREHWA B XOJMOUHHX OCJACTAX MOKHO OCBACHATEL Iepe-—
XOIOOM radé0po B SKJIOTHT B HMkHed 4acT¥ KopH. BuCTpHil mepexon BOZHWKA- -
€T NpE DOIXONe K KOpe BONOCOAEpRAUg/ AHOMAJBLHO# MaHTHMM C yMmepeHHOR
Temneparypoit T~ 800°c. MocaenywuEit OTPHE ¥ TOTDYKEHHE TAKEJIOIO 9KAO-
THTa B MaHTHO CHJILHO YTOHAET Kopy ¥ Jurocdepy. [losToMy GOJNBNHCTBO
TaKuX IPOTHCOB B JaJbHelllem BOBJeKaeTCA B CHJIBLHOE CKaTHe.

[Ipor¥6y BTOpPOrO THIIA 3TO IMIyCOKMe IMATHOPMEHHHE OCANOYHHEe OacceiiHu,
06pasoBaHHHEe KOMIEHCHDOBAHHHM [pOrv0aHNeM 8a BpeMA B COTHH MJIH.JET H
Gomee. Vx (fopMHpOBaHWE MOXHO CBA3aTh C MeIIeHHOR ornorwrHsauMel B
HUKHe# 49acTH KOpH, NpoTekapue# B mpepesax JaETocPeps ConBmOR MOWHOCTH

- =100 xM. Takwe OpOrWCH He BOBJIEKAVTCA B CHABHOE CEATHE NO TeX IOD,
IOKAa B ¥X OpefeJaX He OPOMCXONMT CHCTPOI'O NOTDYXeHWH, XapaKTepHOT'O
A OpoTr¥COB NMepBOr'O THIA.

Ilpor#Cy OMMCAHHHX THIOB HOKPHBART 3 CYMME MHOTO GONBNYD IJONANb, 9eM
y2KEe KOHTWHEHTaNbHHEe DE(QTOBHe BNAIWHH - THINYEHE CTDYKTYPH, 00paso-—
BaHHHE DAacTAXEHHEM.

SHaHWe OCHOBHHX MEXSHW3MOB IOTDYXeHENH KOHTWHEHTAIBLHOM KODH NMOBBOJAET
ONpeXeJUTh TeONUHAMMYECKNHE YCJOBEA 00pasoBaHWA Hefmreral3CHOCHHX Oac-—
celiHoB.



BEAUMOKT CHRISTOPHER, Oceanography Dept., Dalhousie University, halifax, N.S.
QUINLAN GARRY, Earth Sciences Dept., Memorial University, St.John's,nfldsCanada

APPALACH. 4N THRUSTING, LITHOSPHERIC FLEXURE AND THE PALEOZOIC STRATIGRAPHY OF THE
FEASTERN IJ4TERIOR OF NORTH AMERICA

The Appalachian Basin is interpreted to be a multistage foreland basin developed
by lithospheric downwarp under the loads of successive Taconic, Acadian and
Alleghanian overthrusts in the adjacent Appalachian Mountains. By quantifying this
model we show how the stratigraphic record of the foreland basin can be used to
constrain the timing, areal distributionand thickness of the orogenic overthrusts.
The cumulative present-day thickness of these allochthoncus units is suggested to
range from 4 to 18 km. We suggest that, for reasons of isostatic balance, these
thick overthrusts are likely to rest on the old Cambro-Ordovician continental mar-
gin, a conclusion also in keeping with, but independent of, COCORF results. The
distribution of model loads is gualitatively correlative with observed patterns of
regional Bouguer gravity anomalies.

Flexural interactions between the Appalachian Basin and the contemporaneous
intracratonic Michigan and Illinois Basins produced the interbasinal Kankakee,
Findlay-Algonguin and Cincinnati Arches as well as the Jessamine and Nashville Domes,
These arches and domes fluctuated between submergent and emergent conditions,
alternately yoking together and decoupling the foreland basin and one or hoth of
the intracratonic basins. The location and magnitude of Appalachian overthrusting
and the lithosphere's rheological behaviour are the primary controls on'arch
development. The most satisfactory stratigraphic results are achieved using a
lithospheric model with a temperature dependent Maxwell viscoelastic rheology.

We propose no explanation for the initiation of subsidence in the intracratonic
Michigan and Illinois Basins. Nevertheless, we show that the sediment record of
these basins is likely to have been substantially modified by the influence of
Appalachian overthrusts. This influence should be removed before attempting to
interpret the sedimentary record of the intracratonic basins in terms of a basin
initiating mechanism.

Viscoelastic relaxation is shown to provide a natural explanation for the
unconformities that bound Sloss' sedimentary sequences in those parts of the basins
well removed from the overthrusts. Sloss' sequences are seen as marking intervals
of major orogenic overthrusting in the Appalachians.

BENELMOULOUD Mahmoud,Ministére de 1'Enérgie et des Industries Pétro-

chimiques Algérie; JOURAVLEV E.G.,Instritut du Pétrole GOUBKINE,
Moscow, URSS

PROBLEMES DE LA RECHERCHE DES ACCUMULATIONS D'HYDROCARBURES SOUS LES
TRAPPS

Les Trapps sont largement répandus dans les mires continentales. On
les connait d'dges divers, affleurant ou ensevelis. Dans certaines
régions, ils surmontent les formations & hydrocarbures. Les princi-
paux problémes qui-se posent & la recherche du pétrole et du gaz
sous les trapps sont: 1 - Origine, migration et accumulation des
hydrocarbures - 2 - Répartition et type de piéges - 3 - Etancheité
des Trapps. Le Sahara algérien est une région unique au monde a
posséder de nombreux giseménts de pétrole découverts sous les Trapps.
Ces Trapps d'dge Triasique, composés de basaltes et de dolérites
ophitigues & faciés tholeitique, transformés en partie en spillites
ont été traversés par 150 puits & une profondeur variant entre



1500 m et 3500 m. Ces Trapps couvrent une superficie d'environ

60 000 km° avec une épaisseur de 40 m en moyenne. L'épaisseur maximum
enregistrée est de 140m. Ces Trapps renferment jusqu'id 10 nappes
éruptives superposées. leur apparition est diie & la fracturation de
la Pangée au débui du secondaire, sccompagnée d'émissions rythmiques
de magma basique le long des failles d'orientation Nord-Est. Les
Trapps surmontent la discordance hercynienne et la série inférieure
Triasique polygéne (alluviale, deltaique et lagunaire) qui renferment
14 accumulations d'hydrocarbures du type anticlinal et stratigraphi-
que écranisées parfois par des Trapps. On a relevé également du
pétrole accumulé entre les nappes éruptives. Le pétrole est venu du
Primaire, dont les assises le renferment encore en partie., Les zdnes
faillées & gradient géothermique élevé ont favorisé la formation et
la migration verticale des hydrocarbures.

Les reconstructions paléotectoniques et paléogéographiques, l'analyse
séquentielle, la sismique, les prospections gravimétrique et magnétic-
miétrique sont utilisées pour la reconnaissance des formations sous-
trapps.

Ces formations présentent un intér@t péirogazifére en Sibérie orien-
tale et occidentale, en Algérie de 1'Ouest et Sud, dans la zdne Est
de 1'Amérique du Sud etec.

BRANSON J.C., ETHERIDGE M.A. and FALVEY D.4., Bureau of Mineral Re-
sources, Geology and Geophysics, Canberra, ACT, Australia

STRUCTURAL DEVELOFMENT AND REGIONAL SETTING OF THE BASS BASIN,
S E AUSTRALIA

In 1982 the Bureau of Mineral Resources carried out a 3200 km, high
quality seismic reflection survey in Base Strait, between mainland
Australis and Tesmania. The survey was cenired on the Bass Basin,
but was tied to the adjacent Gippsland and Otway Basins and conti-
nental margins. The superior quality of imformation on the Cretaceous-
Palaeocene rift-stage of these basins has led to & new interpreta-
tion of the development of the Bass Basin and its regional setting.
During the early Cretamceoua, the Bass, Gippsland and Otway Basins
developed as parsallel, extensional basins with major rotational nor-
mal faults trending about 290°., A series of transform-like wrench
faults connected the main basin segments. Kinematic reconstructions
of the major normal faults in the Bass Basin indicate extension
during the Barly Cretaceous with = 1,7,

The published structural interpretations of the region have overem-
phasised younger structures that are superimposed on/the major Cre-



taceous faults. For example, the north-easterly trending stiructures
evident in the onshore Cretaceous (including the Mormington-Eing
Island rise) are late Tertiary to Recent, and the east-west wrench
faults that dominete the Gippsland Basin are post-Bocene,

The persllelism of the Cretaceous rift trends in the three basins
casts doubt on the various triple-junction and asulacogen interpreta-
tions previously fsvoured for the region. An altermative kinematic
model will be presented.

COOK PETER J.,Division of Continental Geoclogy Bureau of Mineral
Resources, Cenberra ACT, Australia

THE EARLY PALEOZOIC HISTORY OF AUSTRALIA

A recent compilation of continent-wide Australian palaeogeographic
cata clarifies the nature and extent of climatic, sea-~level and se-
dimentological changes during the Cambro-Ordovician., A total of ten
time slices distinguished on the basis of major time breaks, or
fundamental chenges in the style of sedimentation are used as the
time framework for the paleogeographic maps. Through these maps it
is possible to relate features such as occurrence of phosphorites
and organic rich sediments to high sea-level stands during the
Cambro-Ordovician., The development of & transcratonic seaway in the
middle Cambrian, and again in the Ordovician was also a very impor-
tant feature in the extension of nutrient-rich conditions far onto
the craton. Some difficulty was experienced in relating cratonic

and "geosynclinal™ events because of the lack of good blostratigra-
phic control in some parts of the sequence, Despite thia, an attempt
7as been made to present an integrated palaeogeographic picture
throughbouf the Cambro-Ordovician for sll parts of the continent. Ine-
vitably this is model-dependent in the "geosyncline". The palaeogeo-
grephic maps are useful not only for elucidating the history of the
continent but also for esteblishing the known and inferred distribu-
tion of sedimentary mineral deposits and fossil fuels and the reasons
for that distribution.

CRADDOCK C., Department of Geology and Ceophysics, University of Wisconsin-Madison,
USA

THE KEWEENAWAN RIFT (PROTEROZOIC) OF NORTH AMERICA: RBASINS AND RESOURCES

The Keweenawan province defines an intraplate rift that extends from Ransas north-
eastward to lake Superior where it trends eastward and then southeastward into lower
Michigan. The belt of Keweenawan rocks is 2000 km long, is typically 150 km wide,
and lies maily discordant to the structural grain in older Precambrian rocks. Age
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limits are poorly known, but most Keweenawan rocks fall in the 1300-1000 m.y.
range. The Keweenawan Supergroup consists of a lower clastic sedimentary unit

(100 m), a middle volcanic unit (10 km), and an upper sedimentary unit (8 km). The
Keweenawan belt forms a crustal syncline, locally asymmetrie, with an axial horst
atong much of its length. Near western lake Superior the northwestern limbh dips
gently but the southeastern limb quite steeply. The tectonic evolution ecan be
divided into three stages: 1) crustal extension with subsidence, eruprion, and
deposicion; 2) crustal shortening with steepening of one limb of the syncline: and
3) uplift of axfal horst with deposition in flanking basins. Keweenawan volcanic
and sedimentary rocks contain important copper deposits, and metal sulfides occur
in some mafic intrusive rocks. Palepzole basins overlie the Kewecnawan rift, but
their origin is enigmatic. One of these, the Michigan basin, has important oil and
evaporite resources.

DAMBERGER HEINZ H., Coal Section, Illinois State Geological Survey,
Champaign, Illinois, U S A

EVOLUTIONARY SIMILARITIES AND DIFFERENCES BETWEEN COAL BASINS OF THE
EQUATORIAL EURAMERICAN COAL BELT OF THE CARBONIFEROUS

During the Carboniferous three genetically different basin types de-
veloped in the equatorial zone of Laurussian (foredeep, intermontane
intracratonic). They provided ample opportunities for the development
of peat swamps in wetlands of coastal, deltsic and alluvial plains.
Uniform climate and lack of separating major oceans led for a basi-
cally global tropical plant community. Much drier conditions evolved
around the Westphalian/Stephanian boundary, probably because of
northward drift and possibly mountain building. Sediment accumulation
rates differed by an order of magnitude between intracratonic basins
on the one hand and foredeep and intermontane basins on the other,
enhancing the chances of deeper burial in the latter basin types.
This, combined with higher than normal temperature gradients produced
high-rank coals. Sediment depot centers migrated outward from the
emerging orogens, almost perpendicular to the Variscans, diagomally
to the Appalachians, and along the trend in the Saar~Nahe Basin. No
clear migration pattern is recognizable in the Illinois Basin. The
depositional systems differ greatly between the basin types. The great
Michigan River carried its sediments from far away northeast into
shallow seas of the Illinois Basin, building many thin deltas next
and on top of each other. The most common setting of coals was.on top
of delta platforms, in a typical cyclothemic rock sequence. In the
foredeep Pasins alluvial plain and lacustrine settings are only occa-
sionally interrupted by marine ingressions. Meandering rivers are
common. The intermontane Saar-Nahe Basin was landlocked. Sediments
came from nearby borderlands and include many conglomerates. Alluvial
fans, braided river systems, extensive lakes and peat swamps in allu-
vial flood plains and other wetlands are thought to have prevailed
much of the time, but details of depositional environments are still
poorly understood.
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GARETSKY R.G., Institute of Geochemistry and Geophysics of the BS5R
Academy of Sciences, Minsk; SOKOLOV B.A., Moscow State University, .
Moscow, USSR

TYPES OF SEDIMENTARY BASINS AND THEIR OIL-GAS POTENTIAL

Sedimentary basins (SB) form destructive evolution-tectonic structu=
re sequence. Destruction manifested in extension, crushing and stop-
ing of the lithosphere results in the formation of tectonic depres-
sions with intensive sedimentation and, hence, with a drastic oil
generation. SB formation occur in the main in two stages: rift (spre-
ading) and plate ones. Generally, they succeed regularly in time,
According to tectonic position SB of the rift genesis can be related
to the intracontinental (intraplatform and epiorogenic), and pericon-
tinental, as well as to mid-oceanic ones. They are characterized by
a high mobility; permeability which is the way of the mantle degaza-
tion; intensive heat flow which is manifested in deep hot (up to
350°C)gas currents bearing water steam, hydrogen, methane, as well
as sulphides and hydroxides of metals; effusive magmatism. These SB
under the conditions of arid climate are non-compensated, with eva-
porite and carbonate sedimentation, and under humid climate conditi-
ons they are mainly filled with terrigene and terrigene-carbonaceous
formations up to 10 km in thickness. Plate stage is characterized by
wide settling of rift areas, which causes the formation of syneclise
within the platforms and of pericratonic trough and pericontinental
near-oceanic subsidences - in their peripheral parts. Foredeeps ap-
pear on the boundaries with folded structures, and intermontane
troughs-within them. Particular type of SB is represented by troughs
with suboceanic H£arth crust (labigene and mergegene structures)
like the Precaspian one, this of inland seas of the Mediterranean
zone and others., The formation of oil-gas-bearing SB occurs under
the following circumstances: a high rate of formation of subaqueous
oil-gas-generating series (40-80 m/million years and over) and their
considerable thickness, geothermal gradient over 3-3.5°C/100 m, deep-
seated fractured zones which appear under the extension conditions.
All these factors contribute to the transformation of SB into the
oil-gas-bearing ones.
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TAPEHM P.T., VHCTHTYT TeOXMMHM ¥ reojusuky Axaiemry Hayk BCCP,
p.Munck; COKOJNOB B.A., MockoBCKW} IDCYAADCTREHHHR YHWBEDCHTET,

r.Mockea, CCCP
TAIH OCATOYHHX BACCERHOE ¥ MX HESTETASOHOCHOCTL

Ocanoumie Sacceftnn (0F) oSpasynT necTpyRTMEEHE 9BOIOIMOHHO-TEKTOHN-
geoKR#l pAN CTPYRTYDP. lecTDyRO¥A, BHpARAOWAACA B DACTAXEHWH, Ipodie-
HEM ¥ o0pymeHEH JMTochepH, NpEBOIAT K (OPMADOBAHME TEKTOHWYECKUX Ie-~
npeccrt ¢ WHTEHCHBHHM OCATKOHAKONJIEHWEM ¥, Rak cJeICTBEe 3TOro, O
pHepIrEuEEM Hedreodpasomarmem, ®opmupomanwe OB B OCHOBHOM NPOTEKAET
B nBa srana: pudroBmit (cmpemmEroRuft) ¥ mumTHE#., OCHYHO OHE 38KOHO-
MEPHO CMEeHADT JIPYT IpyTra BO BpeMeHW. [0 TexToHmuecKoMy moJoxemmn OB
pEDTOBOrO TeHEe3WCA MOTYT OTHOCHTHCA K BHYTDEKOHTWHEHTANBHHM (BHYTDH~
nuaTfopMeHHEY ¥ BIMODPOTEHEHM), MERKOHTHHeHTAJLHHM ¥ IeDAKOHTHHEHTA-
ABHHM, 8 TakKke CPeN#HHO-OKeAHCKAM, 1A HWX XapakTeDHH BHCOKAA IONBHE~
HOCTH; CoJblad NPOHANAEMOGTH, CIyRAWAA NyTAMA NeTasaniy¥ MaHTHE; HH-
TeHCHBEH{ Tennopol mOTOR, RoTOpHE RaXONET CBOE BNDAXeHWEe ¥ B TMyORH~
HuX Topsamx (no 350°C) rasoEEX CTpysX, HeCyURX NapH BOIH, BONOPOI,
CepoBOAOpOL, JTAeKMoJHE ras, MeTaH, a Takie CYABHEIH ¥ TMIPOOKWCHH
mMeTalnoB; o¢fy3WBHHE marvaTE3M. 3t# OF B yOJOBRAX apHIHOI'C KAMMATA
ABIADTCA HEKOMIEHCWPOBAHHHMA € 9BanopMTOBOR M KapdoHaTHO# cenmveHTa~
muefi, a B yCAOBMAX IyMANHOTO KIMMATA 3aNOJHADTCA NPEVMymecTBEHHO TeD-
PHTEHEHMA ¥ TeDPETeHHO-RAPGOHATHHME fopMaryamE momHOCTH 1o IO EM.
[ImTENR 5Tan XapakTepeH NEPOKMM MOTpyxeHEMeM DBEHTOBMX o6aacTte®, dro
BH3HBaeT HopMPpOBaHWe BHYTpE IIATHopM CEHERM3, a NO BX mnepudeprs -
NepEKPATOHEHX MPOTWOOB, NEPHKOHTHHEHTANEHHX NPROKEAHPYECKHX OIMycKa-
Huff. Ha rpamMme CO GRABIYATHMA COODYXEeHASMZ BOSHWKANT KpaeBHE IPOTH-~
OH, a BHYTDE HAX — MexropEHe. OcoSufi Tun OB — BnagiHH ¢ Ccy0OKeaHHYe~
cxoff zemmofi Kopo#t (JadWreHHEHe WM MepTeDeHHHE OTDYKTYDH) Takme, KAk
[ppracnuioras, BHYTpeHHRX mope#l CpenwsemHOMODCROTO mofca B Ip. Pop-
MEDOBapFe Herera3oHocHHX OB mpoTeraeT NpF BHCOKOR CKOpPOCTE 0fpazo-
BaHAS OySaxBalbHHX HedrerasoreHepampmoHEMX Toum (40-80 m/miH, JeT ¥
doJiee) ¥ EX 3HAYATENsHOA MOWHOCTH, TeOTEDMEYEeCKOM I'DAIMEHTE CBHIIE
3»3;506/100 M, TIyOPHHHX 30H&X TPeURHOBATOCTH, BO3HEKADIEX B 05CTa-
HOBKE pacTameHMdA. Bce 2T0 cmocodorsyer npespamemwo OB B Hereraso-
HOCHHE.
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GARETSKY R.G., MOSCVICH V.A., ERUCHEK B.A., Institute of Geochemistry
and Geophysics of the BSSR Academy of Sciences, Minsk; KUDRYAVETSI.D.,
Central Geophysical Party of the BSSR Geological Department, Minsk,
USSR.

SEISMOSTRATIGRAPHY AND SEISMOFACIES OF THE PRIFYAT TROUGH

Platform mantle of the Pripyat trough up to 5000-6000 m in thickness
is subdivided into a number of seismostratigraphic complexes (SSC)
according to the data of seismic prospecting by methods of common-
depth-point shooting (CDP), vertical seismic profiling, refraction
shooting, as well as to the results of lithology and biostratigraphy.
These seismostratigraphic complexes are represented by strata enclosed
between two adjacent reflective or refractive seismic boundaries and
having characteristic seismic parameters. They are named according to
their position relatively to two (Frasnian and Famennian) salt-bearing
formations: lower subsalt, upper subsalt, lower saline, intersaline,
underlying upper saline, overlying upper saline and supersalt ones.
Seismic boundaries coincide generally with these of lithological for-
mations, sometimes - with unconformity surfaces, which are in both
cases stratigraphic boundaries. Every S8C can be subdivided into a
number of subcomplexes, as the quality of seismic data is improved.
Seismic facies (BF) have been distinguished within the most of SSC
for the Devonian part of the trough platform mantle. The principle of
SF separation is determined by the character of seismic recording of
wave field, in particular of such parameters as tracing, interposi-
tion, amplitude and frequency of reflected waves. Ten main varieties
of seismi¢ recording are generally used: thick-bedded, thin-bedded,
clinoform, chaotic, poorly bedded, diffractive converging, continuous,
interrupted, continuous-interrupted, interrupted-continuous ones, all
being in conformity with their lithofacial analogues (facies of ter-
rigene and carbonaceous shelfs, depression, volcanogenic, reef ones
and other facies) which were determined according to the boring data.
Noted S8C which are confidently traced on CDP profiles are used for
seismofacial mapping during searching for non-anticlinal traps of

gas and oil (in particular for organogenous structures) in the plat-
form mantle of the Pripyat trough., Beismostratigraphic and seismofa-
cies methods are widely adopted in the intersalt SSC (the Zadonak-
Yeletsk deposits) study.
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. TAPEIKVY P.T., MOCKDVY B.A,, KPYUEK C,A., VHCTHTYT reoXmmuy X
reofmoaxy Axanemun Hayk BCCP, r. Mumck; KVIPSBEI M,I., llenTpans-
HAA TeciU3MUECKAR 3KCUIelMiinA Yupapiesss reomyormm BCCP, r, Mimck,
CCCFP :

CE/CMOCTPATVTPAGYA ¥ CEICMOBAINY IPUIATCKCTO IPOTMEBA

IrarfopMerrnit yexon TPHIATCKOI0 NPOTHGA MONHOCTER HO 5-6 THC.M
mozpasgenes Ea DAN CeftomccTpaTurpaduueckyx Rommrekcop (CCK) ma
ocrOBe gamunX ceficMopassenxm (OI'T, BCI, KMIB), smronorzy  Omo-
cTpaTarpadus. '

Bunmenerune CCK npenpcraBasoT codoft Tomm, o6iazawiye XAPAKTEDHHMA
cefiCMIUECKEME NapaMeTpaMy ¥ 3akJOYeHHHEe MeXLY ABYMA COCEIHMMH OT-
pAXARIVMA WIE OPENOMIFAOMMMY ceffcMidecKEMA Tpanmamu, OHM HaSRAHH
B COOTBETCTBUN ¢ MX NONOEeHHEM OTHOCHTeNBHO AByX (fpanckofi ¥ da-
MEHCRO) CONEHOCHHX TOMNI: MOLCONEBOE HERHuM, moncoieBoft mepxumit,
HUEHecoNeBofl mexconeBoft, BepxHeconeecft HExHHE, BepXHecoyeBOl Bepx—
me#l ® HanconeBoit. Ceficv¥deCK7e T'DAHMIH COBNALANT B OCHOBHOM ¢ I'pa-
HAUAME JUTOJOTWYECKNX TOJMI, FHOTLA ¢ NOBEPXHOCTAMM Hecoryacmi,
ABJNAOIEMACA B OGDEX CIY4YaAX CTpaTiurpaf¥ieck¥M: rpaHmiamy, Kaxmufl
CCK nmo Mepe NOBHWEHMA kadecTBa ceficMPUeCKOTC mMATEpEAna MOXET OHTH
noxpasieNies Ha PAL NONKCMIIEKCOB. JA NeBOHCKOR dacTyd miaTdopmer—
HOrC yexsa [IpUNATCKOTO NMporuda B rpanmiax SonsurecTBa CCK BHueseHH
ceficmofanen (CO).

lpurnmn BugeseHns CP cBA3aH ¢ XapaKTepoM celicMmyecKolf 3ammcy Boa-
HOBOT'O = TIOJIA, B YACTHOCTH TAKUX eT0 mapaveTpoB, Kax NPOCIeRIBae-
MOCTB, BRAFMHOE TONOXEHMEe, aMIINTyAa ¥ J9acTOTa OTPAXeHHHX BOJH.
Beero mcnoassyeTcas 10 OCHOBHHX THNOB celficvmueckwx sanuceft (Tor-
CTOCJIOUCTAA, TOHKOCJOMCTAas, KIMHOPOpMEHHAs, XAOTHYHAA, HEACHO-
cJoMCTas, EAPPAKIIOHHO-CXOLAWSACH, HEeNDEDHBHAN, NpPepHBYCTAH, He-
[IPEPHBHO-TIDEPHBRCTAA, NPEPHBACTO-HENPEPHBHAR), XOPOWO COIJACYKX-
WHXCA € FX. JATCHOTO~PanvasrHuEMy asajgoramy (faumm TeppmIeHHOTO M
KapOOHATHOTO meARPOB, AeNpecCHOHHHE, BYJKAHOTeHHHe , pHDoreHHHe

¥ Ip.), KOTOpHE YCTAHOBRJEHH IO INaHHEM OypeHMA.

Bunenernwe CCK, yBepeHHO npociexrveaemue Ha npofmnax OIT, mcnmoae-
3y0TCA IJaa cefcMofanuaibHOIO KapTHPOBEHMA IDH TIOMCKAX HEAHTHKJIE-
HAJTBHEX JNOByueK He@TH ¥ rasa (B 9YACTHOCTH, OPTaHOTEHHHX MOCTDO-
ex) B miaTfopmeHHOM uexue IpEmATCKOro npormda. Haudomslee mpuMe-
HeHMe celtcmocTpaTHTPadwyeckuit ¥ ceflemoPauyaneult MeTONH MOTYYIHIH
B MexcosenoM CCE (3aioHCKO-eJeunKne OTIOREHNA),



GOGONENKOV G.N., Central Geophysical Expedition of the USSR Ministry
of 0il Industry, Moscow; SHLEZINGER A.E., Geological Institute of
the USSR Academy of Sciences, Moscow, USSR

CLINOFORMS OF SEDIMENTARY BASINS

The sedimentary mantle of deep sea basins usually consists of three
rock complexes: thin depressional, thick filling and lateral accre-
tion inpersistent along lateral accretion. The depressional complex
is composed of carbonate-clay sediments which on flanks of basins via
direct clinoforms (carbonate steps) are replaced for synchronous
shallow water biogerm carbonates, The complex of filling is composed .
of terrigenous or evaporite sediments. On flanks of basins via in-
verse clinoforms .they transit to synchronous, relatively thin depo-
sits with similar composition or are subjected to insetting (adjoin-
ing) to underlying substratum and do not escape its boundaries. The
complex of filling fills deep sea basins of internal and marginal
seas, upto hundreds of kilometers in diameter. Within internal re-
gions of oceanic basins, 1000 and more kilometers from the source
areas, this complex is thinning out at the expense of lack of terri-
genous geological bodies (progradational clinoforms) of avalanche
gedimentation, quickly wedging out (dozens of kilometers) along the
strike and dip. Usually they occupy peripheral part of deep sea
basin. However there are cases when its bodies cover the whole terri-
tery of basin (Neocomian progradational clinoforms of West Siberian
plate). Geological bodies of lateral accretion extend in parallel to
the basin slope or can go deep inside it (debris cone).

TOTOHEAK(B I'.H., Lenrpaspees reopusmveckss skcneymuus Munmcrepcrsa
nepranoft npouwmaennocru CCCP, r.Mockma; INESHHTEP A.E., Teonormusc-
KMt MHCTHTYT Axamemuy Hayk CCCP, r.Mockea, CCCP

HKNMHOPOPMH OCAJIOYHHX EBACCEMHOB

Ocaxouru}t Yexon rayG6oEOBOXAHX OBCCeltHOB OGHYHO COCTOMT M3 TPEX KOM-
NAeKCOB MOPOX: MBAOMOMHOTr0 XeNpPeCCHOHHOr0, MOMHOTO SAMOAHEHMA X He-
BHEEPXBHHOTO0 MO AeTepai¥ GOKOBOTr0 HADANMBAHMA. JenpeCCHOHHHH KoM=
nreEC cAarapT EAPJOHATHO-TAMHNCTHe OCE8XEKM, KOTODHe HE J0prax dac-
celtHOB 4epe3 mpaMHe EANHODODMEH (lnpdnnaraue YCTYNHE) CMEHADTCH OXHO-
BO3PAECTHHMM MONHHME MeIKOBOJXHEMK GHOTeDMHHMH KaploHaTaMK. B crpoe-
HME EOMIAeECE 3BN0OJHOHMA YUBCTBYDT TepDHI'PHHHe WA DBANODHTOBNE
ocaxix. Ha Goprax OaccelHOP OHM uepe3 o0paTHHe EAHHODODMH MepeXOXaT
B OXHOBOSDACTHHE MENKOBOZHNe, GAN3KOT0 COCTEBA, OTHOCHTEABHO MBAO-
MONHHE OTXOXGHMA WAE MCNHTHBADT NpuCAoHeRHe (npHAeraEme) X MOZCTH-

16



AeDmeMy CyGCTpaTy M He BHXOXAT 38 ero npereid. Hounnexc 3anonnenus
BHOOIRAET CFAYOOEOBOXHHe OacCellHN BHYTDEHHMX M KpaeBuX Mopel, AoCTH-
repmix B KOTADeUYHKEE COTEH KmaoMerpoB. Bo BHyTpeHEEX paftoHeX okea-
AEYECEEX IAyOOEOBOXHHX Oaccelnos Ha paccrodumw B I000 Emromerpos
¥ Ooxee OT HCTOURHEOB CHOC8 KOMNAEKC 38NOJHEHHA HAUMHAET YTOHATHCA
38 CYeT HeXBATEM TEDDHTEHHOr0 OONOMOYHOTO MBTepHana. HoMniexe GoKo-
BOr0 HAPEEKBAHNS COCTONT H3 TEPPRIEEHNX Te0AOTHUecCKEX TeX (mporpa-
JAOHOEEEE xnnodmplu) JIOPMAEOR CeXMMeHTEIMHM, OHCTDO BHEIHHUBADEMXCH
(geCSTEN EMEOMETPOB) 0O NBXEHMD ¥ BOCCTEHMD. OCHUHO OH 38HAMEET Ne-
prpepup rayGOKOBOZHOTO OAcceina. Ho M3BeCTHH cAyuaM, KOria ero rene
noEpuEaDT Bech Oacceits (HeoKOMCKMe mporpejalMoRHEe EamHodopuMM 3anai-
Ho-CudmpcxoRt mamts). leonormueckue resa GOEOBOr0 H8PEUMBSHUA NPOTA-
ruBaDTCA napenneibHO CENOHY OacceftHe MAM MOTYT YXOEMTH Bray0h HETo
(zonyca mumoca).

HONG HANJING, XU JIE, ZHAO GUOZE and MA XINGYUAN, Inatitute of Geo-
logy, State Seismological Bureau, Beijing, China

TECTONIC EVOLUTION OF CENOZOIC BASINS IN BOHAI BAY REGION OF NORTH
CHINA

Over 40 basins have developed in Bohai Bay region of Noth China since
Eocene time. Most of them are half grabens, distributea around the
central Bohai sea. However, as a whole they trend NNE. They are fault
QI\ bounded and accompanied by multiphase tholieiitic basalt eruptions.
The crustal extension is mainly in NW direction with a maximum amount
of about 20% in the middle segment of this region. Several NW-strik-
ing -transversal fault zones adjusted the different extension between
adjacent parts.
The crust and lithosphere beneath this region are lateral heteroge-
neous and thinner than the surroundings. The low resistivity and low
velocity layers are widespread in the crust of this region. The pos-
sible cause is that the crust was heated by heat pulses from the
lower mantle. Most of the listric faults terminated on top of these
layers, which shows that the rocks above are essentially brittle and
those below are ductile.
Finite element method is utilized to model the taphrogenic process.
Results indicate that the thermal creep dictate the extensional tec-
tonics. A thermal uplift zone with NNE-striking long-axis was formed
centering in Bohai sea in the early Cenozoic. Normal faults and basins
developed where the horizontal rheological velocities were ‘large
enough. As the thermal creep continued rifting propagafeé.f%&g;ds the
central Bohai sea. At the end of Oligocene regional:. thernal crdﬁp\
began to decay because of decaying of thermal energy, tollowed by“‘
cooling and subsidence. °

The seismicity related to the formation of the- bhsina are dlacussedw
2. 3ax. 1548 ',} o s £ 17
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JACKSON M.P.A., Bureau of Economic Geology, University of Texas
at Austin, Austin, Texas ,USA

ROLE OF HALOKINESIS IN THE TECTONIC EVOLUTION OF A TEXAS A.LACOGEN*

The East Texas Basin, an aulacogenic -embayment of the Gulf of Mexico,
evolved from a Triagsic rift basin. Halokinetic flow of Middle Juras-
sic Louann Salt was responsible for the deformation of the 6-km-thick
overburden in the basin. Salt structures constitute four provinces:

a central belt of diapirs is surrounded by two zones of salt pillows,
which, in turn, are surrounded by an undeformed salt wedge. Litho-
facies and thickness variations in Upper Jurassic and Lower Creta-
ceous deltaic sediments controlled the pattern of halokinesis. Struc-
tural analysis of salt-deformed cover allows reconstruction of the
original Jurassic salt ridges from which the diapirs budded; ridge
wavelength was remarkably constant, with a mean of 18 km. Salt struc-
tures grew for similar durations (10-30 Ma) while in the pillow stage
of growth and in the subsequent diapir stage. Peak growth rates in
the Early Cretaceous ranged from 150 to 530 m/Ma, declining in the
Early Tertiary to less than 30 m/Ma. Peak growth rates are equivalent
to steady-state strain rates of 2 x 10'1515. corresponding to slower
forms of orogenic strain and contrasting with rates of 10'9 to
10'1113 calculated for Iranian salt glaciers, whose extrusion is
promoted by Zagros folding. Original thickness of Louann Salt in the
basin center is calculated to have been 1500-2100 m. The entire basin
has lost about 40% of its original salt, maximum loss being in the
diapir province where about T0% was lost after being raised by dia-
pirs from the deep source layer to surface. About B0OO kn3 were lost
by subsurface dissolution and about 2400 knj were lost by extrusion
and erosion. In the basin center loss of 2000 m of salt by diapir
tapping accounts for one third of the total basin subsidence.
*Publication authorized by Director, Bur. Econ. Geol., UT-Austin.

KONISHCHEV V.S., Institute of Geochemistry and Geophysics of the BSSR
Academy of Sciences, Minsk, USSR

EVOLUTIORN OF SALT-DOME SEDIMENTARY BASINS OF OLD PLATFORMS

Salt-dome sedimentary basins of old platforms have been formed under
the influence of the interaction of horizontal movements and consider-
able vertical subsidences. Three-stage succession of their formation
including rift, syneclise (perikratogenic) and orogenic stages has
been outlined. Areas of helokinesis.of intrakratonic and interconti-
nental rifts were mainly formed in the first stagej areas of haloki-
nesis of pericontinental subsidence zones - in the second one, areas
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of halokinesis of marginal systems - in the third one. Stages of early
syneclise, rift one and that of late (superimposed) syneclise were
outlined during the evolution of areas of intrakratonie rift haloki-
nesis. They have been mainiy formed in the rift stage, when a block
structure and deep noncompensated depressions filled with thick salt-
bearing strata were built and saline structures were made up and de-
veloped later on, in the stage of late syneclise. A platform mantle
of halokinesis areas of intercontinental rifts has been accumulated
in the stage of early syneclise, but it was mainly deposited in the
rift stage, when the block structure was formed. Thick salt-bearing
strata were also accumulated irn deep non-compensated depressions and
the formation of saline structures begun, which were developed during
the following drift stage. Areas of halokinesis of pericontinental
subsidence zones were downwarped in the stage of early syneclise.

They were intensively developed in the rift stage, when the block
structure was formed and thick strata of rifting molassa were accumu-
lated. But mainly they were formed in the perikratogenic stage, at

the beginning of which thick salt-bearing strata were accumulated in
deep depressions, and salt domes were formed during deposition of
thick lenses of carbonaceous and terrigenous sediments over shelfs
and slopes. Halokinesis areas of marginal systems were developed in
the rift and perikratogenic stages, but they were mainly formed in the
orogenic stage. Deep non-compensated depressions filled with thick
salt-bearing strata were formed in them in the early-orogenic sub-
stage; thick strata of orogenic molassa were accumulated and salt
domes were intensively developped in the late-orogenic substage. Salt-
dome areas of old platforms form a single evolution-genetic series of
structures.

KOHMI[EB B.C., MacTmETyT reoxumum ¥ reofusuxs AH BCCP, r.Munck, CCCP
SBOJIIVA COJNAHOKYIIONEHEY OCANOYHHX BACCEMHOB IPEBHUMX ILIATOOPM

ConAHOKYmOJBHHE OCANouHHe OacceifHu xpesHwx mrardopv dopMEpOBATIECH
IpE B3a¥MONEHRCTBEAM TOPH3OHTANBHHX NBMESHUR ¥ BSHAYMTOJNLHHX BeDTHKAIb-
HHX MOTDyEeHH#, IOPE 5TOM HamedaeTcd TpeXcTaNwiHas mocielOBATENBHOCTE
¥X OOpa30BaHWA, BRJHYANIAA DEOTOBYD, CUHERIMSHYD (IepYKpaTOHHYD) X
OpPOT'eHHYD CTagWd. B IepByD CTaIil B OCHOBHOM 00pasoBamich 0OJ2CTH
TaloKFHe32 WHTDAKDATOHHHX ¥ MERKOHTWHEHTAJIBHHX DUTOB, BO BTODPY® -
OGNacTH TafoKAHe34a S0H OePUKOHTHHEHTANBHHX ONyCKaHEH, B TPETED - 00—
JIacTH TAJORWHE33 KpaeBHX CHCTEM. B pasBATAY olracrell rajokwresa WH-
TPAaKpATOHHHX DYJTOB HaMedawTcA CTamWy paHHeH cMHermM3H, pEProBad M
nospHe# (HATOReHHOR) CHHEKIX3H. B OCHOBHOM OHM cHopMEpoBaimck B pud-
TORY® CTAIED, KOTZa 06pa30BAMMCh (IOKORAA CTDYRTypa ¥ TUIyCOKWe He-



KOMIIEHCHDOBAHHHE NeNpecCHd, 3alCJHeHHHEe MONHHEME COJIEHOCHHME TOJUIAMH,
7 cfopMEpOBANECH COJAHHE CTDYKTYDH, DA3BHBABIMECH 3aTeM yHacJelOBaH-
HO Ha CTAIWE nosmHe# cwHerawsH. I[rardopmenHu#t wexon oGaacre#t raroxm-
HeBa MEXROHTHHeHTAJBHHX DHPTOB HARAMMBAJICA HA cTamud panHel cEHe-
RIM3H, HO B OCHOBHOM OH OTJIOXWICA HA puproro# crammm, xorma cdopMu-—
poBajack GAOKOBAA CTPYKTYpa. B IMIy6OKAX HEKOMIOEHCHDOBAHHEX Jelpec-—
CHAX HaKONWIACH MOMHHE COJEHOCHHEe TOJWM ¥ Hadaaw HOpMADOBATBCH COJNA-
HHE CTDYKTYDPH, DaSBUBABNMECHA yHACJNENOBAHHO Ha cJelyomed, mpafroBoi
cTamun, OGnacTy TANOKMHE3a S0H NepHKOHTHHEHTANBHHX ONYCKAHWHE IpOTrH-
famich Ha CTau@lé paHHeH CHHeKNWSH, aKTEBHO GOpMEpOBANHMCH Ha pEfTO-
Boft crammm, Korga odpasoBalachk HX GIOKOBAA CTDPYKTYPa ¥ HAKOMAIACH
MOWHHE TOJIE pupToreHHo# MomaccH. Ho B OCHOBHOM OHE CHODMAPOBAINCEH
Ha NepEKpaToHHO# cTamEm, B Havdale XOTOpo# B IAyGOKEX IempecCHAX
HAKOIMIHCH MOWHHE COJEHOCHHE TONNE, & NPE OTJOXEeHVE Ha Wejbfe ¥
CRJIOHE MONHEX JIWHZ KAPGOHATHHX ¥ TEeDPUTEeHHHX OCAIKOB 00pasoBalmch
COJUIHHE mONHATHEA. OGNacTy TaJOKWHe3a KPAeBHX CHCTEM pasBUBAIMCH Ha
padrrosol ¥ nmepEKpATOHHOE CTANMAX, HO B OCHOBHOM cHODMEDOBAINCE Ha
OpOTeHHOH# cTamEd. B paHHeOPOTeHHEyD MOACTEIMD B HEX 00pasoBaldch TUy-
GOKWMe HEKOMIE@HCHDOBaHHHE IENpecCHH, KOTOpPHE CHJY 3aNoJHEHH MONHHMA
COJNSHOCHHME ToJNaMy; B HOSMHEODOTEHHYD NOICTAIMD HAKAIUMBAIACE MOU-
HHE TOJIE ODOTeHHOH# MOJACCH ¥ AKTWBHO DPOCJHE COJAHHe HOMHATHA, Colf-
HOKYIOJABLHEE OGNACTH NpeBHEX miaTdopd o0pasynT eNWHHA HanpamieHHH
SBOJDIICHHO-TEHE THIECKEY DEN CTPYRTYD, Kammuil wieH KOTODOTO HaXOLHT-
Cf Ha ONpeleieHHOR CTANMH 2BOJDINH.

KUNIN N.Ya., Institute of Physics of the Earth of the USSR Academy of
Sciences, Moscow, USSR

SEDIMENTARY BASINS OF DIFFERENT TYPES AND SEISMOSTFATIGRAPHY

1. Prior to drilling seismostratigraphy allows to identify perulia-
rities of structure and evolution of sedimentary basins as single
systems whose development is controlled by tectonic, sedimentary and
climatic factors over the sedimentation areas and in the adjacent
denudation regions., Quasi-synchronous seismic complexes (QSSC) and
seismic facies (SF) are the major objects of seismostratigraphic
research which regards them as three~dimensional geological bodies.
Sedimentary basins of different types are characterised by specific
features of QSSC and SF.

2. At the early stages of study of sedimentary basins, seismostrati-
graphy allows to reveal the regularities in their filling by the
terrigenous continental, coal-bearing, delta shelf, slope, deep-
water QSB8C, to determine the location of carbonate-chemogenic, orga-
nogenic rudaceous, marginal bank, reef, atoll, chemogenic and effu-
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give QBSBC and 8F. This study provides the basis for quantitative
prediction of energy and mineral resources of sedimentary basins on
the whole and of their separate zones and QSSC. Reasons are given to
justify the necessity of compiling special programs of seismostrati-
graphical research in sedimentary basins.

3. The possibility for quantitative estimations is emphasised as
regards pre-sedimentary, con-sedimentary and post-sedimentary tilts
and nonconformities created under the effect of endogenous tectonic,
diapirogenic and exogenic factors on the boundaries and inside QSSC
and SF., Peculiarities in the indication of tilts and nonconformities
are discussed for basins of different types: with uncompensated or
with molassic sedimentation, riftogenic, salt dome, and others.

4, Classification of QSSC and SF of several types of sedimentary
basins is suggested with special emphasis on classification of
clinoforms of sedimentary basins in the western part of the USSR.
Examples and different techniques of evaluations of oil-gas-bearing
prospects are discussed on the basis of results of seismostrati-

graphy.
KYHVH H.A., HEcTETyT (Prowky Semiw AH CCCP, r.Mockea, CCCP
OCANOYHHE BACCEMHH PASINMYHOIO TUIA ¥ CEUCMOCTPATHIPADVA

I. MeomonssopaHWe ceifcMocTpaTEIpafWy NO3BONAET JNO NMPOBENEHHA Oype—
HUA OCBETHTH OCOOEHHOCTM CTDOEHEA M SEBOJDLEY OCANOYHHX OacceiHoB
KAK LEeJOCTHHX CHCTEM, DA3BHTHE KOTODHX KOHTDOJMDYETCHA TEeKTOHWYECKU-
ME CeIVMEHTAIMOHHEMM ¥ KINMATHYECKEMHE faKTOpaM# Ha IUIOWATAX OCAIKO-
HAKOMNEHWS ¥ B CONDAXEHHHX apeaiax NeHynauww. I[MIaBHHM OGBeKTOM cefic-
MocTpaTHrpaduuecKEX WechenoBaHMit ARIADTCH KBABMCHHXDOHHHE celfcMmdec—
xue xommrexcs (KCCK)u ceficmmyeckye $amwu (C3), paccmarpbaemue kax
TPEXMEepHNE TeoJoTHYecKMe Tesa. Ocanounue CaccelHy pasvITUHEX THIOB
XapaKTepM3yonTCA chnermmiEdecKamd ocoderHocTamu HCCK m CO.

2. CeilcmocTpaT#rpadmd MO3BOJAET HA DAHHWX CTAIMAX H3YYeHUA OCANOYHHX
facceidHoOB BHABHTE 33KOHOMEDHOCTH HX BHIOJHEHMA TEDPPUIEHHHME KOHTH-
HEHTaJIBHHME, YTJIEHOCHHMM, IeJBTOBHMM, MeJAbLHOBHME, CHJIOHOBHMH, IJy-
Goroporrumy KCCK, BHACHWTH pasmemeH#e KapGOHATHO-XEMOTEHHHX, OpraHo-
TOHHHX OCJIOMOYHHX, OKDAWHHHX OAHKOBHX, DHTOBHX, ATOJJIOBHX, XeMOTeH-
HEX ¥ ofpysupHEX HCCK u C®. Ha srolf OCHOBE BOBHMKAET BOSMORHOCTE KO-
JMIeCTBEHHOI'0 NPOTHOBHPOBAHHA PHEPreTUYeCKWX ¥ MEHEDAJbHHX PECypCoB
ocayouHux OacceilHop B uemoM, oTneasHHX 30H ¥ HCCK. OdocHoBHBaeTCH
HEOUXONEMOCTE COCTABIEHMA CHeIMAJBHHX IporpaMm celicmocTpaTHIpadudec—
KEX HCCJemOBaHHE ocaZoyHHX OaccelHoB.

3. lomueprwBaeTcd BOSMOXHOCTE KOJFYECTBEHHHX ONEHOK JOCEIUMEHTAIVOH-
HHX, KOHCENMMEHTEUHOHHHX H NOCTCeIUMEHTAIMCHHHX HAKJOHOB M HecoIvia-
cuit, fopMEpyoOUEXCA NON BIMAHEEM SHAOTEHHHX TEKTOHWYECKHX, NRAIEDPO-
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TEHHHX ¥ 9K30PeHHuX (PaxTopoB HA TpaHmuax ¥ BHyTpE KCCK u C2. Odcyx-
Ja0TCA OCOGEHHOCTH WHIWKAIAM HAKIOHOB M HecoIJacHé B OacceilHax pas-
HHX THOOB: C HEKOMIE@HCHDOBAHHEM MJIM C MOJIACCOBHM OCANKOHAKOIIEHHEM,
PEQTOTEHHHX, COJAHOKYNOJBHHX H WHHX.

4, lpemnaraerca KiaccujuxauEs KCCK » CO pasi¥vYHHEX THNOE OCANOTHHX
GacceiiiioB, ocoloe BHMMaHAe yAeldeTcH RIaccHWKalME KIFHOfOpM ocamoy—
HHX Gacceftios samamHol wactm CCCP, OGcy®RmamwTcA TpEMEpH M OPEeMH OUEH-
KM NepCOEeKTHB HeTerasoHOCHOCTH HAa OCHOBE pEBYABTATOB CelfcMocTpaTH-

rpafen.

KUZNETSOV V.G., I. M. Gubkin Moscow Institute of Petrochemical and Gas
Industry, Moscow, USSR

REEF FORMING OF SEDIMENTARY BASINS

The conditions that promote reef forming 5f sedimentary basins are
the following: the location of the latter in the zone of arid and
humid climate, normal salinity of main quantity, limited supply of
clastic material, the rate of not compensated downwarping of even a
part of a sedimentation basin, which is more than the rate of sedi-
mentation and the presence of a morphologically exposed ledge of &
sea bottom. Reef form stretched systems along this ledge which are
characterized by a considerable structural geomorphological and
facies asymmetry. In geosynclinal areas reef formation is replaced
by leptogeosynclinal and black shale formations in the direction of
the basin, in platform areas - by domanicoid. The character of the
outside sediments of the reef formation is defined by the climate
and by the remoteness from the land. Bentogene calcareous, limestone-
dolomite, sulphate-dolomitic and terrigene-carbonate formation are
located here. Different by the direction and the dimension area dis-
placements of reef systems depend on the ratioc of the rate of the
reef growth and the tectonic downwarping even in the limits of one
basin. Reef formation on different facies border refers to Riphean
but asymmetry is poorly developed. Paleozoic and mezocenozoic basins
of reef formation differ in depths and in morphology of the part of
the basin where the rate of downwarping is more than the rate of
sedimentation and in dimension of shallow water basins situated out-
side the reef formation. The area interconnection of depression de~
posits enriched by sapropelic organic matter with reef reservoir and
reef trap and overlapping of+the latter by impermeable clays or
evaporites often causes the presence of oil and gas in reef systems,
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KYBHELOB B.T., Mocromckmit WHCTHTYT HejTexwmwiecko#t ¥ T'as0BOX mMpOMHI-
JeBHoCT® M. H.M.IyOrwuna, r.Mocksa, CCCP

PUGOBOE OFPAMIEHVE OCAIOUHHX EACCE/HOB

YonOBEAME NOABIEHHA DADOB B OOpAMIEHMM OCAOYHEX OacceflHoB ARNAOTCH:
NOJICKEHME NOCHe[HNX B B0HE &DMIHOTO WM IYMEIHOTO KiMMAaTa, CpelHeoKe-
aHWYECKaf CONMEHOCTH, OTPaHWYEHHHII OPUBHOC OGIOMOYHOTO MaTepwasa, He
KOMOEHCWDOBAHHOE OcamkamA Nporufandme XOTA OH 9acTH GacceifHa cemuMeH-
TaIME ¥ HaJ@yre MOPJONOTHYeCKM BHDAXEHHOTO yCTYNa MODCKOTO IHA. Priu
00pasynT BHTAHYTHE BIOAL BTOTO JCTYNA CHCTEMH, XADAKTEDHASyDIUEcH
SHATMTEJBbHOH! CTPYKTypHO-TeoMopdonormieckot ¥ faumansuot acmmerpuei.
B reocuHrIMHaNBHHX oGnacTaX pedosad dopMaliud SaMemasTCd B CTODOHY
facceiiHa JeNTOTeOCHHRINHANPHEMY ¥ 9ePHOCHSHNEBHMA (QOpMallAAME, B ILIAT-
(fOPMEHHHEX - NOMAHWHOWIHHMHA. XapakTep sapdfioBHX OTJOXeHH#E ompepmender-
¢ RIEMATOM ¥ YIA2JeEHOCTED OT CYyI¥, 3neck Da3BHTH GBHTOHOTEHHHE H3-
BECTHAKOBNE, H3BECTHAKOBO-IOJIOMHTOBHE, CYJAbHATHO-TOJOMHTOBHE W TeD-
DHCE€HHO-RApOOEATHHE (opMalnz,

B sapmcEMOCTYE OT COOTHOmEHWA CKOpocTel pocTa pwoB ¥ TEKTOHMIECKOTO
Opormdanms faxe B OpefesaX OZHOTO Oacce#Ha MpOMCXOINAT DARNMYHHE IO
HaUparNeRy ¥ MacmTady DPOCTPAHCTBEHHHE CMEWeHHA DPHPOBHX CHCTEM.
SapoxneHwe DPEJOB Ha I'DAHANe DPA3IMYENX (ammit OTHOCHTCSA K pHjeD, HO
acmMMeTpRA paseHTa ciaado. [laneosoifckde m Me3o-KaiuoszoiicRae Gaccelnn
pafoodpasopanwd PASIHYANTCHA M0 TIydiHe ¥ MODPONOTHE HEKOMIEHCHDOBAH-
HO# ocamkamM@ WX 9aCTH E IO BeJWdYuHe SaprfOBHX MEeJKOBOIHHX BOXOEMORE.
[IpocTpaHCTBEHHAA B3AMMOCBA3L OCOTANEHHHX CAIPONENEENM OpraHWIecKEM
BEWECTEOM NEeNPEeCCHOHHHX OTJIOKeHME ¢ BHCOKOEMKEM DHGOBEM pe3epByapoM
# prfopof noBymKo#, 2 TAKKE NEDERPHTHE NOCHSNHAX HEUPOHHUGEMHME IVIH-
HaME ¥JI¥ 5BaNODHTAMZ HepemKo ofychasiypaeT HedTeTrasOHOCHOCTH pPUDOBHX
CHCTEM.

LAMBEKT I.B., Baas Becking Laboratory, Canberra, Australia

THE EVOLUTION, MINERAL AND ENERGY RESOURCES OF PRECAMBRIAN SEDIMEN-
TARY BASINS

The major types of mineralization and their diastributions in Precam-
brian sedimentary basins will be considered in the light of our
knowledge of the early geobiochemical evolution ¢f the Earth.

Most Archaean mineralization formed as a result of the high levels

of igneous activity. The limited Archaean environments with relati-
vely high sedimentary componernts contain local bedded barite depo-
sits and exhalative iron formations, some of the latter being aurife-
rous, The barite formed duriné the early Archaean in environments



that were tectonically stable compared with those for aurifefous BIF.
Neither type of mineralization demands extensive oxidation of the
hydrosphere DOt oxygenated atmosphere, and isotopic and other evi-
dence strongly implies sulfate was not present in significant concen-
tration in moat of the hydrosphere.

In contrast, the main styles of mineralizatiop in early Proterozoic
sequences reflect the importance of epicratonic sedimentation, gene-
rally more stable environments and the change to an oxygenous atmos-
phere. They are: U and Au paleoplacers in quartz-rich clastics; ex-
tensive BIP, and U associated with unconformities, carbonaceous
matter and chlorite. Less common are Mn associated with carbonates
and BIF; clastic-hosted Cu and Pb-Zn deposits; and "coal" of probable
algal origin.

The middle Proterozoic saw the formation of giant "shale-hosted"
Pb-Zn ores, well above the bases of intracratonic trough sequences,
and some Cu deposits. In the late Proterozoic there was major copper
accumulation in shale-sandstone sequences near basal unconformities;
the earliest oil, gas and phosphorites; and the oldest unpseudomor-
phed evaporites.

MACQUEEN R.W., Department of Earth Sciences, University of Waterloo,
Waterloo, Ontario, Canada

ORIGIN OF PALEOZOIC CARBONATE-HOSTED LEAD-ZINC DEPOSITS, WITH
EXAMPLES FROM THE WESTERN CANADA BASIN

Many sedimentery Paleozoic basins contein showings or deposits of Zn
and Pb sulphides within carbonate rock units. Mast of these belong
to the Mississippi Valley-type (MVT) class. The deposits tend to
occur at or close to the margins of basins; most are associated with
unconformities; sulphides were emplaced in lithified rocks, not sedi-
ments; temperatures of formation were commonly less than 150°C; Zn
normally is more abundant than Pb; most depcsits have associated or-
ganic matter. The range of these deposits is from Proterozoic to
late Mesozoic. However, these features are generalizations which do
not apply to all deposits. Important differences from deposit to de-
posit include: tectonic setiing, presence or absence of major facies
changes such as carbonate-shale transitions; fomm of'deposits. as
stratoform or cross cutting; universal association with dolomite but
amounts and types of dolomite'highly variable; and ores ranging from
Zn-rich to less commonly Pb-rich. However, with some exception no
systematic or evolutionary changes have been identified for these
deposits. The study of MVT deposits requires examination of their
spatial and temporal setting within the context of the subsidence
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and thermal history of the host carbonates, and relationships between
deposits and intraplate activity responsible for emergence/erosion
and the development of faults, arches and sub-basins. Accordingly,
the dating of deposits by radiomeiric or paleomagnetic means is
crucial, Studies of associated organic matter provide an assessment
of the thermal/burial history of host rocks/orebodies, and the pos-
gible role of organic matter in sulphide precipitation mechanisms.
The cratonic platform part of the western Canada Basin contains
scattered surface/subsurface Zn-Pb showings in Cambrian through Mis-
sissippian carbonates. Studies of Pine Point deposits, hosted by
Middle Devonian carbonates, are instructive, Karst control of these
deposits is documented. They are provisionally dated paleomagnetical-
ly and isotopically as Late Paleozoic, although there is at least a
35 millir~ year discrepancy between the dates obtained by the two
methoda. With respect to genesis of the sulphides, a compelling case
can be made for local derivation of requisite volumes of hydrogen
sulphide by organic matter-sulphate reactions, based on physical
attributes of unaltered/altered bitumen, atomic hydrcgen/carbon
ratios, sulphur isotope compositions and its abundances in bitumen.

MOSCVICH V.A., Institute of Geochemistry and Geophysics of the BSSR
Academy of Sciences, liingk, USSR

EVOLUTION HISTORY OF SEDIMENTARY BASINS OF OLD PLATFORIIS AND STAGES
OF REEF FORIATION

Reef formation stages occurred under favourable paleogeographical
and paleotectonic conditions in any of three main phases of evoluti-
on of rift sedimentary basins - initisl, principal and final ones.
Most of scientists suggeating different tectonic classifications of
reef-rock structures distinguish their three main groups: pletform,
geosynclinal and aulacogene ones (or structures of rift sedimentary
basins). According to the character of their development, the lat-
ters heve features of big platform structures in their initial and
final phases, =nd geosynclinea - in the principal phase of evoluti-
on. In conformity with this, rift formetion in rift sedimentary ba-
ging igdistinguished by some peculiarities. Bedded reef-rock struc-
tures - biostromes, biostrome masses and more seldom bioherm beds -
are characteristic of the majority of such basins in initial phase
of their evolution irrespective of the rock-forming organism types
and sedimentation occurs freguently with overcompensation. Tectonic
influence on reef-rock structures in this phase was poor and consig-
ted in consedimentation contrel of the paleobasin's depth and, cor-
respondingly of zones of reef-builder biocoenoses. In the principal,



most active phese of evolution of rift sedimentary basins, being
formed reef-rock structures were considerably influenced by consedi-
-mentation tectonic movements, which controlled the relief, depth of
paleobasin and sedimentary product supply. Intensive deascending mo-
vements periodically resulted in the basin isolation and determined
thereby the aguecus medium mineralization. A1l these factors influ-
enced, in the end, reef=builder biocoenoses and morphology of reef-
rock siructures. Noncompensated, compensated and overcompensated se-
dimentation pecurred under conditions of dissected topography of the
paleobasin bed and different rate of subsidence of its individual
areaes. That's why, in the first case depression deposits were accu-
mulated, in the second one - reef-rock structures were formed and
in the later one = products of their destruction were deposited. In
the finel phase of evolution of rift sedimentary basins the rate of
descending vertical movements markedly reduces, which results in
overconpensation and accumulation of carbonate beds small in thick-
ness with rare bedded reef-rock gtructures.

MOCKBMY B.A., MHCTMTYyT TreoxsMuM W Teofrswrm Akasemuu Hayxk BCCP,
r.Marcr, CCCP

VCTOPMH PASBATHA PUOTOBHX OCALOYHHX BACCEMHOB IPEBHMX IJAT®OPM M
STAIL PYROOEPASCBAHKA

OTam pugooSpasoBaHKa MMeJM MEeCTOo IpM GJIaronpAATHHX Haleoreorpafmde-—
CHKUX M MaleOTEKTOHMYeCKMX YCJOBMAX B JIOGyi K3 TpeX OCHOBHHX (a3 pas-
BUTUA DHPTOBHX 0CaL0YHHX Jaccelinos ~ HavYaJbHyn, DJIABHYD FJE 3aBepua-
OUy0, BOJBUHHOTBO 4BTOPOE TEKTOHAYECKEX KiIaccujuxarph pROreHHHX TO-
CTPOEK paccMaTpmBaeT TPHM KX OCHOBHWE IDYNIN: IaTdopveHEHe, I'eOCHH-
KIMHAJBHHE ¥ aBJaXoTeHHHe (MW puGTOBHX 00anouHHX Oaccefmos). Ilo xa-
PaKTepy CBoerc pasBNTMg NocJenHue HecyT B cede B HAvaJbHOM E 3aBep-—
mapuieil asax 4YepTH KpPYyNHHX NIaTOPMEHHHX CTPYKTYD, a B IJIABHYD — I'eo-
CPHEIMHATW, B COOTBETCTBAM ¢ 3TMM ¥ pRoodpasopaHue B PRPOBHX oca -
IOYHHX JacceiiHax MueeT OTVMUMTeJbHHE OCOJEHHOCTH. Jiag GOJBIMHCTBA
OONOSHHX JacceiHOB B HAYaJbHYD $a3y HX DasBATHA HE3aBMCHMO OT THIOB
OpOX00JIpasyniMx OpTaHM3MOB XapaKTepHH IMacToOdpasHHe DRPoreHHHe No-—
CTPO#KE — OBOCTPOMH, OMOCTPOMHHE MAcCUBH M Dexe OHOrepMHHEe IMIacTH, a
0CANKOHAKOIJIEHAe TPOKCXOANT NpW yYacToR nMeperoumeHcary@d. BIMAH@E TEK—
TOHMKM Ha DPPYOreHHHe MOCTpOKE B 8Ty asy OHJC caaduM ¥ 3aK0YAJNOCH
JMIE B KOHCeIMMEHTAI@OHHOM KOHTpOJE IJIyOMHEH Haleofacceiina ® cooT-
BETCTBEHHO 30H OEOIeH0308 pufocTpomTerdeit, B ruasHyw, HagdolNee aKTE-
BHYD a3y’ pasEETES DAQTOBHX OCAmOuHHX OacceifioB Gopumpypuzeca pado-
reHHHE NOCTPOMKM NOJEePrajHCh IHAUATEJHHOMYy BIMAHED KOHCEIEMEHTAIWE-
OHHHX TeKTOHWYEeCKHX NEWzZeHmii, KOTODHE KOHTDOJMpOBa)M peXbed M rayom-
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Hy IHa majeofacceliHa ¥ NOCTyIJIEHHe 0Caf0YHOrO MaTepHala. MHTeHCHWBHHE
HCXOLAlMe IBAXEHNUd NepUOINYeCKN NPUEOIRJM TaKwe K A30JAIMA Jacceil-
Ha, OmpeleJiAd TeM CcaMiv MUHepa/mM3al@id BOIHOM cpeiH. Bce 9Ty (axTopH
B KOHEYHOM MTOle BIMANM Ha JMONIEHO3H pudocTpomTesedf ¥ MopdHoJIOTHO pH~
(OreHHNX NOCTPOEK. B yCJOBRAX pacwWieHeHHOTO pejbeda mHa Naleodaccei~
Ha ¥ Pa3M4yHOM CRODOCTH HOIDYXEHMA OTHEJHHHX ero yYacTKOB MMEJM MeC~
TO HEKOMIEHCHPOBAHHOE, KOMIEHCHDOBAaHHOE M NePeKOMIEeHCHPOBAHHOE OCai~
KOHaKoIUleHHe. [[02ToMy B MEpROM OJydYae HAKamMBaJMCh IeMpecCHOHHHE
OTJIOXEHAS, BO BTOpoM QopMEpOBa/MOb pPUfOTeHHHEe NOCTPOHKM, a B mOCJEl~
HeM - DIPOIYKTH UX paspyueHMd. B sasepmavuyn §asy paseuTEA PROTOBHX
0Can04HEX $aCCeldHOB 3aMeTHO CHERAETCH CKOPOCTH HMCXOIAWMX BEDPTHKAIbL~
HHX IBExeHHil, YT0 MPAROIMT K MePeKoMIeHCAIWN ¥ HAKOILUIEHED MAJOMONHHX
KapOOHATHHX IJIACTOB € DEeNKAMHM MIAcTO0Jpa3HuWP DUPOTEHHHME nocTpoika~
um.

NALIVKIN V.D., LAZARZV V.S., All-Tinion Petroleum Geological Research
Institute, Leningrad; HEREMENKO N.A., Institute of Geology and Deve-
lopment of Fuel Fossils, Moscow; LeVIN A.E., All-Union Research
Institute of Geology of Foreign Countries, Moscow; EKHAIN V.E., Mo-
scow Btate University, Moscow, USSR.

TECTONIC PECULIARITIES OF GLOBAL DISTRIBUTION OF HYDROCARBON POTEN-
TIAL RESOURCES

New data on o0il and gas potential of World Ocean and continents, on
average thickness of tight rocks and specific volumetrical density of
potential resources in different types of basins, permitted to make
up the conclusion about the global distribution of resources between
continents, oceans and different genetic types of basins.

Maximum of resources (60-70%) are located in transitional zones bet-
ween continents and oceans. About B9% resources of oil and 68% of gas
ere located in these zones. Intracontinental basins of all types con-
tain as much as 11% of o0il resources and that 32% of gas.

Ancient platform basins contain - 20% oil and gas resources, young
platform basins - 8%, intramountain basins - %%, transitional zone
basins - 32%, present passive margine basins - 35%.

Paleozoic sediments contain - 17% oil and gas resources, mesozoic -
eocene - 68%, oligocene-pleistocene - 15%.

Distribution of hydrocarbon is controlled by types of basins, formed
in conditions of considerable litospheric tension.
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HAJVBKVH B.I., JABAPEB B.C., Bceconsuuff medramoff HayuHo-mccaegoBa—
TeJbCKH} reomoropassenouHuft mHeTHTYT, I'.JeHmnrpan; EPEMEHKO H.A.,
VRCTHTYT TeOnor¥s X paspadOTKM T'OPOYEX MCKONAEMHX AKaneMwy HAyK
CCCP, r.Mocksa; JEEVH A.3., BcecowsHu?t HayuHo-WCcreLoBaTeNLCKHER
HHCTETYT TI'eOJOTHE 3apydexuux crpaH, I'.Mockea; XAVH B.E., MockoBc-
kalt rocymapcreennu#t yumpepcureT, I'.Mockea, CCCP

TEKTOHMMECKME OCOBEHHOCTY TTOEANBHOT'0 PACIPEIENEHWI NOTEHIMAIBEHHX PE-
CYPCOB YTIEBOJOPOIOB

Hoene maHHHE O HedTerasoHOCHOCTH MApOBOrO OKeaHAa B KOHTHHEHTOB, CDell-
HEB3BEMeHHOR MOWHOCTHE YIUIOTHEHHHX NOPON ¥ yHeJbHO# OOheMHO# IIOTHOCTH
NOTeHIXaJBHHX DECypCOB B TEKTOHOTHNAX Kaxmo¥ ¥3 rpymn OaccefiHOB mamu
OCHOBaHHE HaMETETE OTHOCHTensbHoe (B %) riodanpHOe pacmpefiesieHWe Decyp—
COB: MEENy KOHTHHEHTAMHE, OKeaHaMV ¥ KpaeBHMM MODAMN; I'eHETHYECKEMH
TpynmaMe dacce#HOB, OTORIECTRIAEMHX C MEIalpOBMHIEAMYE; KEDYNHHME CTpa-
TUTpafideCKUME KOMIIEKCAME OCANOYHOT'O CJOA Ui 3eMIH B IEJOM ¥ Kamnoi
H3 MeranpoBHHIME B 9acTHOCTH.

HawGoasmas KOHIERTpamEs pecypcos (60-70%) XapaxTepHa mif GacceidHOR
mepexomHO# B0HH OT KOHTMHEHTOB K OKeaHy, 4YTO HNONTBEDXIAETCA COCPENO-
foueHEEM B EX npefeiax 89% paspefiaHANX 3aunacos HedTE # 68% rasa mpo-
e 11% medre ¥ 32% rasa Bo BHYTDEROHTWHEHTANBHHX GaccefiHax Boex Tu-
noB, Ha nomn dacceffHop XpepHMX mwiaTopM IPEXOIMTCA TopAmka 20% pecyp-
coB; OacceitHop Mozomux mwiarTdopd 8%; MEErODHHX BIAJWE 3DEJHX OPOTEHOB
oroxno 3%; Gacce#HoB CoBpeMeHHOH axTHBHO OKpawmH 2%; mepexoxHO# 30HH
X To# Xe oxpawHe ;o I0%; nepexomHOK 3CHH KpaeBHX Mopell ¥ IpeBHei oxe-
aHWYeCKO# OKpawde Ho 22%; COBpeMeHHO# maccusHO# oxpawHH nopanka 35%.
NlaneosoftckE#t KOMIIEKC, NOAL3YDNHiCA pPACIPOCTpPAHEHWEM ODEXMYUECTBEHHO
HA KOHTEHEHTaX, COUEDEET OKoIO I7%; Me3030KcKO-B0UEHOBHI-68% W oxmro-
neH-iefcronenosui~-15% pecypcor.

InasHoff 0cOGEHHOCTED paclpejeeHU 3aACOB OKA3HBAETCA WX B3adMOCBHSH
¢ TeHeTHUYSCKMME Ipymmamy GacceiHoB, (OPMHPOBABIMMUCA B TEKTOHMYECKHX
JCJOBUAX CYMECTBEHHOTO DACTAKEHMA NUTOCHEDH.

NIKOLAEV V.G., Geological Institute of the USSR Academy of Sciences,
USSR; VASH D.,D.ShHtur Geological Institute, Bratislava, Czechoslo-
vakia; POGACSAS D., Geophysical Ebcplon‘:'a.tiou Cowmpany, Budapest,
Hungary

NEOGENE-ANTHROPOGENE PANWONIAN BASIN - STRUCTURE OF LABIGENIC TYPE

For the last few years, many geologists ascribe the Pannonian basin
to be interarc structures resulted from subduction. The data on
structure of the sedimentary cover, chemical composition of Cenozoic
volcanics and geophysical materials enable us to regard the Pannonian
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basin as a structure of a specific type.

The Pre-Neogene basement of the Pannonian basin is represented by
different rocks ranging by age from Precambrian up to Paleogene.

They are predominantly geosynclinal but also include platform covers
of Triassic-Cretaceous, Upper Cretaceous and Paleogene age widespread
in some zones.

The Pre-Neogene basement surface forms a number of large structural
elements, rather gentle and complicated by fractures, represented
predominantly by faults and upthrusts. At the same time, the seismic
data established a few overthrusts.

The Neogene-Anthropogene sedimentary cover is subdivided into two
gtructural complexes: the lower - Miocene (up to Sarmatian stage in-
cluaively) and the upper one, including a part of the Upper Miocene
(Pannonian and Pontian stages), Pliocene and Anthropogene. Narrow re-
latively elongated structures are typical for the lower complex. The
linear zones composed of andesite and rhyolite volcanites developed
synchronously. The upper complex forms very gentle isometric struc-
tures. Their formation was accompanied by the widespread basaltic
volcanism. The maximum thickness of the lower complex deposits (up to
4-5 km) is associated with marginal structures of the basin, while
that of the upper complex (up to 5 km) was found in its central part).
The Miocene (up to the Sarmatian) is characterized by conditions of
extension, while the time of formation of the upper complex by pre-
dominantly vertical negative movements,

The analysis of the structure in the deep-seated part of the Earth
crust suggests that its formation began in the Middle Miocene (the
main stage - Upper Miocene/Pliocene) due to the uplift of the mantle
diapir. The Pannonian basin, as well as basins of the internal seas
of the Mediterranean belt, should be ascribed to a peculiar class of
labigenic structures.

HMKQIAEB B,T'.,Teonormyeckmt HHCTETYT AKaeMul HAYK CCCP,r.Mockea,
CCCP; BAN I, ,Tectormuecku?! macrTETyT MMm.[.[rypa,r.Bparucaasa,iCCP;
MOTAYAIN 1. ,Teofuaugeckult UccleloBaTenbcrudt Tpect,r.Bynanemr ,BHP

HEOTEH -AHTPOIOTEHOBUA TTAHHOHCKAI BACCEMH - CTPYKTYPA JARATEHHOTO
THIIA

B mocaensme romu lamsoHckuft Gaccefin MEOIMME IeoJOTaMy OTHOCHTCA
K BHyTDENyTOBEM CTDYETypaM, BOSHEKIEM K&K CHENCTBHE CyOIyRmud. JaH-
HHE @O CTPYKTYPe OCANOYHOT'0 YeXia, XUMA3MY KalHosoMckux BYJRSHATOB
U MATeDERJH IeOfUsHRE NO3BOJANT BHAGNMTH [laHHOHCKEE Saccelin xax
CTPYETYPy ocodoro TEna, JomeoreHomu# Jyumamesr [JaEHOHCKOTO Gacceflna
npefcTaBIed pas’HOOCDASHHME NODONSME C BOSDACTOM OT JOKeMOpEs X0 na-~
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JneoreHa, Cpem® HEX npeodJalapT I'eOCHHKIMHAJBHHE TOJNM, HO 6CTh M
miaTopvenHne cepud, K mociensuMm OTHOCATCA TPHACOBO-MEIOBHE, BEDXHE-
MEJOBH® ¥ IATEOTESHOBHO OCANOYHHE YOXJH, PASEETHe B OTHENBHHX SOHAX.
TloBepxHOCTE HOHeOr'eHOBOro {yHmameHTa odpasyeT PAN KDPYOHHX CTPYKTYD-
HHX opM, NOCTATOYHO HOJOTEX, OCIOXHOHHHX Da3DHBHHME HADYMeHHAME.
Cpemm Hux mpeodiajawT COpoCH ® B3GpoCH. BMecTe ¢ Tem IO MaTepraiaM
celicMOpasBeIKM yCTAHOBNGHH HANBUI'M.

B HeoreHE-aHETDONOI'€HOBOM OCANOYHOM YeXJe BHIENeHO IBA CTPYKTYDHHX
KOMIUIEKCA, HEXHEA - MEONEHOBHE (N0 cApMATCEOIO Apyca BRANIETENBHO )-H
BepxHE#, BRINTAKNME JACTH BepXHEro MEONeHA (naHHOHCKEH ¥ NOHTWYeCKEH
ApycH), IUMOLEH X aHTponoreH., [JAd HEHEHEr0 KOMIUIEKCA XADAKTEDHH Y3KHe
OTHOCHMTENBHO BHTAEYTHE CTDPYKTYDPH. CMHXDOHHO DasEMBANHCEH JHHeliHHe 30-
HH, CJIOXEHHHE AHKE3FTOBHME ¥ DEOJNTOBHMA ByJKAHATaMH, Bepxau#l Komm-
JeKc o0pasyeT OdYeHB NOJOTHEe H3OMETDWYHHE CTPYKTYpH. VX fopmupoBanme
CONpOBORIAJOCH DPA30CMEHHHM B IUIAHE CasaNbTOBHM ByJAKaHESMOM. MakcE-—
MATEHHE MOMEOCTH OTJOXeHuit HAXHero RoMmmIexca (o 4-5 M) NpEYDOYeHH
E KpaeBuM CTPYKTypam Gacceiia, TOTJa Kak MAKCHMyM MomHOCTE# BepXHero
xoMIekRca (mo 5 KM) pacnoJoXeH B HeHTpAnsHO$#t YacTH Gaccefina,

Ine mmoneHa (o capmara) XapakTepHA OOCTAHOBKA DaCTAREHHT, a IJIA
BpeMeH¥ BeDXHEro KOMIUIEKCA — NpeodJaliaHue BePTUKANBHHX OTDHEUATEIBHHX
JEAXeHEH,

Anamys crpoeHud TAyCEHHOR dYacT® 3eMHOY KODH NO3BOJAET IPeIuoJo-
EUTH, UTO OHA (OPMMpOBAIACE HAYHHAA CO cpexHero myonesa (ocHoBHOR
sTan - BepXHUE MEOIEH — MIMONEH) 3a CYeT NONHATEA MARTEHHOTO IMamH—
pa. asHoHCR®E Gacce#H, Tk Ke XAk ¥ BOAJMAH BHYTDeHHUX Mopel Cpeme-
3E6MHOMOPCHOIO IoAca, CASNYeT OTHOCHTH R OCOOOMY KJIAcCYy JaCHreHHHX

CTDYKTYD.

0J0S.B, and AJAKAIYE D.E. , Department of Physics, Ahmadu Bello Uni-
versity, Zaria, Nigeria

INTERPRETATION OF THE BOUGUER ANOMALIES IN THE NIGERIAN MIDDLE NIGER
BASIN WITH CONSTRAINTS FROM MAGNETIC DATA

The Middle Niger Basin of Nigeria is . an elongated trough filled with
Upper Cretaceous sediments. It cuts across a zone of approximately
north-south trending linear belts of Precambrian metasediments and
meta-igneous rocks.of generally greenschist and lower amphibolite
facies metamorphism.

The Bouguer anomaly map of thé south-east segment of the basin is
dominated by a broad positive high to the east, reaching an absolute
amplitude of +17 mGal with a prominent NW-SE trend parallel to the
northern margin of the basin; and a N-S trending negative low to the
west with an absolute amplitude of -30 mGal which is interpreted as
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being caused by relatively thick sedimentary rocks.
Two-dimensional gravity models constrained with preliminary depth-

_ to=besement estimates from.aeromagnetic data-show that the basin is
generally shallow (less than 2.5 km), and that the data are best
explained by a combination of moderately thick sediments accompanied
or underlain by areas of shallow basement or high density metamor-
phic basement and schisth. A doming of the Moho surface under the
basin is indicated by the low-gradient positive anomaly suggesting
thinning or stretching of the crust with stresses which might have
caused rifting and subsidence similar to those of the Central African
rifts.

PAVLOV D,I., Institute of Ore Deposits Geology, Petrography, Minera-
logy and Geochemistry of the USSR Acadeuy of Sciences, Moscow; GOR-
ZHEVSEY D I., Ceatral Research Institute of Geological Prospecting

in Non-Ferrous and Noble Metals, Moscowy KARTSEV A.A., I M. Gubkin
Moscow Institute of the Petrochemical and Gas Industry, Moscow, USSR

DEVELOFMENT OF LEAD-ZINC STRATIFORM MINERALIZATION AS RELATED TO
EVOLUTION OF SEDIKENTARY BASINS

The geologicel correlations between stratiform lead-zinc mineraliza-
tion and potentially oil and gas generating horizons in the sedimen-
tary basins are rewieved for the USSR ore fields mainly from Siberia
region. The obtained results maintain the following conclusions.

The origin of hydrothermal systems which provide the primary sedi-
mentary-diagenetic ore deposition is associated with catagenetic ge-
neration of solutions as a result of replacement of montmorillonite
by hydromica in strata submerged to the deep levels of the principal
0il forming zone. These potential cil and gas producing processes are
agsociated with redistribution of microcomponents and organic matter,
thus, enriching confined high pressure solutions. The solution dis-
charge into favourable tectonic structures takes place after filtra-
tion along collectors and is accompanied by removal ¢f waters which
in the course of postsedimentary transformation of host rocks are
also enriched by metals. High salinity of these waters substantially
facilitates the increase of their metalliferous properties.

The high temperatures of fluids which facilitate transformation of
Primary deposits arc conditioned by progressive sagging of sedimen-
tary basins and displacement of rocks to deeper areas. These events
under even more extreme thermobaric conditions, cause dehydration of
hydromica. All these phenomena are facilitated by the strong increase
of rige in dynamic load and heat flow during the epochs of intensive
tectonic activity.

The principal difference of hydrogeologic conditions in the realiza-
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tion of the potential metalliferous capacities in comparison with the
oilliferous ones lies in the more exposed forms of discharge. In both
cases the discharge is frequently controlled by slopes of consedimen-
tary uplifts

[ABIOB Jl.M., MucTaTyT TeONOTHE PYXHHX MecTopoxieHui, nerTporpajfus,
MEHEDAIOTR ¥ reoXwMiy Arazemus Hayk CCCP, r.Mocksa; TOPEEBCKMA I.K.,
lenTpansenit BAYIHO-ECCAEN0OBATENECKER I'e0JOTODPASBENOTHEE WHCTHTYT
UBeTHHX ¥ ONaTOPOJHNX MeTawloB, I'.Mockea; KAPIEB A.A., MockoBckmit
HHOTHTYT HejrexumAgecko# ¥ rasopo#ft mpomsmaeHHocTHE AMeRE H.M.Tyd-
X¥Ha, T.Mocwrsa, CCCP

GOPMMPOBAHIE CTPATVEOPMHON CHRVHLIOBO-LMHKOBOY MUHEPAJMSAILN KAK
PESYNETAT SROIKIM OCAJIOHHEX BACCEMHOB

Ha npeaepe mecTopoxmenwit CCCP, raaBuuM ofpasoM CHOEDH, DacCMATDHBADT-
CA IeCcNOTHYECKHE COOTHOWEHWS CTpaTwWhopmHol CBAHLIOBO-IMHKOBOK MEHEpDa-
JIE320¥¥ C NOTEHIMANBEO He(TeTasONpONYIMDYOIMME TOMNAMY, 38X0DOHEHHH-
ME B HEIpaX QCauouHuX Gacoeduor, HojyueHHHe peSyJABTATH HOBBOJAOT
OpeuoNaraTs Clie Kypues .

BosEMKHOBeR¥e TEIPOTEDMANbHEX CHCTEM, OOECHeUABIMX NEPBHIHOE 0CaN0Y—
HO-JHaTeHeTHYSCKOe OTJIOREHHE CYJALJHEIOB, OCYCJOBIEHO INpOLECCaMH KaTa-
T'@HeTHUeCKOY T'eHepallME DACTBOPOB B DeSYJBTATE THIPOC/NIVSAIMH MOHT-
MODHANOHATA TVINHHCTHX TOJN, NOTPYEREHHHX Ha TuyCWHHHA ypOREHR TVIaBHOR
30HH mejTeolpasoBaHpd. ITH NOTEeHIMANLHO Hedrerasoolpasybufe ODPOLECCH
CONpPOBORTANTCA NepepaclupelielieHNeM MUKPOKOMIOHEHTOB ¥ OpTaHN4ecKoro
BelecTsa, oforamanmux (GopMUpyDIHecs BHCOKOHANODHHE DACTBOpH, VX pas-
TPy3Ka B OIaronpEATHHE TEKTOHMYECKWE CTDYKTYDH NPOMCXOMET Rocke {wmib—
TPALWE OO HOpOXaM ROJIEKTOPOE C NONYTHHM BHTECHEHNEM X3 HEX BON, Tak-
Xe o0oTaleHHEHX MeTallaMl B XOfe INOCTCEeIMveHTAIROHHEX Tpeoldpazcsanuil.
PaccossrE# cOCTAB MIACTOBHX BOZ CYWECTBEHHO CHOCOGCTBYET NOBHUEHAD HX
METaIOHOCHOCTE

BHcoRWe TeMmepaTypH QuIDKAOB, Y9ACTBOBABUWX B NPeOCpPABOBAHAR IeDBHYHHX
sanexedl, o0yCcAOBIEHH IATPHedIAM NPOTHOAEWSM OCANOYHHX OacceiHOB, CO—
OPOBOXIABNMMCH HepeMeleHreM MOpOX B o6dacT¥ eme OoJlee BHCOKWX TepMO—
dapiueCKHEX yCJAOBHA B TAySOKWX 3IaCTAX oTWX Oacce#HoB,,IIe AneT HeTH-—
IpaTamud cHOpDMEDOBAHHHX pafee IWIpocani. l'eHepaums QuOENOB come#cTBY-
eT peSKOe BOSDACTAHWE IWHAMWIQCKWX HATPY3O0K ¥ TEILIOBOI'0 NOTOKA B 3HO0-
X# NOBEmMEeHHOHX TEKTOHWIeCKOW axTWBHOCTH.

TJMaBHOR OTIMYEe TYEPOTEONOTHYECKEX YCJAOBHR peanysalMy NOTeHIEaNBHOR
METALIOHOCHOCTH RATaTeHETHYECKAX pPacTEOPOB II0 CPaBHEHHED ¢ HedTeHOC—
HOCTEB — OoNee OTRDHTHE DOPMH pasTDySKH, B OCCHX cJAydasX d9acTo IpH-
ypouuBaemof X CHIOHEM KOHCEIMMEHTAIMOHHHX IONHATHHE.
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PEK A.A., Institute of Ore Deposits Geology,Petrography, Mine-
ralogy and Geochemlstry of the USSR Academy of Sciences,
Moscow, USSR

HYDRODYNAMICS OF ORE-FORMING FLUID SYSTEMS

Qre-forming fluid systems in sedimentary basins have disseminated
input. The main sources of the fluids are relict pore waters and
golutions released while -compaction and dehydratation of the basin
sedimentary stratae. As a result of disseminated nature of the
source fluids, the hydrodynamic pre-conditions for the system
gensration play decisive role. The key problem is that how the
flow becomes "focused" (W.S.Fyfe, N.J.Price, A.W.Thompson, 1978),
that is how initially disseminated flulds come to spatial conver-
gence.

Economic geologists know from experience, that in phenomenon
of spatial convergence of hydrothermal fluids major role play
structural environment. The structural control of hydrodynamics
of the hydrothermal flow is a result of diverse permeability of
constituent elements of the geological structure. In accordance
with the principle of minimization of energy wastes, the percola-
ting solutions accumulate in the most permeable elements of the
geological structure ~ faults, fracture zones, reservoir beds etc.

In order to examine the influence of structural environments
on the hydrodynamics of the hydrothermal streams, an electric-ana-
log modelling of solutions flow had been carried out in the simu~
lated structures representing patterms typical for structural
environments of hydrothermal ore-forming systems in the sedimen-
tary basins. The obtained resultes permitted to outline general
principles of hydrothermal flow control by fault and fold structu-
Tes. The significance of drainage structures was specially empha-
8ized, in particular, for deep penetraining faults and regional
reservoir beds. The quantative estimates show the degree of struc-
turally 4nduced hydrodynamic convergence ("focusing") of the flow
up to hundreds and thousands of times and even more. '

3K A.A., WHCTETYT IeosOrum pyNHNX MECTODOXNEHMY, meTporpaiuu, MiHe-
PANiOTHE M reoxEMum Axanemum Hayk CCCP, r. Mockea, CCCP

THIPOIMHAMVKA PYZIOOEPASYIUMX QNKMIHHX CHCTEM

Pymoodpasyonse dumomnene cucTemy ocanouHHx dacceftHoB dopMupywTCs 3a
CUeT NMPOCTPAHCTEEHHO DACCPENOTOYEHHHX MCTOYHHKOB pacTBOPOE. OCHOB-
HEMH TaKEMH ACTOYHAKEMH SBJSKTCA PENEKTOBHE NOPOBHE BOMH M DAcTBO-
PH, BHmeNsOWMECHA NpA YIUIOTHEHMM ¥ DeTHOpATAUMA 3amonHmaumx dacceltd

3. 3ax. 1548
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ocalloyHEx oTJoxesu!l, BecrencTbre paccpeROTOYEHHOIO xaparkTepa (Vodn-
HOrO IBTaHiA CHCTEM FOIPOC O IUNpPONMHAMKYECKMX NpelNocHJIKax Rx
HOpMUpOBAHUA NpuoCpeTaeT peliaxuee 3HavyeHue. OCHOBHadA mpodneMa 3aK-
JiyaeTCH B ONpelesIeHWd TOrO, KakuMm o6pasoM MpOMCXOIAT "(OKYCEpOBA-
Hue" (W.S.PFyfe, N.J.Price, A.W.Thompson, 1978) mMTaNEr0 CHCTEMY
NOTOK&, T.e. NPOCTPAHCTBEHHO® COCPENOTOYEHME HCXONHO DACcCAHHHX
pacTBOPOB.

OmuT M3ydYeHus TMNpoTepMarsbHHX MEecTOpOXNEHMil mokasHBaeT, 4TO
B (OpPMUDOBEHUM MPOCTPAHCTBEHHO COCPENOTOYEHHHX NOTOKOB THIPOTEpPMANE-
HHX DACTBOPOB Belywad poJb MPUHAIEKUT CTPYKTYDHHEM yCJOBMAM, CTpYyK-
TypHHE YCJAOBMA BJMANT Ha IUIPONMHAMAKY IHIpPOTEPMENBEHOINC HOTOKA B
CBA3YM C TeM, 470 ofpasyuiide recJOrMYeCKyn CTDPYKTYPY SJEeMeHTH ojjaa-
JapT pasJMyHO{ NpoHUIEeMOCTB MIA IBAXKEHWA IUIPOTEpPMANbHHX pacTBO-
poB. CTpeMACh K MMHMMUIAIIMM 34TpPAT IHEpPUME Ha Npollece NBUKEHMSA, pAC-
TBOPH COCPENOTOYMBENTCA B HaugoJee NPOHULIAEMHX BJIEMEHTaX Ieojlord-
YecKoil CTPYKTYpH — pasJyoMax, 30HAX TPEUKHOBATOCTH, JI&CTaX~HOAJIeK-
Topax ¥ Ip.

C pespk M3yJYeHUs XapakTepa BJMAHMA CTPYKTYDHHX ycaoBHit Ha rag-
PONMHAMUKY I'EIDPOTEPMAJLHHX NOTOKOB MPOM3BENEHO DJEKTPAYACKOE MO esmm-
POBaHKME IBUKEHUA PACTBODPOB B MONENAX Ie0JOIdYecKUX CTDYKTYp, Npel-
CTABJADIAX TUNM3MPOBAHHHE YCJOBHA (OPMHDOBAHUA PYHOOCpA3yBRHX (moHR-
HHX CHCTeM OCanouyHHX dacceitHoB. [lo peayisTaraM MOIENMPOBAHUA ONpene-
JAeHH o0uHe 38KOHOMEpPHOCTH I'MIPOIMHAMEUYECKOI'0 KOHTDPOJA THIPOTEDPMATh-
HHX TOTOKOB PA3DHBHEMM ¥ CHJIANYATHME CTPYKTypemd. [IONYEPKHYyTO 3HA-
YeHde A QOPMUPOBAHMA DYIOOCpasylmux @IoOHIHHX CACTEeM IPeHHpYRmEX
CTDYKTYp, B YACTHOCTH IJyGOKO NMPOHUKAKIKX DA3JIOMOB X PErH0HANEHRX
N18CTOB-KOJUIEKTOpOB. [HoMyueHHHE KOJUIECTBEHHHE O[eHKH NOKA3HBAWT,
yTO cTENeHs CTPYKTYpHO OCYCJOBJEHHOI'0 I'EINPONMHAMHYECKOTO COCpPenoTo-
gyeuns ("goxycupoBaHua") DOTOKA MOKET INOCTHraTh COTeH, THCAY B donee
pas.

UDIN N.I., BOROVSKAYA I.S., Institute of Lithosphere of the USSR
Academy of Sciences, Moscow ,USSR

CARBONACEOUS-PHOSPHATE DEPOSITS AND THEIR EVOLUTION

Carbonaceous-phosphate rock sequences are the characteristic part

of many phosphate basins of the world. Carbonaceous-phosphate depo-
8its can be observed in AR . ?R1. B Vs Pz1 ,3° The detail study of
carbonaceous-shale rocks of PR1 of the KMA gave the opportunity to
distinguish lithological-facial types of sections. Each of them
is characterized by different composition, content in them of C
metasomatic tranaformation of component rocks, texture features
and also in character of phosphate mineralization, the scales of

34

free



which are growing near the region of voleanic activity. These data
and also the information about other regions - the Kola peninsula,
Tuva, Podolia etc,prove the existance of specific Pre-Cambrian pho-
sphate basins, where the phosphates are closely connected with high
concentration of the products of life activity, As a result the
high carbonaceous type.appeareﬂ with the content of cfree up to 404
In PZ carbonaceous-shale rock sequences are the part (or their fa-
cial analogues) of the biggest phosphate basins of the world- Hub-
sugulskoye, Karatau, Georgina, Fhospharia, In the process of evolu-
tion of the lithosphere the tectonic position of these deposits is
changing from protoplatform in PH1 to geosyncline in R, V, E (Al-
tai-Saiansky basin), myogeosyncline in E (Karatsu Basin) and plat-
form in E2.3 (Georgina) and in P (Phosphoria). Each phase of carbo-
naceous-phosphate accumulation is characterized by the different
complex of ore elements: for Early Proterozoic end Riphean-Cambri-
an - the association of P with Mn and Fe. Egsential changes in the
time end character of dispersed carboniceocus substance from saprope-
lic or bacterial in ancient phosphate basins to mainly humie in Pq;
the degree of its graphitization and bituminosity, and the composi-
tion of elements are also different.

OIMH H.¥.,BCPCBCKAA U.C. VHcTmTyT Jntocheps Awagemum Hayw CCCP,
- r.Mocksa, CCCP

JTIEPOMMCTO~¢OCOPATOHOCHWE OTIOKEHAA MMPOTEPO30A W UX 380I0IMA

B0 uHOr#X ocHOPMTOHOCHNX GaccefHaX MuDpa yINepOAMCTO-CHSHUSEHE M
(ochsToHoCHNe TOMNM HAXOZATCA B N8PATERETHYECKOW accoUWamuu.yTiepo-
AuCTO~POCHaTOHOCHHE OTNOKEHMA HAOIOABWICA B apXee, DaHHEM NPOTEpO30e
pudee, BeHAE, pBHHEM W NO3JHEM mNazeozce, JeTanbHOe W3YuYeHUe yraepo-
AuCTO~HocHaTOROCHO! TONMM HMXREro npoTeposof KMA NO3BOINIO BHAENUTH
IaTonoro-penuensHbe TUMNH P883pesoB, B pa3HOfl Mepe yAaneHHHe OT 0Gaac-
TH CHHXDPOHHOI'O SKTUBHOTO BYAK3HWU3M8. KaRINA U3 HUX OTIWYSETCH CBO=
600pasueM selieCTEEHHOIO COCTaBa ¥ METACOMATHYECKHX Npeospas3osgHuil
CI8Ta0WKX MOPOA, TEKCTYDPHHMU OCOGEHHOCTAMW, COZEDKSHWAMM B HUX CBO=
Gomuoro yranepoas, 8 TBKEe Xapakrepod gocdaTHOU MuHEepaNMBaLMM, Mac-
OTB0HOCTH KOTODOW ys8AUUYWsaeTCH BOJIM3WM OONACTH BYJIKAHWYECKOA Aea-
TeaAsHoCcTH. TeKCTYPH MOPOA QOCYOPUTOHOCHNX UHTEPB3JIOE Pas3pe30B CBH-
ASTENBCTBYNT 0 PODMMPOBAEMM MX B YCIOBUAX NOBHmWEHHON ceifcMuyecxoi
8KTUBHOCTH, CBA33HHO# ¢ GAWBOCTHO OOGNACTH CWHXDOHHOTO BYIKaBM3Ma.
Bce aru nauEne, @ Takke MaTEpUalW MO ADYTMM paltonaM - KonbcxoMmy mo-
nyocrposy, Tyse, [ozonum u Ap.- CBUAETEABCTBYNT O CYyWeCTBOBaHUM CBOE-
00pasHux mpoTepo3oickux PochopuroHocHHX GacceitnoB, rze HochopuTu
TECHO CBA33HW C BHCOKMMY COZEDX3HMAMM NPOZYKTOB XW3HEAEATENBHOCTH,
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CISACTBHEM YEro SBAAETCH NOABIEHWE BHCOKOYIAGPOAMUCTOrO THUNA C cCOAep-
EOHMEN CBOGOZHOTO yraepofs zo 40%. B nazneosoe yIMepoAMCTO-CHaHIEBHE
TONmMM BXOAAT B COCT8B Qoccepudd (WaM ABIANTCA ¥X PaUMBIBHHMM SHSIO-
rauu) Kpyneeiimux PochopurorocHux Gaccelinor mupa - XyGeyryaeckoro,
Kaparayckoro, ®ocopuu. B mpouecce aBOANUMM JUTOCHEDH MEHAETCA Ieo=
TEKTOHMYECKAA MO3ULMA BTUX OTIOXEHUN - OT mpoTonuaTHOPMEHHHX B DPaH-
HEM NMpPOTepO30e K I'eOCHHKIMHANBENM B pufee, BeHAe, KeMGpum (Anrse-
Canunckult dacceitn ),‘HHOPGOGHHKHEHGJBHHH B KEMODHR (Kaparaycxun,
Xyoeyrynbckuil GaccefiHN ) u MusTQOPMEHHWM B CpPeZHEM, MO3ZHEM KeMO-
pur ( LEOpAXMHA ) u B nepun ( ®ocpopus ). KaxzoMy aramy yriepoxucro-
GochaToHOCHOTrO HAKOMIEGHUN cBOlicTBeHeH ompezeleHHWil maparenes gocdo-
P8 ¢ DYAHuMM 3JIeMEHTAMU: 1A HAXHempTeposofickoro w pudeicko-Kems-
puiiCKOTO  C EeNe30M ¥ MapraHIeM,

CymecTBeHHN UBMEHEHWA BO BDGMEHM ¥ B CAMOM XapaKTepe pac-
CEeAHHOr'0 yrAepPOAMCTOr0 BEMECTBE — OT CANpONENeBOT0 WIX GaKTepUalb-
HOT'O B APEeBHMX (OCCEPHAX K MPEHMYNECTBEHHO I'YMYCOBHM B BepXHENANeO-
30HCKMX; PA3NMYHH CTENeHb ero rpafuTMaanuM ¥ CHTYMUHOSHOCTH, 8 TSK—
Xe aneMeHTapHHil cocras.

VOLVOVSKY I.S., Institute of Physics of the Sarth of the USSR Academy
of Sciences, Moscow; VOLVOVSXY B.S., Soviet Gzophysical Committee of
the USSR Acadewy of Sciences, Moscow, USSR

"GRANITELESS" DEPRESSIONS ARE THE LARGEST OIL-GAS BEARING BASINS

The deepest sedimentary depressions can be divided by
crustal structure into two types from the evidence of data of
geophysical research on continents and on their periphery, In
some of them (Caspian) the bottom of the Earth crust, i.e.,
the Mohorovicic boundary, is relatively lifted, in others
(Ferghana) it lies much lower. The thickness of the crust under
depressions of the firast type is not more than 20-30 km; under
depressions of the second type the Mohorovicic boundary subsides to
45-50 km, The thickness and composition of the consolidated crust
of these depressions are essentially different: in the former the
thickness of the consolidated crust does not exceed 8-12 km and
the "granite" layer in it is much thinner or absent; in the latter
the consolidated crust is represented by both layers with normal
thickness. This means that depressiome of the first type are
characterised by reverse relation of topographical features of the
surface of the consolidated crust and the Mohorovicic boundary
and by reverse dependences between the thicknesses of the sedi-
mentary and "granite" layers. This crustal structure is apparently
typical of the subsidences with terminated development, On the
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contrary, depressions which are still growing are characterised by
conform deposition of the surface and bottom of the consolidated
crust. Depressione of the first type, independently of the time
of their formation and of their structural type, have many
common features in their evolution. Their appearance is the resul:
of endogenous subcrustal processes of one type. In most of them
4ndustrial oil-gas fields have been prospected (Dnieper-Donetsk,
Mexican). Therefore, the distribution of zones of regional con-
centration of hydrocarbonates is associated not only with surface
tectonic conditions, but with the thickness and composition of
the consolidated crust as well.

BOJEBOBCKVR W.C., VacTuTyr fuswky Semam Axazemur Hayk CCCP,r.Mockma;
BOJEBOBCKH!: B.C., MexayBenoMcTBeHHH! Iecpmamyeckufi KOMETeT AKaXeMAH
mayx CCCP, r.Mocksa, CCCP

"EESTPAHWUTHHE" BIAIVHH - KPYIHE/MME HESTETAS0OHOCHHE BACCEMHH

TeofsraecKAMy MCCIENOBAHAAMY BHYTDY KOHTWHEHTOB ¥ IO UX IIepHpepHH
BHIEJEHH Taydodafiive CeJVUMEHTAIMOHHHE BOATWHH, KOTODHE O CTPYKTYpe
seMHO#f KOpH MOTYT OHTEH pasmeleHH Ha IBa THna. B omuEx (lpwracmmiickas)
HONONBA 3eMHOX KODH — Ipammma MOXODOBEUNYA-OTHOCHTENEBHO HPEIONHATA,
B JpyrEx (PepraEckad) — pesSKO NOTPyXeHA. MOWHOCTE: KOPH IOX BUSWHAME
mepeoro TEma He mpepwmaer 20-30 KM, IOJ BOAIWHAMA BTODOrO THOA I'pa-
HEDA Moxoposmumda mporHyra n0 45-50 KM. CymecTBEHHO DABJIMYHH MONHOCTE
¥ COCTAB EOHCOMMIMDOBAHHOK KODH STHWX BINANMH: B NEeDBHX TOJNMHA KOHCO-
JEIEpOBaHHOR KODH He mpepHmaeT 8-I2 KM, B ee COCTABE CHIBHO YTOHEH
HIM BoOOmE OTCYTCTEYeT "rpammTHHE" cioff, BO BTOpHX KOHCOJMIMPOBAHHAT
KOpa mpeicTARIeHA OCOEMYE CJOAME HODMAIbHOM MOWHOCTH. T.e. JIA BUATHEH
OepBOT'0 THNA XapaKTepPHH o0paTHOe COOTHOMeHHe (opM pelbea MOBEpXHOC-
TH EOHCOUHIEpOBAHHOX KODH ¥ TpaHMuu MOXOpopwdmYa ¥ OCDATHHE 3ABHCH-
MOCTH MOXNYy MOWNHOCTAME OCANOYHOTO ¥ "I'paHMTHOrO" cJoeB. Tarad CTPYK-
Typa SeMmHO# KODH, NO-BEINEMOMY, XapakTepHa IAA NPOIECOB, ODEKPATHBIEX
CBOE@ paseETEe. HaoGOpoT, npormGH, OPONONXANEME DACTH, XapaKTepH3ynT-
CA COTZACHHM 3afeTaH¥eM IOBEDXHOCTY ¥ IONOMBH KOHCOMMIMPOBAHHOX KODH.
Boaqwen mepeoro TEma, BHe BARMCEMOCTE OT BDEMEEH X 3ai0XeHWA ¥ CTDYE-
TypHO# NpEEALIEXHOCTE, OGNANADT CXONHHME YepTaMy DasBHTHA, WX BOSHE-
KHOBeHWe ABIASTCA DESYJBTATOM ONHOTHIHHX SHNOI'e@HHHX MONKODOBHX IIPO—
feccoB. B CoapuMHCTBE K3 HHX YCTAHOBJIEHA NPOMHEIUVIEHHAA HedrerasoHOC-
HOCTE (JImempoBcko-JoHemkas, Mexcukanckaa), TaxwM o0pasoM, pasMmemeHHE
S0H DerHOHANBHO! KOHIEHTpAlME yTAeBOLOPONOB CBA3AHO HE TOJBKO C HO-
BEDXHOCTHHME TEKTOHZYECKUME YCJOBHAME, HO B C MONHOCTED H COCTABOM
KOHCOMHEIpOBaHHO# KOpH.
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WATTS A.B. K THORNE J. and STECKLER M.S. Lamont-Dohertyv Geological
Observatory of Columbia University, Palisades, New York ,USA

DETERMINATION OF EUSTATIC SEA LEVEL CHANGES IN SEDIMENTARY BASINS

The record of transgressions and regressions in sedimentary basins
throughout the world should provide, if detailed stratigraphic cor-
relations can be made, a means of determining a global eustatic sea-
level age curve. The derivation of such a curve requires the develop-
ment of gquantitative basin analysis techniques capable of distingui-
shing the relative control of tectonic and eustatic factors on the
preserved stratigraphic record. We discuss a variety of techniques
currently in use for one and multi-dimensional analysis of basin sub-
sidence involving analytical, numerical, grapﬁical and statistical
approaches. It is shown that only through the use of different methods
in combination, applied to a variety of tectonic settings can a global
sea-level curve be approximated. Preliminary sea-level age curves are
presented based on an ongoing study of passive margin and interior
basin subsidence. Comparison of our results with previous work allows
us to examine 1) the ause of the Vail et al. (1977) curve as a tool of
stratigraphic correlation 2) the geological basis for sudden large
amplitude sea-level changes and 3) possible causes for long term
changes in the volume of the ocean basins.

YANSHIN A.L., Academy of Sciences of the USSR, Moscow; EKIRYUKHIN L.G.,
GOLOV A.A., EAPUSTIN I.N., SAMODUROV V.I., All-Union Geological 0Oil
Prospecting Research Institute, Moscow; VOILCHEGURSKY L.F.,Geological
Production Association "Aerogeologia",Moscow; UTEGALIEV S.U.,Kazakh
Petroleum Reseach Geological Prospecting Institute, USSR

PRECASPIAN DEPRESSION - THE GREATEST SEDIMENTARY BASIN OF THE WORLD

The Precaspian depression is the greatest global sedimentary basin.
It covers more than 500,000 sq km, thickness of the sedimentary sec-
tion.in its central part is 20 to 23 km. This depression has a sub-
oceanic type of the crust: geophysical "granite layer" is absent in
the central area. Two major structural megaunits have been distin-
guished within the sedimentaty section. The lower unit, a pre-plate,
appears to consist of Riphean and Vendian terrigenous and carbonate
rocks which have a rather high density and deformation; their thick-
ness is as much as 7 to 10 km, according to geephysical data. The
plate megaunit comprises Paleozoic subsalt sediments, soliferous
Eungurian and Upper Permian-Cenozoic above-salt strate. The subsalt
unit within the margins of the depression is composed of alternating
carbonate (300 to 1700 m thick) and terrigenous (50 to 500 m) strate.
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Inward the basin, the carbonate deposits are displaced by thin
(thickness is limited by tens and a few hundred meters) argillo-
carbonate siliceous rocks. Therefore, the thickness of the Paleozoic
subsalt sediments on the flanks of the depression exceds their thick-
ness in the central pérts. The carbonate rocks form large teccono-
sedimentary structures: barrier reefs, both relatively subtle and
rugged "carbonate platforms" and single, sometimes high-amplitude
reef pinnancles.

Geologic history includes the following stages: aulacogenic or rift
stage (Riphean-Vendian, 1000 m.y. duration), epicontinental stage
(Early Paleozoic-Early Middle-Devonian, about 200 m.y.), basinal
stage (Middle PFransian-Artinskian, 125 m.y.), compensation stage
(Eungurian, 10 m.y.), and salt-dome stage (Late Permian-Quarternary,
260 m.y.). The above noted features of structure and development of
the Precaspian depression consider it to be highly promising for oil
and gas.

AHIMH A.IL.,Axanemus wayx CCCP, r.Mocksa; HMPOXMH J.I'., T'OJOB A.A.,
HAIYCTVH U.H., CAMOIYPOB B.M., Bcecowsuuff HayuHo-HCClenOBaTelbCKMi
reoyoropassenounuil Hedranolt uneruTyT, r.Mockea; BOJMETYPCHVA JI.&.,
TlponsBojCcTBEHHOE Teojoryueckoe obnemuHenue "Asporeomorus”, r.Mocksa;
YTETAJMEB C.Y., Haszaxcruit HayuHO-MCCNENOBATEAbCKUI I'€0JIOTOpasBenoy-
Huli HedraHolt mHcTMTYT, r.lypbes, CCCP

NPYMKACIIEACKAS BIAJMHA - KPYIHESUMA OCAZOUHH? BACCEMH 3EMIM

Npukacnuiickas BnaguHa NpencTaBiAeT coGOi kpymHehumi ocagouHmt Gac-
cefin 3emm. Ero miomage Gonee 500 The.KM, MONHOCTB OCBJOUHOTO WEX-
I8 B UEeHTpanbHO# uactH  20-23 sz. BriaguHa XapakTepusyeTca cybokea-
HWUECKHM THIIOM 3eMHOR KODH —- B €€ LEHTDAJBHOA YACTH OTCYTCTEYET reo-
(usuuecknit "rpanuTHHR cioi". B paspese ocamouHOr0o uexia BrNAJWHH BH-
JeNseTCA [B& KDYTIHHX CTPYKTYDHHX MErakoMuiexca. Humuudl u3 wux - mo-
IUTHTHHI METraKOMILIEKC ,~ O-BUIMMOMY , CJIOKEH TepPUIeHHHMH ¥ KapOOHATHH-
MU nopozamii pudes ¥ BeHpa, OGIANANIMMM TMOBHIEHHOH MAOTHOCTBO H HUCAO-
UMPOBEHHOCTED, WX MOEHOCTH mO reofwsuueckmy panHeM 7-10 ww. Tmirwsi
MEraKOMIIeKC OXBATHBAET II0[COJIeBHE NaleC30/CKHE OTIOREHWA, COJNEHOC-
HHEe TIOPOfH KYHTYPCKOrO sipyca M HA[CONeByl BepXHenepMckyo - KaltHosoiic-
¥yo Toimy. llofconeBoit KoMJeKC B GOPTOBHX 30HAX BIANMHH CIOREH Uepe-
Lyomsmucs B paspese rapSoHarHry (Momuocts 300-I700 M) M TeppHIeHHHMH
(50-500 M) rommamm. KapGoxaTine OTJIOREHHA K LEHTDANBHNM DafOHAEM Bra-
IMHH 38MemanTCs MANOMOmHEMM (NecATHKH W MEepBHe COTHH MeTpPOB) TJIMHMCTO-
KapOoHATHO-KPEMHMCTHMH Toponamu, [losToMy MomHOCTH majeo3o#cKMX MOpCcO-
JIEBHX OTJIOReHM! B GOPTOBHX 30HAX BNAJMHH NPEBHNAST MX MOMHOCTL B IEH-
TpankHO! uacTH. HapfonaThse nopofH o6pasyoT KPYNHHE TEKTOHO-CeMeH-
TalMOHHHE CTPYKTYDH: Gapbepuue pHfn, xaX OTHOCHTENBHO ILIOCKHe, T&K M
Pacunenenrne "xepSonarrue naaTdopMs” ¥ OIMHOUHHE WHOTZE BHCOXOBMNIA-

' TYmsme pujopHe MaccupN (nMHARTH). 39



B reonornueckom paseutuu [Ipuractnmiickofl BNAIMHE BHIEIAOTCA CJlEIY0-
mMe STANMM: ABNAKOTEHHHH win pudroswit (pudeit-BeHn nPONOIKUTENBHOCTED
1000 miH,.neT), SNMKOHTHHeHTANbHMH (paHHuit naneosoit -paHHWi-cpenHmit
neBoH, xono 200 wiH.nxer), rayGoxosommuit (cpemHedpaHcro-apTHHCKHA,
125 wm.ner), xomneHcauyonss#t (kywryp, I0 miH.zrer), coasHOKYmOMbHEM
(noapHenepmcko-ueTBeprvurnit, 260 wmy.net). OrMmeueHHse 0COGEHHOCTH

CTPOBHHA M DASBUTHA BNAUMHH NMpENONpeNe’fAlT BHCOKWe TIEPCNeKTHBH ee
HefrerasoHoCHOCTH.

CHMOO3RYM/)SYMPOSITOM L.02

THXOOKEAHCKOE CKJIAOYATOE KOJbLO H 3BOJOLMA THXOOKEAHCKOI'C
BACCEHHA

CIRCUM-PACIFIC OROGENIC BELTS AND EVOLUTION OF THE PACIFIC
OCEAN BASIN

Conveners: J.Monger, Yu.A.Kosygin, S.M.Tilman

BAN-AVRAHAM ZVI, Dept. of Geophysics and Planetary Sciences, Tel
Aviv, Israel and Dept. of Geophysics, Stanford University, Stan-
ford, California, USA; AMOS NUR, Dept. of Geophysics, Stanford
University, Stanford, USA

OCEANIC PLATEAUS, DISPLACED TERRANES AND OROGENY

Numerous oceanic rises are embedded in the earth's oceanic plates and are fated
to be consumed at active margins in the future. These rises, or plateaus,

are mid plate features of various origins. Included are extinct arcs, extinct
spreading ridges, detached and submerged continental fragments, oceanic island
and seamounts including hotspot tracks. Some of these buoyant rises are
presently being consumed, causing gaps in sctive volcanic chains, disordering
the normal seismic pattern associated with subduction of oceanic crust, emplacing
ophiolites, and possible creating marginal seas. Some past oceandc plateaus
have become accreted terranes now found in ancient active margins. They
consitute a large portion of the orogenic belts throughout the circum-Pacific
region. Similar accreted terranes have been also identified in older

orogenic belts. In the circum-Pacific the accretion of the terranes involve
extensive orogenic deformation, usually without full continent-tontinent
collision. Many terranes have been accreted with substantial deformation also
in the Alpine chain, well before major continent-continent collision. It is
suggested, therefore, that the accretion of fragments may be the common

process of the deformation phase of mountain building. Subduction of normal
oceanic crust may be Insufficient for deformation, whereas full continent-
continent collision may not be necessary.
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CONEY PETER J., Laboratory of Geotectonics, Department of Geosciences, University
of Arizona, Tucson, Arizona, U S A

ACCRETIONARY AND INTRAPLATE TECTONICS IN THE EVOLUTION OF THE NORTH AMERICAN
CORDILLERA

Although up to 70X of the North American Cordillera is now known to be composed of
suspect terranes neither subduction driven Andean nor Himalayan collision models
adequately explain the complexity observed.

In most cases the suspect terranes are in stacks of rootless nappes or imbricate
slices completely detached from any known basement or original lithosphere. Many
terranes are either surrounded or embedded in a deformed matrix of deep marine
flysch. Many terrane boundaries are major strike-slip faults with hundreds of
kilometers of displacement. Rotations about vertical axes are not uncommon. On
the Cordilleran cratonic foreland thin-skinned telescoping and deep-seated crustal
thrust faults are widespread.

The majority of the vast telescoping, translations, and rotations took place
between Middle Jurassic and Early Tertiary time, but continue in some sectors to
the present time. Collisions must have taken place, but they were short~lived

and did not produce the deformation observed. Most of the deformation, both
within the suspect terranes and on the foreland is the result of prolonged post-
collision accretionary intraplate consolidation which must have absorbed a signifi-
cant percentage of the convergent relative motion between various "Pacific" plates
and North America.

ENGEBRETSON D.C., Department of Geology, Western Washington Uni-
versity, Bellingham, Vashington; COX A. and DEBICHZ M., Depart-—
ment of Geophysice, Stanford University, Stanford, Californiaj;
GORDON. R. and HENDERSON L., Department of Geological Sciences,
Northwestern University, Evanston, Illinois, USA

PACIFIC BASIN PLATE MOTIONS, RECONSTRUCTIONS, AND THE DISPLACEMENT OF TERRANES
SINCE THE JURASSIC

Available models for the displacement histories between oceanic and continental
plates of the Pacific Basin are examined for possible correlations with a variety
of geological observations. Some of the important elements derived from analyses

:flghese displacement models for use in comparison with the geological record
ollow.

(1) Reconstructions of the plates at selected times are shown depictina obser-
vable and proposed boundaries between the North American, Eurasian, Pacific,
Farallon, Kula, Izanagi, and Phoenix plates. These reconstructions include
the times and locations of major plate reorganizations and the migrations of
important triple junctions.

(2) Examples are presented that show the effectiveness of the known plates for
providing a means for the origin, travel history, and accretion of alloch-
thonous terranes. Relationships between travel histories of terranes and
their paleomagnetic record are outlined.

(3) Relative linear velocities are shown as diagrams that depict the azimuth and
speed of plates as a function of time at selected points around the Pacific
margin. Significant changes in linear velocities offer insights into the
michanisn: that coptrol the diversity of tectonic styles found in the geolo-
gic record.

(4) The age and bathymetric features of portions of now-consumed oceanic plates
are predicted. Bathymetric features result from differences in age across
fracture zones and from the development of volcanic edifices associated with
the motion of the plates over hotspots.
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HERVE F., DAVIDSON J., MPODOZIS C., RAPELA C., RAMOS V.,
RIVANO 8., GODOY E., Chile

A GENERAL VIEW ON THE CHILEAN - ARGENTINIAN ANDES

The Andes are generally thought as a young mountain belt associated to
eastward subduction of the Nazca or prexisting oceanic plates beneath
the Bouth American plate. However, the Meso-cenozoic Andes are built
over a highly complex basement which spans in time from Precambrian
to Triassic. Collision of continental blocks might have occurred in the
early Palaeozoic in northern and central Argentina and Chile. A well
defined Late Palaeozoic subduction complex is present along the coas-
tal ranges Bouth of 30° lat. This is associated to a Carboniferous to
Permian pluto-volcanic belt and related marine basins constructed in-
board the EW Gondwana continental margin., Paired metamorphic belts
with occasional blueschists were developped during the accretion
processes. The Meso-cenozoic history is mainly one of pluto-volcanic
"aceretion" via episodic build ups of narrow, linear, North-South
trending, calcalkaline magmatic belts. Those of the Jurassic to

Early Cretaceous are related to intra-arc and back-arc ensialic

basins which, in southernmost Andes evolved into short lived marginal
basin, floored by an oceanic type crust. No subduction complexes of
Meso-cenozoic age appear to outcrop subaerially.

Iongitudinal changes in the stratigraphy and tectonics along the belt
are beginning to be established.They reflect a complex interaction of
the coverging palaeoplates which has a present day expression in the
volcanic and tectonic,K segmentation of the Andes. The huge Late Tertia-
ry to Kecent volcanic deposits testify the widespread partial melting
of subcontinental mantle under the action of the subducting Nazca
plate which has maybe scraped off tectonically parts of the Meso-
cenozoic fore-arc assemblages. The existance of megafaults, roughtly
parallel to the continental margin, one of which is associated to the
subducting Chile rises or ridges have been consumed earlier in the
geological history of the Andean chain.

MOWELL DAVID G., and JONES DAVID L., United States Geologlical Survey, Menlo Park,
California, U S A

CIKCUM-PACIFIC TECTONOSTRATIGRAPHIC-TERRANE ANALYSES AND THE GROWTH OF CONTINENTS

Since the Paleozoic, the geologic evolution of the continents surrounding the proto-
pPacific (=Panthalassa) and modern Pacific basin has been affected by rifting and
dispersal of allochthonous terranes, many from equatorial paleolatitudes. Fragments
of these rifted terranes are now found plastered onto continental margins around
much of the rim of the Pacific basin. The terranes are composed of a wide variety of
geologic materials, including scraps of island arcs, seamounts, ocean basins, conti~
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nental rise prisms, and fragments of continents. The continental fragments are
themselves composed of a collage of terranes amalgamated during the Proterozoic and
(or) Palegzoic time.

Continental growth by accretion is a global phenomenon, resulting from processes of
crustal spreading at ocean ridges and subduction along continental margins. The
nearly 60,000 km of ridges, if spreading at 5 cm/yr, would create a surface equal to
all the modetn oceans in 120 m y- Assuming similar plate-tectonic rates throughout
the phanerozd;c. four modern-size world oceans have been subducted, all accompanied
by accretion of allochthonous terranes along continental margins. Furthermore,
pased on the breadth and composition of Proterozoic fold belts (=ancient continental
margins), this process has been controlling the growth and shape of continents since
the Archean.

MEGARD Francois, Centre Geologique et Geophysique, Univ. Sciences Techniques
Languedoc, Montpellier, France

GEOLOGICAL EVOLUTION OF THE NORTHERN AND CENTRAL ANDES BETWEEN THE CARIBBEAN SEA
AND 18°S

The several segments of the Andes may be subdivided on the basis of their
Mesozoic and early Tertiary evolutions and particularly on the basis of the
presence or absence of ophiolitic sutures of this age. Later evolution was
similar along most of the Andean orogen. It gave rise both to the main linear
physiographic features and to its typical Cenozoic volcanic belts.

The northern Andes s.s. are limited on the north by the northern Sierra de
Santa Marta - Barquisimeto WNW-ESE trending thrust-belt, along which the
Caribbean belt overrides the structural units of the Central and Eastern
Cordilleras of Colombia and of the Merida Andes of Venezuela, and (ii) on the
south by the 3°S parallel. The internal, i.e. western, structural units of the
northern Andes consist largely of Mesozoic rocks that are: (1) volcanic rocks of
tholeifitic to calcalkaline composition locally associated with gabbros and
peridotites and (i1) highly siliceous and flysch-type sedimentary rocke. These
units are mainly exposed in the Western Cordilleras of Colombia and Ecuador and
in an allochtonous westernmost strip of the Central Cordillera of Colombia. They
most probably represent slices of island arcs and of intervening oceanic crust
that have been accreted.to the continent between the Albian and early Tertiary.
In sharp contrast with the above units, the external, i.e. eastern, units of the
northern Andes were entirely deposited upon continental crust. They consist
mainly of continental and shallow marine sedimentary rocks of Mesozoic and
Tertiary age with an aggregate thickness of as much as 9 km, that are partly
interspersed with calcalkaline volcanic rocks. Much of the shortening and
metamorphism of the central Cordillera of Colombia and of the eastern (or Real)
Cordillera of Ecuador was probably caused by the accretion of the western units.

South of 3°S the ,central Andes probably provide the best example of a
"liminal” belt built on the edge of a continent, but entirely upon sicilic crust,
by processes related to subduction of oceanic lithosphere. The typical
paleogeographic setting during the Mesozolc was one of elongated basins and
intervening highs parallel both to the present trend of the Andes and to a
subduction zone active since the lower Jurassic. During the Cretaceous, as much
a8 12 km of marine sediments and subduction related volcanics were deposited
within the western or "Andean" basin of central Peru which was floored by the
thinned crust. In the eastern or "Subandean” basin as much as 10 km of
conformable/disconformable sediments ranging from lower Paleozoic to Pliocene in
age accumulated. The period of Andean tectogenesis began in the Albian. It
comprises at least five discrete phases of compression; on the whole, strain
migrated progressively from west to east. Pulses of compression are related to
changes in both the rate of convergence and dip of the subduction zone. They
8ave rise to simple concentric folds and to steep thrusts, and also to fold and
thrust belts. The most recent phase is late Neogene in age. It created the
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subandean fold and thrust belts of Peru and Bolivia and extended farther north in
Ecuador and Colombia, where it gave rise to the basement-cored folded and
upthrust block of the Eastern Cordillera.

In the central Andes the main igneous pulses are Cretaceous, Paleocene, late
Eocene - early Oligecene, early Miocene and late Miocene in age. The large
linear coastal batholith of Peru was emplaced between 100 and 32 m.y.

MONGER JAMES W.H., Geological Survey of Canada, Vancouver Canada

EVIDENCE FOR LARGE-SCALE HORIZONTAL OISPLACEMENTS WITHIN THE NORTH AMERICAN
CORDILLERA

Two-thirds of the Cordillera consists of lithospheric fragments or terranes, that
originated mainly as ensimatic volcanic arcs and ocean basin deposits, and came to
their present positions in the continental margin mostly in latest Mesozoic time.
Many terranes carry paleontological and paleomagnetic records different from those
of other terranes and from rocks depesited along the ancient continental margin.
These records indicate south to north displacements in excess of 1000 xm relative
to cratonic North America, generally with eastern terranes displaced the least.
East-west displacements are not as weil documented, but are most clearly demonstrat-
ed in the northern Cordillera by a terrane containing Permian faunas similar to
those in strata bordering the western Pacific and in the Alpine-Himalayan mountain
chains, but completely different from those in flanking terranes which have
affinities with coeval North American faunas. Offsets of geological markers across
fault zones record the latest displacements. Compressional structures demonstrate
a few hundred of kilometres of east-west shortening, but south to north dextral
transcurrent faults have cumulative displacements, probably mainly post-Middie
Cretaceous, well in excess of 1000 km, in good agreement with the paleontological
and paleomagnetic records.

PRICE RAYMOND A., Geological Survey of Canada, Ottawa,Canada

EOCENE HORIZONTAL STRETCHING AND DUCTILE NECKING OR CONTINENTAL
LITHCSPHERE ASSOCIATED WITH TRANSFORM FAULTING WITHIN THE CANADIAN
CORDILLERA

The continental lithosphere beneath the North American Cordillera was
stretched, during Early and Middle Eocene time, within an area of
about 150,000 sq. km. in central British Columbia and northeastern
Washington. East-west extension was linked to slip on right-hand
transform faults, some of which overlap en echelon, It reflects the
clockwise rotation, relative to the North American plate, of smaller
plates of Cordilleran lithosphere that become partly coupled to ocea-
nic lithosphere lying outboard from North America. It was superimposed
upon older compressional deformation resulting from subduction, colli-
sion and tectonic accretion along the western margin of North America
during Mesozoic and Paleocene time. Analysis of geologic structures
and tectonic fabrics shows that stretching involved:

(1) inhomogeneous ductile necking, and the development of crustal-
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gcale \mega-boudins in a hot metamorphic infrastructure at middle to
lower e\rustnl levels;

(2) brittle deformation and listric normal faulting in a cold supras-
tructure at upper crustal levels;

(3) rapid tectonic denudation, with consequent abrupt thermal quench-
ing and :&brittlement of the metamorphic infrastructurej and

(4) the iﬁ)\tmsion of swarms of north-trending of dykes.

The metamorphic infrastructure moved outward and upward, along listrie
pormal faults, from the zomes of ductile necking. The unmetamorphased
sedimentary rock of the suprastructure, together with overlying clas-
tic sediments that accumulated in assymetric grabens during listric
normal faulting, were tilted as they moved downward along the curved,
concave-upward listric normal faults, toward the zones of crustal
necking. Granitic igneous rocks that were emplaced in the zone of
necking during stretching were deformed and cut by normal faults dur-
ing further stretching.

These relationships between listric normal faulting and inhomogeneous
ductile stretching of continental crust illustratd general principles
that are applicable to the analysis of the stretching of continental
lithosphere elsewhere,

PUSHCHAROVSKY Yu.M,,Geological Institute of the USSR Academy of
Sciences, Moscow, USSR

TECTONICS OF THE PACIFIC AREA

The problem of the Pacific Ocean is one of the most difficult in
tectonics. It became in the focus of attention due to the ideas of
G.Dervin, E.Suess, V.I., Vernadsky, H. Stille,N.S. Shatsky, B. Hizen.
In the USSR the studies of this problem are carried out in two di-
rections: regional-tectonic (in the ocean and its framework, and ge-
neral Pacific).The study of bedrocks of oceanic bottom and ophioli-
tes in the continental margin enabled us to compile the generalized
geological section of the Earth crust beneath the Pacific Ocean cha-
racterized by certain specific features in various structural forms
of the ocean floor. On the Pacific western periphery the oceanic
crust and the mature continental one are divided by a broad (some-
times up to some thousand kilometers) zone, where the formation of
the continental crust is still going on. The nearer the ocean, the
Younger the age of the granite-metamorphic layer, Correspondingly,
the continental crust proceeds at thé expense of tramnsformation of
the oceanic one. The tectonic piling plays an important role in this
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process. The geological history of the framework dates back to the
ancient times. The Sikhote-Alin' developed as a near-oceanic zone
since the beginning of Paleozoic. The history of the ocean in Paleo-
zoic has not been elucidated. The latest data on the Shirshov/ range
geology in the Bering Sea and Sakhalin allow us to consider f:he age
of the ocean as old as Triassic. There sppeer more and more /eviden-
ce testifying to the horizontal movement of tectonic slices inside
the oceanic crust and lithosphere in general. Correapondj.ng defor-
mations were revealed both in the central reglons of the ocean
(faults Clarion, Nova, Magellan) and in the margins (Tonga trench),
This process seems likely to be related to the thicloening of the
crust in Shatsky, Hess and Magelan Rises. Thereby, the tectonic pi~
ling of lithosphere slices is most probably a process proceeding
throughout the Earth. The elucidation of the essence of tectonic
and magmatic development of the oceanic lithosphere is associated
with distinguishing geochemically and petz"ochemically specific fea-
tures of large provinces in rocks of the 2nd and 3rd crust layera)
and thelr correlation to structural heterogeneities. In the USSR
the programme "ILithos" elaborates this problem.

IVIAPOBCKIH .M., Teosormuecknit wHerHTyT AH CCCP, r.Mocksa, CCCP
TEKTOHMKA THXOOKEAHCKO! OBIACTH 3EMIN

TrxooKeaHCKAA NpodieMa NpPHHALIEXHNT K YACHY HAHOOJee TDYOHEEX B TEKTO-
mwKe. Mucaw Ix.lapemma, 32.3occa, B.U.Bepaaacxoro, I.lrmire, H.C.lar-
cxoro, B.Xm3eHa npEnaim eif 0cOGEHHYD OCTDOTY.

B CCCP mccarenoBanMsa OPOBOIATCA B IBYX HANDABNEHAAX: PETHOHANEHO-TERTO-
HAYECKOM (B OReaHe W OCDAMIGHMH) B OOWETHXOOKEAQHCKOM. M3yueHEWe KOpeH-
HHX IOpOJ OKEAaHCKOTO NHA ¥ OfWOMATOB KOHTHHEHTANLHOR OKDAWHH MO3BOJH-
JIO COCTABHTE ofoCmeRHHE reosormueckufl paspes semHOR Kopw mon T
OReaHOM, MMEDIMM HEKOTODHE OCOOEHHOCTH B PaSHHX CTPYKTYpPHHX fopmax
OKeaHCKOT'0 JioXa. Ha zamanuoit mepwdepmw TEXoro OKeasa OKeaHmdecKad KO-
pa ¥ 3peJad MAaTepEROBaA paspmesiedH MADOKOE (MecTaM: M0 HeCKONBKEX TH-—
cAY EM) 30Ho#f, Tme 06pasoBaHWe KOHTHHEHTANBHOR KODH ODOHCXONET B HAC-
rTodmee Bpemd, YeM CiExe K OReaHy, TeM BOSDACT I'DAHETHO-METaMopimdscKo—
TO CJOA MOJOEe. COOTBETCTBEHHO KOHTHHEETANBHAA KOpA ofpasyeTcd sa
cueT IpeoGpAlORAHEA OKeAHMIECKOH. BaxHAd pOJB B BTOM OpOLECCE IPHHAN-
JeXAT TEKTOHAYECKOMYy CKyJEBAHWD. l'eosoTmdeckasd HCTODHEA OCpAMISOHEA BH-
ACHABTCA IO TAydoKo# NpeBHOCTE. CEXOTe-AJMHP DASBHBAJICA KAK NDPHOKES-
HEYECKAs 30HA ¢ EAdaNa maneosod. MoTopEd oxeane B MANE0308 HE DPACKDH-
7a, Hopelimie nameHe mo reoxorwm xpedra llmpmoBa B BepWHTOBGM MOpe X
CaxanwHa NO3BOJADT YAPeBHATH BOSpACT OKeaHa N0 TpEaca. llodpadercd Bce
onbme CEMAETEJNECTB I'OPHBOHTANBHOIO ARVEEHNA TEKTOHNYSCKNUX IIACTHH
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Bmpri" OKeaHNYeCKO# KOpH B JMTocdepy Boodme. CooTBeTCTByDUMe NedopMa—
eHH KAK B NEHTDATRHEX pafioHax okeana (paamomu Kiapwon, Ho-
pa, Maremrama), Tak ¥ Ha oKpawWax (®emod Torra). BepoATHO,C TaKWM
IPOLIeCCOM CBABAHO yTOJIWERWe KODH B mOmrATEAX larckoro, Xecca H Maren-
nafa. Tem\caMHM TeKTOHHYeCKOe CKyIMBaHde JUTOUIACTHH-CKODee BCEro
mpoUece oomeseMHOH. PacKpHTHE CYWECTBA TEKTOHAIECKOTO H MATMATHIeGKO—
ro pasBUTEA OKeaHCKoll JuTocHEpH CBA3AHO ¢ 0GOCOGMEHWEM CIEIMIrdeCKIX
XDYTHHX TPOBEHINME MO TeOXEMIYECKAM ¥ MeTPOXMMPYECKEM IDHSHAKAM B NO-
pojax 2-To ¥ 3-TO CJOeB KOPH ¥ CONOCTARNEHNA ¥X CO CTDPYKTYPHHME HE—
omEOponHOCTAME. B CCCP aTOMy cay=uT mporpamma "lwmroc”.

SCHEIBNER EERWIN, CGeol. Survey of N.S.W., Sydney, Australia

TECTONIC DEVELOPMENT OF FASTERN AUSTRALIA IN RELATION TO THE
PACIFIC REGION*

Eastern Australia is mainly built by the orogenic, composite, sub-
stantially Palaeozoic, Tasman Fold Belt System (Tasmanides), which
developed as part of the tectonically complex SW Pacific region.

Late Proterozoic sediments and volcanics of the Australian craton
indicate intraplate and passive plate margin setting. However, by
earliest Cambrian time a well developed west-Pacific type, active
plate margin existed in E. Australia. Hence, break-up, sea-floor
spreading coupled with separation and dispersal of microcontinents,
and possibly some plate convergence, must have occurred during pre-
Cambrian time. Subsequently these Precambrian complexes became the
basement to, and internal massives in, the Tasmanides.

Palaeozoic complexes indicate episodic rearrangement of the active
plate margin. Episcdes of orogeny were caused by changes in the
style of B-subduction (Mariana versus Chilean) and by collision of
microcontinents, volcanic arcs and other tectonostratigraphic
terranes. During orogenies extensional volcanic rifts, marginal
basins and other basins were closed and inverted. A-type granites
intruded volcanic piles in volcanic rifts. Synkinematic S-type
granites were emplaced in high-T metamorphic belts, late and post
kinematic S- and I- type granites intruded the inverted belts and
earlier stabilized blocks.

The Early Palaeozoic Kanmantoo Fold Belt resulted from collisional
movement of inner microcontinents. The development of the Lachlan
Fold Belt was complicated. During the Benambran Orogeny, (late
Ordovician to Early Silurian) the Molong Volcanic Arc collided with
the victorian microcontinent. The transmitted stress caused
easterly thrusting in the Kanmantoo Fold Belt and formation of the
Stawell-Bendigo Foreland Fold and Thrust Belt (Cox et al. 1983).

The Middle Devonian to Carboniferous Lachlan Fold Belt resulted from
closure of a complex back-arc area. The Permian to Middle Triassic
New England Fold Belt, displaying composite volecanic arc-fore-arc-
accretionary prism complexes was thrust westward over its foredeep
Sydney-Bowen Basin.

Mesozoic rifting, break-up and plate separation were clearly
connected with the SW Pacific active plate margin, orcogenic develop-
ment of which is still continuing.

*Published with permission of the Secretary, N.S5.W. Department of
Mineral Resources, Sydney.
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SCOTESE CHRISTOPHER R., Department of Geophysical Sciences, University
of Chicago, Chicago, USA f

EARLY PALEQOZOIC EVOLUTION OF THE CIRCUM-PACIFIC REGION

Though the Pacific plate is less than 200 million years old,/the Cir-
cum-Pacifis ocean basin (= Panthalassic ocean basin) has probably been
in existence since Precambrian times. During the Early Paleézoic. the
Tasman, Trans-Transantarctic and southern South American margins of
the Panthalassic ocean basin appear to have been the site jactive sub-
duction. This convergent system may have continued north }nto Southe-
ast Asia and China. In contrast, the western edge of cratonic North
America was a passive margin until Late Devonian times (Antler/Caribou
Orogeny).

The tectonic evolution of the Panthalasic ocean basin during the Early
and Middle Paleozoic can only be unraveled by reconstructing the con-
figuration of the continents along its perimeter. Paleomagnetic data
from the continents bordering Panthalassa will be reviewed, and a
series of reconstructions, complete with inferred Early Paleozoic
plate tectonic boundaries, will be presented.

SPﬁRLl K.B., Dept. of Geology, Univ. of Auckland, Auckland, New Zealand
OROGENIC DEVELOPMENT OF NEW ZEALAND

Three main orogenic periods, Tuhua (-400 to -360 my), Rangitata (-120 to -100my)
and Kaikoura (ca. 25my to present) govern the tectonic development of New Zealand.
There are no rocks older than 680my. Rocks affected by the Tuhua orogeny are
restricted to the "western foreland". Paleozoic strata have affinities with
southeastern Australia. Tuhua orogeny is marked by intrusion of the Karamea
batholiths. A complex, greywacke-dominated foreland lies to the east of the
foreland and records accretion of clastic wedges deposited on oceanic crust

and probably of some exotic terranes, in the Mesozoic, culminating in the
Rangitata Orogeny, with intrusion of granites into the western foreland.

Up to this time New Zealand was part of Gondwana, but after protracted rifting
in the Cretaceous separated from the supercontinent in the early Tertiary,
during opening of the Tasman Sea. The presently active plate boundary through
New Zealand was established with separation of Antarctica and Australia,
leading to increasing rate of convergence combined with dextral strike slip,
and formation of the calcalkaline Taupo Volcanic Zone.
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. M. ,North-Eastern Complex Research Institute of the Far East
Centre of the USSR Academy of Sciences,Magadan, USSR

TILMAN
Scientif

TECTONICS\ OF THE NORTH-WESTERN MARGINS OF THE PACIFIC

stern continental margin of the Pacific includes ‘the Wes-
tern and Eastern tectonic segments that have been finally isolated in
late Mesozoipc. Within the Western segment there are areas with conti-
pnental cmstq of different ages. The Eastern segment corresponds to
a recent geo*yncline belt, the continental crust is under formation
here. \

Diversity of structural forms in the Eastern Asia resulted from hete-
rogenous structure of the Preriphean substrate. The ungranitized
Preriphean granulite-basite crust occurs at the base of plates of
platforms, miogeosynclines and rift zones, while the granitized crust
. formed a socle of shields and median masses. Various types of the
Preriphean crust responded to the processes of subsequent destruction
differently.

The first active margins clearly appeared in the Devonian due to for-
mation of an ocean., Although ancient, the new Pacific paleoocean ori-
ginated due to scattered spreading, similar to the Far East marginal
geas of a destructive genesis., Removal of the sialic crust from the
area occupied by the newly formed Pacific basin was partly compensat-
ed by the piling up and thickening of rock slabs in the transitional
zones, while in the new ocean there periodically appeared microcon-
tinents whose areas are not outlined yet.

Accretion, destruction and ocean formation took place simultaneously.
These processes are correlated with each other and coinside with
global folding epochs.

In transitional zones the oceanic crust transformed into the continen-
tal one due to spreading out of the granite-metamorphic layer in space
and time. An embrionic granite layer can be recognized in the upper
part of the ophiolite association section.

Certain hypotheses on structure formation are considering; the concep-
tion proposed by A.V. Peive on tectonically stratified lithosphere
being preferable.

TWIEMAR C.M., CeBepo-BocTouHul KOMIIEKCHER HAyYHO-HCCJENOBATENb—~
ckmlt mmcrETyT JBHI AH CCCP, r., Maragau, CCCP

TEKTOHMKA CEBEPO-SAIAJHOIO OEPAMIEHMA THXOI'0 OKEAHA

CeBepo-3anajiHas KOHTHHEHTANbHAA OKpauEa THXOro OKeara OXBATHBAET
Sanamuutt ¥ BocTOuHHI TeXTOHHYECKHe CErMEHTH, OKOHYATeJbHOe odocodne-
HFe KOTODHX HPOM3OIIO B KOHIE Mes030i. B npemexax SananHoro cerMeH-
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Ta COCPeNOTOYEHH OGJAcTH C DAa3HOBO3PACTHON KOHTMHEHTANBHOH KOpPOH.
BocTOUHHE CeIMeHT OTBedYaeT COBDEMEHHOMY IeOCHHKIMHANBLHOMY NgACY ;
KOHTHMHEHTANLHAA KOpa 31eCh HAXOIMTCH B CTalMM (OPMKDOBAH'A.)

Paznoolpasme CTDYKTYPHHX POpM Ha BOCTOKE A3MM NDPeJIONPenENeHO I'e-
TEpPOreHHHM CTpOeHUeM XOophAbedcKoro cyscTpaTta. HerpaHuTuaupoRaHHad Io-
pudeickad I'DaHyJUT-0a3MTOBAA KOpa HAXOIMTCHA B OCHOBAHMN WIMT WaT-
¢opm, mMACreocHHKIMHANe# ¥ DEPTOBHX 30H, & IPAHUTMSKDPOBAHHAA 00paso-
Baja LOKOJNb LMATOB M CPEJMHHHX MACCUBOB. PasHHe Tunu noprpefckolt ROp
1I0-pasHOMy pearpoBaiy Ha NpOLecCH NOCIeNywmei necrpynuﬁn.

[leppHe aKTHWBHHE OKpauHH FACHO OOO3HAYWINCH B JEBOHE. JIx moABNeHKe
eCcThb CJelCTBHE OKeaHooOpasoBaHud. THxuil nareockead HOBOOODa3OBAHHHHA,
XOTH ¥ JIDEeBHMi, BOSHWK B De3yJbTATe DACCEAHHOTO CNpemEHra HONOCHO
JEeEHeBOCTOYHEM KDAEBHM MODAM UeCTDYKTMBHOIO IeHesMca. YIaneHme cHa-
JMYECKONl KOPH C IPOCTPAHCTBA, B3AHATOI'O HOBOOODA3OBAHHOE THXOOKeaHC -
Koil BNaIMHO}, YACTUYHO KOMIEHCHDOBAJOCEH CKyUMBAHHMEM ¥ YTOJIeHHeM
ILIACTHH TOPHHX IIOPOJ B NepexolHHX 30HaX, a B HOBOOODA3OBAHHOM OKeaHe
NepuoxMyYecKy NOABRIAIMCE MUKDOKOHTHHEHTH, IUIOWANM KOTODHX I[IOKA elfe He
OKOHTYPEeHH.

Axxpenys, IeCTPyKIMA ¥ OKeaHOOOPA30OBaHWe MDOUCXONAIA HOYTH ONHO-
BPEMEHHO : 0HM KOppeNMpYyNTCHA MeXIy coColl U coBOAmapT ¢ II0CABHHMA
3IO0XaMi CKJIamdaTocTH,

B nepeXxOUHHX 30HAX COBEDUANOCH CJIOKHOE Npeofpas’OoBaHEe OKeaHwvec-
KOR KOpH B KOHTHMHEHTANBHYW IIyTeM paspacTaHMd B HPOCTPAHCTBE ¥ BO Bpe-
M@HVM I'DEHUTHO-METAMODOUIECKOTO CJOA. IMGPMOHANEHHMA TPAHMTHHY cJoi
PACIO3HAGTCH B BepXHEHd YacTd paspesa ofuoJMTOBO# accolMalmd.

PaccmaTpuBawTcA HEHOTODHE I'HIOTE3H CTPYKTYPOOCpa30BaHMA; OTHAaeTCH
OpeIoYTeHne KOKIEUMH ‘TeXTOHUYEeCKOR PACCIOSHEOCTH JUTOCHEpH, cpop-
myJmposanHoi A.B.lleitze.

TUEZOV I.K., Institute of Tectonics and Geophysics of the Far Zast
Scientific Centre of the USSH Academy of Sciences, Khabarovsk, USSR

TECTONICS AND GEOLOGICAL NATURE OF NORTH -WESTERN SEGMENT OF THE WEST
PACIFIC ACTIVE MARGIR

According to dredging and deep sea drilling the basement projections
in Bering,Okhotsk and Japan Seas and in the North of Philippine Sea
are made up by metamorphosed sedimentary-volcanogenic, metamorphic
and intrusive geosyncline complexes having the age from 40-50 million
years (upper Paleogene) up to 2.3 billion years (Archean). They
reveal a great resemblance to the rocks of adjacent continental and
island lands. Sedimentary cap in Bering and Okhotsk Seas is made up
by Cenozoic sedimentary-volcanogenic weakly consolidated rocks with

50



thickness of 9-11 km. As to the tectonics, the above mentioned mar-
ginal seas are treated as neoplatforms with a cap, complicated by
structures of the type of arched uplifts, swells, depressioms, rifts.
It seems that Japanese, Ryukyu, Kuril-Kamchatka and Aleutian Island
arcs originated on continental basement, whereas Idzu-Bonin probably
on oceanic ome. Deep sea basins of marginal seas and deep sea tren-
ches are supérimposed structures. As geomorphclogical objects they
have originated like island arcs in late Cenozoic (upper Miocene-
Pliocene) and continue to form at present. Judging from the available
materials the geological nature of the North-Western sector of West
Pacific active margin seems to be a compound block mosaic, which
during its development as a transition zone continent - ocean had
undergone the vertical, horizontal and rotational displacements.

TYES0B U.K., VHCTETYT TEKTOHMKM M reOfH3MKM J[ATEHEBOCTOYHOI'C HAYYHOrO
menTtpa Akazemuy Hayk CCCP, r. XaGapoBck, cccp

 TEKTOHVKA M TEOJOI'YECKA] IMPHPONA CEBEPO-3AIAJHOIO CETMEHTA
SATIAIHC-TYXCOKEAHRCKO! AXTUEHON OKPAVEHH

Corsacro . JaHHHM IPATWDOBAHWA ¥ INyCOKOBONHOTO GYyDeHEH,BHCTYIH aKyc-
TAIeCKOTo dynamentra B BepmrTOBOM, OXOTCKOM, AIIOHCKOM MOpAX ¥ Ha ce-
Bepe PMIMmMITHCKOT'O MODA CJAOXEHH MEeTaMODJU30BAHHHME OCALO0YHO-BYJIKIHO-
TEeHHHMEA, METaMODIMYEeCKVME ¥ HHTDY2RVEBHEMA TEOCHHKIMHAJNBHEMA KOMILIEK—
cami ¢ BozpacToM oT 40-50 wmuH, (Bepxmmit maneorem) mo 2, 3 MApI.JeT
(apxeit), oCHapyRWBaLmEME COJBMOE CXOINCTBO C MODOLaMA HpEJeTapmell ma-
TepuROBO# W ocTpoBHOE cymu. Ocamoummil Yexos o6paz0BaH RARHOBOHCKEME
0CaOYHO~BYJIKAHOTEHHEME Ciaf0 yIIOTHEeHHEMY DODONEME MOMHOCTED B bBe-
purTOBOM ¥ OXOoTCcKOM MOpAX 10 9-I0 ¥M. B TEeKTOHEYECKOM OTHONEHAN Ie-
peuuciIeHNEe MOpPH TDAKTYOTCH Kak HEomNaTdopMH, YeXoJ KOTOPHX OCJORHEH
CTDYKTypaMi THIA CBOIOBHX NORHATEH, BaloB, HporuboB, padroB. Ipen-
cTaBngeTcH, 9ro Anomckan, Poxw, Kypuro-Kamuarcras, ANEyTCKAH OGTPOB-
HHE JyI'¥ 3aN0XWJAChL HA KOHTHHEHTANBHOM OCHOBaHME, /nsy-BoHuMHCcKaid,
lapuanckai -,BepoATHO, Ha OKeaHNYeCKOM. IMyOOKOBOIHKE BIANWHH OKpavH-
HHX Mopeilt ¥ TiIyOOKOBOIHHE EeJoOa ABIHDTCA HAJJOXEHHHMH CTDYKTYpaMu.
Kax reomopfionmorEIeckde OCLEKTH OHM Tak X8 ,Kak OCTDOBHHE IyIW, 3al0x¥-
JNCH B IO3NHEM Kaiinozoe (BepXHER MUOLEH-IIWOIEH) X ODONOJXADT HopMu—
. POBaTECcA B HACTOAMEee BpeMA. Ha OCHOBAHNE EMEDUMXCA MAaTeDWalIoB I'e0Jo-
THYECKAA MPEPOJA CEBEeDPO-~3aMafHOTO CeKTOpa 3anamHO-TIXOOKeaHCKOH ak-
THBHO¥ OKpawHH MPEACTABAAETCH KaX CJIOXHAd MO3a¥Ka GI0KOB, HCIHTABIMX
B IOpouecce ero (CeRTOpa) DASEATHA KAK 30HH COWIEHEHWA KOHTHHEHTa C
OKEaHOM BepPTHRANBHHE, TODH30HTANLHNHE ¥ BpallaTelbHHe OepeMelleHEd.
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SEIYA UYEDA, Earthquake Research Institute, University of Tokyo,
Japan

CHILEAN VS. MARIANA TYPE SUBDUCTION ZONES

Various geophysical and geological phenomena characteristic of sub-
duction zones, such as back arc extension, arc volcanism and seismi-
city, are difficult to explain in terms of a single model for down-
going slabs of cold oceanic lithosphere. Comparative studies of diffe-
rent subduction zones are instructive in this regard and lead to the
recognition of two fundamentally contrasting modes controlled by the
strength of mechanical coupling between down-going and‘overriding
plates. High stress Chilean-type subduction zones are characteristic
of continental arcs, whereas island arcs with actively spreading back
arc basins are typified by low-stress Mariana-type subduction.

With this distinction in the mode of subduction, diversity in many
other phenomena related with trench-arc-back arc systems may be ex-
plained in a consistent manner, e.g. regional stress distribution,
vertical movements, heat flow, mineralization, sediment subduction/
accretion, crustal accretion/erosion and collision.

The possible factors controlling the degree of mechanical coupling
between down-going and overriding plates are the difference ‘in the
nature, mainly the density, of the subducting plate and the motion of
the overriding plate relative to the position of the trench line, The
former is determined by the age and "continentality" of the subducting
plate and the latter by the absolute motion of the overriding plate,
if the trench line is stationary. It should be noted that trench line
can be moved by asthenospheric flow, roll back of subducting plate
and trenchward advancement of overriding plate, causing extension and
closure of back arc basins. Since all these factors can change with
time, the mode of subduction at any particular subduction zone can
also change with time. This may account for the opening and closure
of back arc basins in the ancient subduction zones.

VRUBLEVSKY A.A.,Iustitute of Tectonics and Geophysics of the Far
East Scientific Centrs of the USSR Academy of Sciences, Khabarovsk;
KEOSYGIN V.YU., SERGEEZV K.F.,Sakhalinsky Complex Reseach Institute of

the FPar Fast Scientific Centre of the USSR Academy of Sciences, No-
voaleksandrovsk, USSR

TRANS-ELEMENTS OF THE MARGINAL SEA - ISLAND ARC - OCEAN FLOOR SYSTEM

Island arcs and active continental margins are characterized by
faults of different geodynamic enviromments and tectonic nature, The
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largest elements, formation of which reflects conditions of compres-
sion (seismofocal zones, thrusts and underthrusts often with strike-
slip component),are traced along them. In general normal faults on
outer slopes of deep-sea trenches and rift structures of marginal
seas in the backarcs strike conformably. In island arc systems and
in continental margins transverse structural elements vary according
to their morphological and dynamic characteristics. The analysis of
gravity and magnetic field maps, printed and compiled last years,
including the results of submarine relief investigation, structure
of sedimentary cover and basement blocks, peculiarities of seismici-
ty distribution allow to identify trans-structural elements in the
systems of marginal sea - island arc - ocean floor. In the Northern
and Western Pacific such lineaments are traced through the juncture
of island arcs or their separate parts from ocean floor into margi-
nal seas or continental massifs. Among them there are lineaments in
juncture regions of Izy-Bonin and Volcano island arcd, Mariana and
Yap, Kuril-Kamchatka and Aleutian flanks and also some transverse
elements of island arcs out of their boundaries (fhulta of Tuskarora
and Bussol Gulf, Kodiak Island region, etc...). Tectonic nature of
trans-elements is different. In some cases they may be boundaries
between old heterogeneities of the Earth crust and upper mantle,
in other - they may reflect lithosphere reaction on the existed
stress field. Island arc flanks and regions of their intersection by
trans-elemenis are favourable for ores: localization of some types.

BPYBIEBCKHR A.A., MHoTHTYT TeKTOHWKW m Teofmsmrm JBHI AH CCCP, r.Xa-
Gaposcr, CCCP; KOCHIVH B.D., CEFTEEB K.3., Caxamweckuit kKoMILTeKCHHM
Hay9HO-HccaeoBaTeNbcKul wHOTHTYT JBHI Axamemym uayx CCCP, r.Hopo-
anercaHynposck, CCCP

CKBOSHHE SMEMEHTH CHCTEMH OKPAVHHOE MOPE-OCTPOBHAA JIVTA-JIOKE OKEAHA

OcrpoBrye Nyr® ¥ aXTWBHHE KOHTHHEHTANGHHE OKDAWHN XADaKTeDHSYOTCH
PasjoMaMy pARNEYHHX I'eOIWHAMEYECKEX OCCTAHOBOK H TEKTOHAYECKOH# mpH-
Dozu. Broms HEX NpOCAeXEBADTCH KpynHeiwWe SIeMEHTH, CTSHOBIEHHE KO-
TOPHX OTpaxaeT yCAOBHA CEATEA (ceficMOfORANEHHE BOHH, HANBUTM ¥ ION-
JIBATH, 9aCTO CO CHBETOBOX KOMINOHEHTOR) ¥ Hapany ¢ BTEM B IEJNOM COT-
JIECHO ¢ HEME IPOCTEDADTCA COPOCH BHONHEX CKJOHOB TUIYGOKOBOIHHX XeJO-
60B m, pacmosarapmEecs B THIY OCTPOBHHX IYI DASIEETORHE CTPYKTYDH
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oxpavpHEX Mopeil., PasHOoOpasHH Mo MODPHONOrWYECKEM ¥ IWHAMWYECKEM NpPHE3-

--HAKaM-B CHECTEMAX OCTPUBHHX-IYI % KOHTWHOHTAJABLHHI OKpaEHAX ¥ Ioneped-
HHE CTDYRTypHHE 3AEMEHTH. AHAIP2 pAla W3NAPHHX ¥ COCTABNEHHHX B IOC-
JelHee BDPeMA KADT TDABUTAIMOHHOTO M MarHWTHOTO mojeif, a Takse mouIy-—
YeHHHe B NOCJefHWe T'ONN pPEe3yJbTaTH H3yYeHHd NOZBONHOTD pexneda,
CTDPYKTYDPH OCANOYHOTO 9eXya, CTPOeHMA GJIOKOB (JyHHAMEHTS ¥ OCOGEHHOCTH
pacupeleeHr:d ceHCMAYHOCTH IOSBOJANT BHEEJXTH CKBOBHHE CTPYKTyDHHE
3JIEMEHTH B CHCTEMaX OKpaWHHOE MOpe-OCTDOBHAA IyTa-JIOXe OKeaHa. B ce-
BepHo#t ¥ sanmammoil gacTax THXOTo OXeaHa NOXKOOHHE JMHEAMEHTH HPOCHA6XE—
BabTCA Jepe3 MecTa COWIeHEHWA OCTPOBHHX IyT WIM OTHeJbHHX WX dacTel
A3 JIOES OKeaHa B MpeleNH OKPAWHHHX Mope# Ma¥ KOHTHHeHTAJNBHHX MAcCH-
BOB. K EX 9MCIYy MOKHO OTHECTH JIMHEaMeHTH, YCTAHABIMBAGMHE B MECTaxX
cowleperma nyr Vmsy-Bouwsckol @ Bosmkaso, Mapmancko#f m flm, paffoma
durarroB Kypmno-Hamgarckoff m Aneyreroif nyr. K OTHOCHTCA H DAJ OO~
[NepeYHHX 3JIEMeHTOB AyT, BHXONAUMX 3a WX npelenan (pasmoms Tycrapopa,
samBa Byccons, pafioHa ocTpoBa HONBAR ¥ Xp.). TeRTOEMYECKAs HpUpOna
CKBOBHHX BJEMEHTOB HEONHOSHAYHA. B ONHEX cJAyYafdX OHM, IO—EEIEMOMY,
IpeICcTABIADT cOGOf T'DaEWIH MeXNy IPeBHAME HEONHODOLHOCTAME SeMHOE Ro-
pH ¥ BepxHed MaHTEW, B APYyTEX OTpakapT DeariMp JATOCHepH Ha CymecTBy-
piiee moJe HampameHw#. QIAHTE OCTPOBHHX IyT ¥ MecTa MepecevYeHEd IyT
CKBOZHHME SJEMeHTAMH OJATONDHATHH LJA JORAJIMSAIMA DANA THIOB OpyHeHe-
HEA.,

ZONENSHAIN L.P.,, KONONOV M.V,, SAVOSTIN L.A., Institute of Oceanology
of the USSR-Academy of Sciences, Moscow, USER

EURASIA/PACIFIC REIATIVE MOTION DURING THE LAST 130 MA AND ITS
BEARING ON OROGENESIES IN NORTHEAST ASTA

Data for relative plate movements in the global scale during the lasi
70 m.a. and for plate movements in the hot spot frame during the last
130 m.a. were used to compute Eurasia/Pacific motion. The Kula/Paci-
fic motin parameters were also determined for the 60-130 m.a, inter-
val.

Three stages in the Eurasis/Pacific interaction can be outlined:

(1) 130-70 m.&. when the Kula plate moved with the rate of 10 cm/year
northwestwards perpendicularly to the Euraaia's margin, and when
Euresis moved in the hot spot frame southwards toward to the Eula
movement. The large orogeny within the Verkhoyansk-Kolymien region

and development of an sctive continental margin of the Andean type
(with the Okhotsk~Chukotka and Sikhote-Alin volcanic belts) along the

54



edge of the continent were related with this plate interaction pat-
tern,

(2) 70-40 m.a. when the Pacific plate move NNW along the Eurasia
margin with the rate of 6-7 ¢m/year. At that time subduction zones
and related orogenic events occurred mainly along the segments ortho-
gonal to the plate motion, in the Shimento zone (Japan) and the Koryak-
Kamchatka volcanic arc which was collided with the Asia margin in
Late Eocene.

(3) 40-0 m.e. when the Pacific plate motion again became orthogonal
to the Asia margin. However, Eurasia move in the hot spot frame north-
north-eastwards, that is oblique +to the Pacific plate motion, so
giving way for marginal sea opening behing the ancored subduction
zone in NW Pacific.

SOHEHMAMH TI.II., KOHOHOB M.B., CABOCTVH I.A., VUHCTETYT OKEeaHOJOTHH
Aranemvy mayrk CCCP, r.Mockma, CCCP

JBUEEHWT [UMT TIXOTO OKEAHA IO OTHONEHWC K EBPASIM 3A NOCIEIHME I30
MIH.JET ¥ CBASE C HIMH OPOIEHNYECKIX COBHTIL HA CEBEPO-BOCTOKE A3

Jiig pacvuera pBExeHmil mmT Tmxoro oKeaHa mO OTHONEHMO K EBpasmE HCIOJE-
30BaHH JlaHHHe IO HOepeMelieHMAM ILIMT OTHOCHTEeJBHO IOpAYEX TOYeK 3a Ioc-
Jeqaue 70 miH.JeT. BEIM BHYACJICHH TAKXe NapamMeTpH IBMMeHEA ILITH Kyna
OTHOCHTeNbHO TEXOOKeaHCkoil wmTu ¢ 60 mo I30 mH.uier.

BunesseTca TDH 8TAlla B3auMOXedCTBAA ILTHT:

I) I30-70 mmH. JeT, Korma mwmTa Kyaa co cropocTed I0 cm/Ton mBEramack
Ha C3 DepmenIUKyJAADHO Kpap A3HA H KOrja AsSwi MO OTHOWEHMH K I'ODAYEM
TOUKaM IepeMeljalach Ha LI' HaBCTpedy IBHKCHMD IUIHTH Kyna; c oThM sTa-
oM ¢BA3aHH MHTEHCHBHAA OpOreHMs B BepxosHo-KosuMckol oGIacTHE M. B
nocjaefylijeM (OPMADOBAHNE AKTHBHON OXpamuau anmuickoro ruma ¢ OxoTcKo-
~ UyrorcxuM u CEXOT3-AJMHBCKIM BYJIKAHWYECKYMH IIOACEMH;

2) 70-40 mm.eT, xorna TEXoOKeaHcKasd IUMTa JBHTasach Ha CC3 BROJB
Kpad ASHE cO CKODOCTREN &6-7 cm/Tom; B 5TO BpemA 30HH cyCoykmmu ( 7
CBA3GHHHE ¢ HIM ODOTEHHYECKHe COCHTHA ) CyUecTBOBAIN Ha OTpe3Kax,
HDepHeH[MKYJIAPHEX JBUKeHND TUXOOKeaHCKOH IVIMTH, B YaCTHOCTE B HOpAK-
cKo-KamuaTcroil ByJAkaHMYecKolf Oyre, KOTopad B KOHIE 20LeHA CTOJKHYJIach
c'npaem Asym;

3) 40-0 miH.JeT, KOTla mBWkeHWe THUXOOKeaHCKOH INTH BHOBE CTal0 Iep-
NeHIMKYJIAPHEM Kpak ASHE, HO IepeMeleHHe ASHM B CHCTEMe I'ODAYMX TOYEK
OHJI0 HAOpPaB/eHO OT 3aAKOPeHHOR 30HH CYOAyKIEM MIA KOCO IO OTHONEHHD
¥ Hefi; B pe3yJbTaTe BOSHMK/JIA COBDeMeHHad CHCTEMA OCTPOBHHX IYT X
CHPEIMATOBHX OKPaNHHHX GacceiHOB.
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CHMODO3HUYM/ SYMPOSIUM L.03
APXENCKAS JIMTOCOEPA M 2BOJIOLUA KOPH HA PAHHEH CTAIIMM
HCTOPHH 3EMIH

ARCHAEAN LITHOSPHERE AND EARLY CRUSTAL EVOLUTION

Conveners: R.Hargraves, J.Tarney, N.A.Shtrace

BLOCKLEY J.G. and TRENDALL A.F., Geological Survey of Western
Australia, Perth, Australia

THE PILBARA CRATON: 1.5 x 109 YEARS OF CRUSTAL EVOLUTION
AND ASSOCIATED METALLOGENY

The rocks of the Pilbara Craton in northwestern Australia
reflect early crustal evolution from 3.5 b.y. to 2.0 b.y. At least
four differently configured depositional areas are now represented
by (in order of decreasing age) the Warrawoona, Gorge Creek and Whim
Creek Groups, and the Mount Bruce Supergroup. The accumulation of
these supracrustal sequences was accompanied by deformation and
granite intrusion, the intensity of which varied with time. All
four sequences contain substantial proportions of volcanic rocks,
and all but the Whim Creek Group have thick, laterally exté&ifsive
units of chert and/or iron formation. Despite the apparent
repetition of similar geological events, metallogeny within the
Craton shows some distinct changes with time. Gold shows a strong
affinity to mafic and ultramafic rocks of the Warrawoona Group, and
apart from some sediment-hosted veins within the Gorge Creek Group,
is virtually absent in higher units. Nickel, although not present
in commercial amounts, shows a similar stratigraphic distribution.
Conversely, commercial iron ore deposits are absent from Warrawoona
Group, but present in small concentrations in the Gorge Creek Group
and in overwhelming abundance in the Mount Bruce Supergroup. While
vein copper deposits show a similar distribution to nickel, lead
appears at intervals throughout the sequence. Stratifdrm ba