
ROMAN NEY 

THE CABPATHIANS, AND PLATE TECTONICS 

It is generally assumed that the Carpathians as 
a folded orogen were formed In result of a complex 
geosyncHne evaluVion. However, the mechanism of 
the f{)lding of geosyncUne fOImations, and , particu­
larly the development of the Cerpathian nappes of 
a high amplitude of thrU'SUI, and as well as the rela­
tion of the Ca!palthians to the,iJr foreland have been 
the subject of various interpretations (D. Andrusow 
1960, 1964--66;' S. Dzulyfudd. 1953; M. KsIElZkiewicz 
1956, 1972; J. NowaIk 1927; W. Teissyere 19.21; K. Tol-

.. wiil'sld 1956; H; SwildzifIski 1971, and others). 
The CaIipMhians bfimg a part of the European Al­

. pine syStem stretch for 1500 km from the Neogene 
' Vienna Basin - Where they m'aike a prolongation of 
the EaBf:ern Al'P'S - to the DanUibe rift in Iron Gate 
in Ramania. !'uT-ther east they pass into the Balkan 
belt, (fig. 1). . 

The Oar-pathians are a typreal mountain belt in 
the shape of an arc. Together with the Balkans they 
mBike two aros, a bliglger, typiCal Car!pathian arc bent 
NE, and a smadler one, Carpath'ian-Balkan, bent we­
stw'aro. The . Carpathians thrust onto their forefield, 
which maikes a ty,pical foa:edeep filled with, the Neo­
gene molasse sediments. The Qa.rpathian foredeep 
developed on a Paleo-Mesosotc Euroesia.tic plate sur­
rounding them from the outside of the ,arc. 

Three basic zooes are distinguished in the Csrpat­
hi'Bn arc: 'an oUlter zone, the so caHed Outer Car­
pathlans (eXJternides);a t1'lllnsition zone, made by the 
Pieniny Kl1ppen Belt; and an Inner zone, or Inner 
Carpathioos (internides). Tbe Outer Carpathians are , 
bum up .from Cre1aK:eolJS alO PaIleogene Flysch nap­
pes of stron.gly developed inner fold tectonics. The 
PieninyK!liPt;>en Belt presents a kind of mega.breccia 
of TOoks - mainly Jurasslc and Cretaceous - inten­
sly faulteld'a,nd fraclU1'ed. On the surface, it makes 
a zone a few hundred metres to several kilometres 

, W'fde (<XlCa91omill.y over 10 km.) siretJChing for 550 
kiln • .from Mannorosze in the Eastern Carpathians uP ' 
to Vienna. Funther west, akeIak:Iy in the Eaatern Al­
ps, the Pieniny KiilPlPen Belt pa'slses into Gresten klip.,. 
pens. In the East, the RlWh6w~Mannorosze forma- , 
tiOl1ll - further passing into Get.i~ NBlPPe ...,.." t~ o-
ver the role of the Pieniny KliJWeon BelJt." ' 

, The Inner Oar!pathilmB (pUysch, aedim-entos included)' 
are als'O characterized Py." a. ' fOlded structure. With 
this zone ai"e"CGnnectEld Neogene volcanic formations 

. ooncenitmt'eld madnily alon,g ,the nol'lther'n edge of the 
Pannonian mtcroplatfoml and the ea9tern frame of 
the TransY'lvarnla.n-' b1ioCk, Both elemeIllts were plun­
ged at the end of evQlwtflon Of , the Carpathians; Neo- ­
gene in.tem~ (in relatio-n to' the . Caflpathian -orogen) , 
dep.reSBio.ns developed on their are'a. 

The folding Qf _ the C~ian orogen oc~red , 
first in the Inner and then in the Oute4' Cal.'lpa,thians. 
The Inner Cerpathian fomiations were foMed from 
the j.urasslc till Late Cretacelous period, whereas Ou':' 
ter OalllaJthian flyschformatl'Ons folded during the 
Neogene; there are alis'o indications of Quaternary 
folding in tnls area. Tlms; Lt can be seen that the, 

, Carpilthians are an orogen of a complex structure . 
. As it ha'd been 8l!SU!Illed that FiyScb sediments of 

the Carpathian nawes 8Il'e of a thl"USlt nature (which 
was· confirmed by borehble data) and it ha.d been 
stated that FIysch fonna.-tions widely cover the nort­
hern Oa~ian i'ol'el'Bnd, it has been difficult sO 
far -:- tak!f~ into accouDt fllre known hypotheses of 
folded mountain formaobiJons - to elucidate 'clearly 
and thoroughly the relationship between the folding 
movements and the structUl'e and evolution of the 
crust on which the Carpathian geosyncline develo-
peeL 

The tn-dltion'9.1 eXiplanation of the Carpathian tec­
tOgenesis oonsidereid lllfa!nly verticalCl"U\!t move .. 
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ments. This, hQiwever, did not meet the need for a 
com(plex explanation of both the cause of the Car­
pathi'an formations folding and the orligin of the re­
gioaal thrusts of amplitudes of a few dozens , kilo-
metres. : 

A PQS8IIbiJiltY' of a new ., e]!jpl:anlBltion : of the folded 
mountain ' tectogenesls and of the, development of 
their geosynelines occurred after a new theory of the 
Jlobe tecton'ics, the sO called plaite tecton.jcs, had been 
Id; forwlll'd (W. J. Morgan 1968, Le X. Pichoo. 1968) . 
A.ccoNing to this theory, the . gldJe l.ttOsphere consists ' 
of six plates bemg in a pemianeDt mov~ent in re­
JMibn to eBlCh ~her.J. F. Dewey and .J. M. Bird 
(197Gb) recogniie wj,th!n the area cd, the plates a se­
ries o~ blookB distinct, to same e~teDt,in their struc­
ture and in their limited i'llidepeDident movement. The 
phenomenon of plarte ~ is based both on sub­
sidence in movemeut, i.e. a sublduiC'lliOJi of a part of 
the Cl'Wlt of SIOme of the pJetes under the others, and 
on the process of plate accretion 'by spreading the . 
ocean crust in the rift zone (J. Coulomb 1972). This 
phenomeoon has been rec<llgnized due to the exhau­
stive investigations of the ocean floor (R. S. Dietz 
1961; ' H. g. Hess 1962). The pla:te teCb>nics accepting 
the movement of particular _ crust ' plates refers to 
the theory of contillellJt drlm, sensu .1\. Wagener (19M), 
assumd'ng convecti'on currents to be the force &ffee­
ting movement of the plates (A. HoLmes 1945). ' 

The pllSlte ' tectonics tormulaJted above was then 
' used to exda1n tec:bcllenesii . of folded mountains 

(J. M. BiI'd; J. F. Dewey, 1970; P. J~ Coney 1970; J. 
F. Delwey, J. M. Bird 1970111, b; J. F. De!wey, B. Hors­
field 1970; J. F. ~y at aH. 1973, and o1ihers). Ac­
COlldling , to J. F. Dewey and J. M. B1'l"d (1970a, b) it is 
asS'Ulme'dthSJt thene a1"e ,biasi.caUy .1/wIo types of oro­
gens. An orogen of Oo.rd,Jmeran type oriainSJtetd thro­
ugh brealdng', and stJbd.otmtion cif the crust of , the 000-
aruc type in the ZODe, of. deep -0CEIan trench in the 
proximitY of oontinental edge. Thermal agents played 
a rem~able pm in the ~n of such orogen. 
The Andean mountains may I!erve as an example 
~ere. The second type incluldes orogens formed in re- . 
awt of the so called"collisto'n of continents. An exam­
pIe here is the beiItt of the European Al(>ides which 
c.omplise ' the Oarpathians. The orogen of the colli­
sion91 type is chanlClai2Je<t by a oomplex fold sy­
stem reauilbing from_ extensive compression, large-di­
stance. .-1Erotooical . transportation, etc. The ortgin of 
sy.ch -orogens is pikDarily connected W'ldih the action 

. .,. of mechanical' stresses res.U['bing horn the colH&fDn 
'of contineniflal pla/tes. . 

In recent years there QIItleared some papers pre­
senting attempts to l'Dtel\U'et flectOgenesis of the Eu­
ropean Alpides in' the llebt of-the pl9te tectonics. The 

'-AlPs were d48cusSed from that point of view by J. 
Dercourt (1971), K. J. HsU (19711) and H. Laubscher 
(1969) and others, and the Carp'ail;lhiBllB - by' G; Sz~;;' 
nas (19728) and ' D.P. RaIdule'80U and ' ld. Sandules<:u 
CI973). I'Dteresting data concerning the plate tectonics 
of the western MEIdite1'Iranean Stsa wer.e given by 
K. Hinz (19~). ' 

Recelllotly the present aut.hor made an attempt to ' 
reconstruot the tectogeJlf!Sis af the CellPathians from 
bhe point of view of the plate tectonIcs, taking into 
acoounlf; the borehole and geophysical data and ,re~ 
gional compiaMtive analyses CR. Ney , 1973, 1975). Thh 
p~r preseI1lts a wider dmcutssiton of that problem. 

Too Cerpathians repr~ the most northerly 
belt of a complex system of the European, Alp1deli 
OGnnected rih the M.eldtterranean 2io11e on the west 
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Fig." 1. '. St1'UCtUl'uZoottine", oj · Meditetra:nea";; Alpides 
(atte;' J: F. I?eWeJl and J . . M;' Bird;. 9'·.:.:..;. simplif~~d). 

. { ';:~pine fold1Dg ionel, . 2 . ~ .c~o(:ont1nents (MaaiJlvel 
artd tilner: Microplatform&); " 3 .;..,. .. N~~gene . vUlc:aJrltei', • -
Plenlny Kllppen Belt, 5 - AlfOId Depreilliion limitlng 
iriultB,"8' ..:.. other "minn uults,·,, · .; .. : 'crust sUbduCtIon zOnes 
and (urection" of fu .. pl8tei, 8 ..:.. direci1cinl of the 8tructil.~· 
rat poiarlZatlon lri foided Alpine ' foriruit1oili, 9 - ·line . of 
'aleogeoi!;ratic . leCttoni . (Fig. :i; 3). i . ~ Slovaldan block~ 
. . ' iI - ' Ti-a~ylvl!n1an block, . IIi - ' Alf()1d Depreir.ll.on: 

'arid passing into' the AJPide ·system of the southern 
Asia on the east (see R. Stoneley, 1974; and B. K. 
Rastogi, . 1974, for an anillyselS ' of the latter in terms 
of the plate tectonics). According to the idea' assu­
ming modification ()f the Earth sW'faee by cont!-
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RIIC.I. Szkic strukturalnll Alpidow Sr6d.ziemnomor­
skich· (wg·J. F. DeWel/Cl i J. M. Birda, 9 '-;uproBz-

czonll). . . . 
1 ,:.0,. Itrefy faldowaD. alpejlldch, :i - mlkrokontynent'y (ma­
sywy.{ mikr.oplatformy wewnf;trzne), 3 ...,. wulkanlty neogen­
Bide, 4 -' p!eniDlld po IkalkQWY, 11 - uskold ogranicza­
jllc.e depresjll AlfOldu, 8 - inne Ulkokl gl6wne, ., - Itrefy 
IlUbdukcj1 Ikorupy 1 lderunJd pogrlltania sill PlYt .. 8 - lda; 
runld polaryzacji ItrUkturalnej w .faldowanych utworach 
alpejlk;ich, 11 ...,. llnia przekroj6w paleogeograficznych (rye. 2, 
I) . . I . - blok Blowacld, n - hlok transylw8D1ld, m -
. . . depreaja Alf61du ' 

nenta.l ddft, the Mediterl1anean ~one played an· im­
portant pal'lt in the break-u.p of Pangea and the for­
ma.tion of the Tethya,n Ocean from· the very begin­
ning (J. F. Dewey and .J. M. Bird, 1970b, J. F. Dewey et ail. 1973, R. S. Dietz and J. C. Holden 1970). The 



. Mediterranean zone is situ'ated between Afric:an and 
EUrasian, plates; that is why it underwent a com­
plex ev,olution p,uring ,t~ continental drift. Therefu-

' re, In ' the f~ewOrk of tbe Alpine goosynclinal sy­
stem a num.ber 'bf geonsyncllnes :}VeG."e . formed in the 
Mediterranean EUrope. The geosynclines were seP1!­
rated by continental bLocks acting as microcontinents, 
ac.coI'lding to tl1e class is scheme of J. ·F. Dewey and. 
J: M. Bi·rd (19708). . 

The Alpine-Carpathian .geosync1ine, arched along 
the 'soiJbhern edge of the. EUt"sman plate is theinrist 
nl)'l'ltherdy element · of ~he 'system. The Malopolska 
and t'h~ Bohemian ma9ltl's .from· the . edge of that 
plate acted as t'eSi&tance massifs in re'S,pect to the 
geosyncline. The Bohermen .. · massif acted ' as some 
kind of a bar, which"l,s mo&t '~y respons.ilble for 
regional s.outh'WYd bep.d of the noDthern margin of 
the ge.<lllyncline (Ji1g. 1). COMinenbal blocks also occur 
south of the Alpine-C&rpathian geosyncline; this is 
the case of the Plannbni&n microplatform formed of 
the SloV18lcian 'and T.raillSytlv8!llian blocks separalted by 
Alfold deprelsion of a rift origin. The Rbodope mas­
sif is situiated · south of the Balcan geosyncline, and 
Serbi'an-MacedoniaQ massif - nGrrth,.east of the Di­
ll'aride goosyndine. The DinMlride and Apennine geo­
syDlOli.nes are separated by oarnic-Apulian masaif, 
in place of' wbioc;h the Aldriatk depre!1sion 'originated " 
in· ~he Neogene. . 

. Some· of the above mentioneid microcontinents, 
that is contInental blocks, · drifted in their own way 
in times of ~rmation of the MeditelTanean Alpine 
system. Geosynclines were ,developing in zones of 
crlUllt weakness, possibly related to melting of the 
crust from bellQw by convection currents. In these 
zones continental crust drlfted. away". and t~ crust 
of the oceanic or transitional type was formed. It 
follows that continental blocks drifted away from 
the ' axes of the ge<l6Ync.linas :during .. the 'pre-orogenie 
stage. Afterwards, in consequence of a reverse' move­
ment (i.e. movement toIw1mis the geosynclinal axes) · 
of .... eontinent'al blocks deposiis entrapjped in: -the geo . .., 
synclfnes' were folded, and fin91ly regional 9ver­
thrusts developed. In the Mediterranean zone the · 
convergent movement of the Af.ro-Ambian and Eura­
sian plates was of primBo' I.mporIt8nce for the de- . 

. velo,pment of these proeesses. 

At the edges of the ' converging plates a number 
of small Continental blotlks origin'Blted. These blocks 
acted' as se<.Paia:te microcontinents (PaDllonian micro­
plsitfoonn) or they plunged into the astensphere ini­

. tiaHy creating deep trenches._ The ~~n.plate dis.­
plays some losses which now· infiU a' system of ,tren­
ches stretching south of the Aegean Mc. On of such 
trenches is the Yoni'an treDCh surrounded by the zone 
of formation of the crust of the . tr'ansitloll'al type. 
These movements of plates and block:s,' leading to the 
n'il'1'rowing of the Mediterranean Alpine zone,were 

. accompanied by subduction of a part of tile crust. 
The ' amplitude to re~ion'B'l ' overthruMs apoears to ' ·be 
directly proportional' to the rate of subduction. An 
analYSIN!' of .the struocture· of the ·crust of , the .¥edi­
terranEi9n Alpine zone has · shOWn that · the subduc,,: 
1ion of the N>QT'bh-Eurotiean. continental platte surroun:" 
dint( the Al.piides f.roin the nIorth·Was the most in­
tense. ·St.ructural polarity in O'l'ogenic .'sedimentary 
series of .geosyrnelines ·is oriented in accordance ·with 
the' direction of crust subdu'OtiOn., . . 

.' In th~' c8rpathfans 'the overthrusts are . qirected 
to the north; from here the su·bid'llction of the crust 
df: the northern foref'ieLd' 'of the · Canpathians preeeed­
eel under the Pannonian micrQpla'tform cruSt. Ou­
ter aDd inner ' maMi·fs playe!d a ' reulaJ:1s:able part in 
the development ' of . the Mediterranean Alpine zone, 
as they' created a framewDl'k for the tectonics'· of 
particular 01'6gens. In the case of the Carpathians 
esoecially important' is the influence of the P9.nno-' 
nia·n 'micl"oplat1'Orm ·and. tt) sOme extent, of the Ser­
bian-Macedonian massif which acted as inner mas­
sifs, as well as :the Bohemian 'and Mal.opoiska mallsif 

. which aded as resistance outei' · massifs. . 

Igneous rocks played a rema~le part in the:de-
velopment of the MediteiTenean A1IPine system. ':I3a­

. sic and~rabasic Late Meeozoie l1>cks kngwn ..from 
,the' Metaliferi MU evidence growth -Of the' Pannt)­
nian mlcropJatform, similarly' . as the. :basic aDd ultM­
baSic rooks fotmd in Tmnssylwnian nappes. These 
rocks may be a:llso treated as relics of an oceanic 
crust, presuma.bly located within an oceanic rift. 
tmrabaei'C rocks aUerated imo serpentinites, known 
from the Gemerid units, might IUive also 'been, re-

· Illted to the OCetani~ rift. ' :'. 
Bmlic rodks, mainly represemed by ; diabase tuUs, 

also occur in the TransCBl'Ipathian Ukmine. The Neo­
gene vola1Il4sm is also conne'dted With the' margins 
of the Pannonian micropl'Mlliorm. ·· Early Cretaceous 
teschen.l:tes OOCUil" in- the Flysch C81'paJthians, and an­
desite vol'CBnites along the Pie~ny Klfppen Belt; ,the 
latter may ~resent prOducts . of croUSlt melting in the 
zone of &Ubduction. Taotric granites may also be con­
nected with a deep reconstruction of the Carpathian 
geosyncline, and they evidence a llIOv~nt of mag­
ma in its blasem.ent. Igneous rocks present in the Me­
diterranean ~ne system evidence the existence of 
deep crusta! ·flIactuJrai delineating miqr!oplaUonns . and 
massifs; ,they also reflect a movement of cruatal 
blocks in subdtrotron zones which were' favourable 
routes for the migration of. magma. 

There still remains the problem of ' a south-eastern 
. '. ex~Ds.i()n cif a greBi1: 'regional zone of deep cr·1istal 

fractUlre, so . cedled Od\1'a fault. AcCOJ.'lding to A., Gu;; 
terch et all. (1973) the Od~ fault is connected with 
a 3-km translocation of ' :f,doho . ~qrface, and bea~ a 
decisive influence on the structured Sw 'Poland. 
J. Oberc (1972) inf:iel'p1"eted this as a La.ramie tensio­
nal fault which surely underwent Partial rejuvena­
tion during' the Tertiary. Bas'aJt intr.umons are rela­
ted to thlll,t fault. Andesite intrusions fl"onl the Pie­
niny, Vranoes seiSlJlic zone from the EI,I8te!'n Carpat­
hiane, · aDd its presumable e:xteil1liOn ":frolil the area of 
the Transyt!v,anian block are presumedly' sdtuate:d al-. 
one:, the south-eastern eXltenirlon of the 04ra .fault. 
This great regional Zone of deep ' crustal . fracture 
seems .. to end at the Dobrogea dislocation zone on 
the south-east. · The last SE section of tbis deep 'cru­
st.al fraclure seems to repl'elSient, 'at the same· time. 
a . zone of con1:act and subduction of · the Moesian ml­
cropllaltfonn and EuroaBfiatic plate. The reconstruc-

· tion of the north-western extensiion of the Odra fault 
· aqpea'l'iS to . .be highly ~nt fot" t;he knowledge 
of' the teotol).i(S of Europe; however, further studies 
a~e .ne~essary fur eluc'idating this problem . 

MAIN" S'rAGES ·· OF . TBl!: FORMATIQN OF THE 
CARPATHlANS 

It is possible to distin~uish three main s~ges 
in: the 'complex eVlolution of the Ca'l'!p8if:hi'ans; the moat 
noiltherr:v pert of' the Mediterranea.nAloine . system . 
The' fiorst two: g.eosynclinal (Fig .. 2), and subsequent 
orogenic (Fig. 3) staftes may be furiher subdivided 
into a numobe-r of evolUJtionary cycles. Thes'e are con­
structional sbaiteEl, that is, leadillR io the :Oorniation 
of the 'nrQllen. The third sta.J(e, whi-ch may be callIed 
denudaotio!llBl, still oontinues leadin~ to the destruc-. 
tion of the .orogen, tba·t is, t<> planation or these 
,mountains totbe level of thelir sUMlUndings (Fig. 4).' 
FPrticuler stages are n<Jt sharply deU1'li!8ted but they 
rather interfinge. F<>r ex9rnple, the geOsynolinal and . 
orOJl'enic Bt~es m~edly imerfine:e, as the foldiilg 
of the Internal Ca.rpathlans ·started long beforetbe 
end of goosyoolinal develnoment of the ex·ternal Oar­
orrthians (F4g. 3A). The deriuda1:iO'l'lal stage was ini­
tiMed . elontt '.with the uplift o~. some parts . of the 
Caroathien arc; the material from de,rradatibn of 
uplifted parts of that . arc situated further to. the 
south was sllIPplied to northern sec;limentary.builll! 
o~,· the Flysch geosy'nt:l!n1;!. 

" The main stages . aDd cycles of c.omplec: evolution 
of the Carpathian ol'lOgen are illustrated on the en­
closed sketch paleogeo~'phic sec:tions through the 
Carpathlans and Dinarldes (F1gs.2-3). · . 
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ADRIATIC B.LOCK PANNONIAN BLOCK FORELAND BLOCK. 

'OINARIOES ZONE ~ARPATHIANS ZONE 

Sedimenlc1fY Rocks 

OINARfoES FURROW CARPATHIANS FURROW 
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OINARIOES BASIN PANNONIAN MICROPL~TE' CARPATHIANS BASIN 

.i<;io. 2~Outline of f9Tmation of the Carpathians and 
Dir&at:ides. geosllndincs basement. 

A - stage of origination of deep fault zonell, B - Itage 
of origination of geoByncline. basement al furrows, C -
stale o~ orillnat.on of .the IJedlmentatlon basins and the 

expanlllon of. oceanic crust. 

At the' end of . the Hercynian .arogeny the ·area of 
the _ present Carpathians. and Balcan .i\Ipides repre­
sented_, a co.nso1idate~region in which sialic crust 
~ .. covered by vafious, usually. -epicontinentalPa­
l~c seties~ However, there is ·some· evidence for 
the .HeI'oCYnian loldings, but· their strength. and· ex­
tent. are difficult to establish, (G. Sze.ds, 19728) . 
':. During -the Late Paleo:roic or, more precisely, the 
La~e' Carboniferous, . after the .c~m'p~.jJion of major· 
phases of. Hercynian foldings, Hie southern' part of 
t.he· .. E'Llrasian pl~te was dismembered· 'by several lar­
ge-scale . crustal fractures' genetically related J!L_.i~ ... ...;. 
This'l;n'eakage resulted- in the divi&ion of that part 
of ·the· Eura&~an plate into a . number of crusta! blocks, 
which . was· accompanied -by . tensional movements 
connected with the ·beginning· of the separation of 
the two large continental plates: Alr.o-Arabian. and 
Eurasian. 
. . The zone in which the fractures originated were 
preswnably partly' melted fro~ below by convec­
tion .currents from' tfie·· stenosphete, (Fig~ aA). TWo 
of the~ major Zones of frilctures.-·originatedin the a­
rea . CDver~ 'by the cross-section· (Fig. 2A): the Car­
pathian' on the north and the .binaride zone on the 
south-West. The Zones, although presented in the sa-
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I'ye. 2. Schemat formou'ania si~ zaZoien geo8i1nktt~ 
Karpat i Dynaryd6w. 

A .,... ltadium powltama atref wg!!lbnych rozlam6w,' 13"­
IItadium pOWlltania zaloieit leolynkl1n w p.ostacl rynien 
(row6w), C ...;", stadium' powstanla ba.en6w Bedymentlicy.l~ 

nych i elt.pansji skorupy oceanlczne.l. 

me seetion, differ in age. The zone of fractut"es alid 
breaks, connected with -the Dinarides, is presumably 
of the Early carboniferous age, whereas '. that 'con~ 
nected with the Carpathians. did not O'1'iginate· before 
~he end of Carboniferous or even Permian~ 

North of the Carpathian zone of fractures 'st're':' -
ched Eurasian plate~ monolitic at that· time, . which 
comprised the block of the Carpathian forefield: The 
Pannonian block originated between the Cawathiill~ 
and Dinaride Zories, and the Adriatic blbck- south­
-west of the Dinaride zone; the latter was delineated 
by the zone of fractures connected with the- Apenni~ 
nes. The fractures represented the zoI).eS of .complex 
crustal fractures into which ultnibasic. niagma of th~ 
astenosphere origin was injected. . . 

Gnanite magma originating from the me~.ting of 
basal parts of the continental crust became activa­
ted, in some places giv.ing rise to granite· intlusions • 
This is the case of granite of the Tatra. Mts which 
is surrounded by crystalline schists metamorphosed 
and folded in the CDUl'Se of the Late Variscan oroge­
nic cYcle and covered by transgressive :permo-Meso­
zoic deposits. Similar granite intrusions are known 
from the Slova.lda (Lower Tatra Mts, Nitta massif. 
Small Oarpathians, ,Small Fatra, etc,), . 
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Ftg. 3. Outline of the development of Carpathian 01'0-
gen in the Tertiaf'1/. 

A .. -:- partial,. folding of ~'the carpathIan inne~ . z~e IlIid 
fiJr~her development ot Flysch 8edlmentBti'on ·m -the ' outer 
,!,one"(Ollgocene); B - folc:Ung and uplUtlilg of the Carpa-' 
, tblan orogen caused by the crust. 8ubciuj:1;ion (Miocene). 

l' -:" . upper : mantle, 2 - con~e~tal c~8t, ,8 . - oce~~ crust, 
4" ;":' veins· · of magma injection; 5 - Pal.8eozoic formations, 
8 ,...,.:. :plattDrm ' type Mesozaic formations, 7 . - inner carpa­
thlan· .. formations, 8 -. outer carpathlan for~at1on8, 9 -
Mlocene carpathlan foredeep sediments, 10 - M1o~ene .sedl" 
ment8 of inner . CarpathlBn basins, 11 - direction' of ·the 
crust SUbduction, 12 directions of convection currents. 

. The 91UlCeSiSive cycle in the evolutton of the Car­
patbi-al'lI! iSdonoected W!i;th tli'e origin of a trench in 
the z:one of the crusta] tnadtl1rps jn the latest Per_ 
rnian 'and Triassic (F.ig. aB). smnilar trench origina­
ted 'in the DiilalidElS in the Camo1l'iferous. Deposiu; 
origiMting in the Cm1path1lan trench, which are part­
ly pres&ved Up to now, were injected with ophioli­
tes. In the course of' sUJbsequent reconstruct~ons of . 

'the Oatpath1ans the o1Kieet d~£ts were usually so 
deeply buried that at present they may be only oc­
casionaUy found in the internides. The Cerpathian 
trench' ,may be interpreted as an embryonic geosyn­
cline. 

There are two major reasons fa: the formation 
of regional crusta! fractUil'es in the Oarpathian zone 
in the Late Cal'lbionifer'OO.lB, and of their subsequent 
transfor.mati.on into a trench in the Per.mian and 
Tria'8'sic. The divergent movement of the EU'l'IIlSian 
and Afro-Ara,bian plates WBS of primary ' importance 
here, while the orientation of convention currents 
outwards of the .zones of the C&l'I,P8thlans and Di­
na:riIdes had sOIIlleinfLuence on the location of frac­
ture zones and, therefore, on the loO!lll;ion of des­
cendant trourghs. ' . 

Duzing the thirid, Jurassl.c cycle of the geosyncli­
nal ·stage of the formation of the C'ar.pathians a di­
stinct sedimenta'ry basin Originated in the place for­

. merly occupied by the trench (Fig. 2C). Troansforma-

OUTER FOREDEEP 

+ 
+ 

Ryc. 3. Schemat TOZWO;U O1'ogenu Karpat W okresie ' 
trzectorzflCu. . 

A - cz~ic1owe Ifaldowanie wew.n~trzneJ Btrety Karpat I 
datszy . rozw6J ledymentacj1 fUazowej w mette Zewn~(rz:. 
nej (ollgocen), B - IIfaldowanie t wydiw1gnt~e orogenu 

il:Brpacldego apowodowBJie IUbdukcjll 8korupy (mlocen); 
1 - g6rny plaszcz, 3 - sklorupa 1II0ntynentalna, :I - 11r;~ 
rupa oceanlczna 4, - :l:yly in1ekcyjne magmy, 6 - utwory 
paleozolku, 8 - utwory mezot;oiku typu platform'awego, 
7 - utwory Karpat wewn~trznych, 8 - utwory Karpat 
zewn~trznych, 9 - osady mlocenu zapadllska przedkarpa­
ckiego, 10 - osady mlocenu karpacklch nlecek wewnt:trz­
nych, 11 - klerunek subdukcjl Ikorupy, 12 - klerunek 

prlld6w konwekcyjnych. . : 

tion of the trenCh inw a bUin was connected' with 
decay of the ' continental .cru.st and sea-floor sPrea­
.dlng between the Bazmonhm 'mJdq:»auafm aDd Eu­
raSian plate. The Panru)[uan microplatfomiotigiria­
ted as an independent mf:crocontinent in result of 
breadcing-off ' of the Eurasian pm'te aDd shifting lit 
SW dlTect'ion. Accretion of the oceanic cru-st in the 
Dinaride basin started earlier, in the Late.· TriaBsic. 
The classic devel<llPIllent · of the Carpathian ge()8yn­
cUrie proceeded in the Late Jumssic, Cretaceous ana 
Tertiai"y~ During .that period a number at the second'­
-.order sedimentary basins were formed and then ge.:' 
osyncUne' became polygeoilyncline. The . axis . of sedi­
mentation gradoolly shiHed outwaros, IDwaI'ds ' the ' 
EUrMian plate. In .thI!5't dh"ection. younger 'sediments 
succesively awaar; the youngest, Miocene and Plio­
cene sedimeIllts which were formed alter the compli-' 
tion of the t.oldin,g of the Oarpathian orogen OCCIl1' 
in the Carpethlan Foredeep. 

During the Middie-TeIltlary cycle of the geosyn­
clineI stage the Cenpatbian geosyncline was' clearly 
divdded into two zoneB: ex.ternal, · parily folded befo­
re the · end of the Cretaceous, and outer; in -whieb 
intensive sedimentation was -still continuing (Fig. 
3A). . . 

Intensive fDldirig of. the whole Oanpathilan orogen 
and especially of its outer zone took place in the 
Neogene (Foig. aB). This resulteld in the uplift of the 
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Fig. 4. Schemfldc geoZogicaZ section through the Car­
pathians along profiZe V ass. 

1 - upper .mantle, 2 - 'crust, a - Bubduction zone, 4 ~ Ma,. 
horovicili lurface, Ii - metamorphic and sediment basement 
rocu, .. - Neogene landy-mudstone formations, 7 - Neo­
gene meilaae, B - folded Carpathian formatlotl8, 9 - veil· 
canlc rocks, 10 - metamorphosed rocks in deep fault Qf 
Piemny Klippen Belt,' 11 - deep faults in the crust an!;! iD 
upper mande, 12 - deep faults in upper crust zone, 13 -

direction of the crust subduction. 

CaIlPaflhlans and later in the formation of lal'ge­
-scale 'reg'ionJal oventhrusts. The sUlbduction' of the 
c1"Wllt in the sOOJithern; du-ecVion, that is beneath th~ 
PrumonJian mioCl'opllaltfurm., started during this' oroge­
nic' stage of the evolution Of the CaqlethiB.ns. 'On 
~hat milCroplatfomn a Rarmon!ian' depl'leStlion origina­
,ted in the Tel'~iJary (NeQgene). Marginal parts of the 
Eu.msian plate, disniembea."ed by d,eEtl fractures, were 
plunged beneath, this micr/llp'JJatlfiorm. AIlmost the who­
le of the aceanic crust previlous.ly flOlml'ed was con­
sumed. The author's studie's (R. Ney, 1975) have 
shown that this zone of subduction was passing be­
neath the setdim'entiary basin of the Rieniny Klippen 
BeLt. A pari of se/dimen;js which origillated in that 
b!sin were dredged deetp11y into that zone or even 
underwent melitmg' at stIll gI"ela'ter depths. 'l'he sub­
durotion of the crust was aIC~n:ied by intensified 
vIolcanlic ,aC!tliv.i!ty and andes-ite inttrusions in that zo­
ne. 

'The gelo!phY9~ClaI' studies (and pl"imarily deep seis­
mic soundillgB), camied, outin the carpaathians and 
Dinarides, have shown a fairly sha'rpdownthrust of 
the Moh0r0v5.oic sur:llace, from a,bout 30 to 50 km, in 
the zones of' inferreid crust sulbdu'C1lion (W. B. Sol1o­
-JIUIb et m., 197~, G. ~enas, 1972b). Aooord.l.ng to the 
presem autthlOr this is c:.onnected with some thidken­
ning of the, cru'St, resulting :from the pushing of so­
me of the blockS unider the others. lot is important 
to note that the mol'!Phofugy of MTohorovicic' surf.ace 
appeJars 'to be sim'i1ia!l" in aM the stucHed pr~les of 
these zones; all the prbtiles disIp~ay a deep crustal 
fractUre presU'IIl8,bly l"eIpresentfng strucWl'1al suture 
connected With the sulbldlllation. " 

The sulbducliDn of tlbe arust resulted in reduction 
of the wd/dIth of the Oarp/althlan geosyncline of at 
least 230 km aJt the mel'lJ."dl"'m of Cracow. The con­
rtMatioo caioulalted from Btr~ of folds fur the 
section from, the Pieniny K1JiIPpen Beillt to the nort­
hern margin of the Ca'l'1pJSthiJans eql\lials 133 km (R. 
Ney 1975). In the C'O'Ul'Se of the subduction the nort-
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R'lIc. 4. $,c:hematycZ1l1l przekroj geologiczn1l przez Kar-
pat1l wzdtuz 1l proj'ilu ass. 

1 - g6rny pla"zcz, 2: - skorupa, 3 - strefa SUbdukcj!; 4 -
powierzchnia Mohorovicilia. 6 - skaly metamorficzne 1 ola­
dowe podlota. 8 - utwory piaszczysto-mulowcowe neogenu. 
7 - maIala neogenu. 8 - sfaldowane utwory Karpat. 8 -
Bkaly wulkaniczne, 10 - skaly zmetamorfizowane we 
wglllbnym rozlamie ,pieninsklego pasa skalkow'ego, 11 -
wglllbne rozlamy w skorupie i g6rnym plalzczu, 12 -
wglllbne rozlamy w g6r.nej strefle Ikorupy, 13 - kierunek' 

Bubdukcji skorupy. 

hem forefieJd of the Carpathians was pushed beneath 
the Flysch series SIt a considerable distance. ' 

The recent stud!iJes have sq:awn that .Miacene depo­
sits from the Oal'palthillan Foredeep reach the P.ienany 
KliIppen Belt beneath the Flysch cover (Fig. 4). ThIs 
tCOnciUfSi!On, based o'n sedsmic sUIrVeying data, needs 
to be confinned by borehole dalta. Boreholes hither­
to made have shown the OOO1.IO:'ren.ce, of MLocene dt!­
posiis beIlleatth the Flysch 25 km south of the nort­
hern margin od: the OallplathlJans. 

The denuJdational stlaige of the evolution of the 
Oarpathians coIll1iinues ~:oom the folding and the or,o­
genic uplUt of that orogen up 110 the present (Fig. 
4). Lt is connected wllth gl'lalduJal 'er'asiion of the rooks 
building the orogen. The sUlb-SileSian unit from the 
10J0usn weSitern CarpaitntallS IS an excellent example 
of an advanced er.oeion of F,l.ysch series and the re­
sulting pen~nati.on of the 'rnIoun.'bains. 

, An QltternJPt of synt'heVic approach to the tectoge-
nesis of the Ca1lpaJt:h~ans from the point of view of 
the plia'te tectonics, prese1lited here, shou1d be furt­
her t"ested through an ac.cul'\lite analyses of all the 
data. Results of goophY1Si.cJal surveys of the crust 
flIom the zone of the Cial"!/;lathian orogen and boreho­
le darta revealing iIrtel"IUlIl structure of the mountains 
are of prirnal'y im.pOlItance here. 
Prof. dr hal:!o Roman Ney 
Akademia G6rniczo-Hutnicza 
Ml~dzyresortowy Instytu1 Geoflzyki 

,StOlowanej i Geologii Naftowej 
al. ,Mickiewicza 30 
30-059 Krak6w 
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STRESZCZENIE 
W artykule . przedstawiono pogbid na formawanie 

si~ orogemJ. karpacldego przy uwzgl~nieniu zasad 
teklioaillsliplyt. Kal1PMy po'tMkowano jako sk1a.doWll 
cz~ Ar(xhJlemnomorskiego systemu Alplrl6'W, IW l!lt6-
rym pOS'llCZeg61ne pasma orogeniczne s~ genetycznie 
AciSle zwill-zane ze sobll (rye. 1). Odchie1ajllce je ma­
sywy oraz mikropl8l1;formy Sll cz~Sciami dawnej, 
.jednolitej plaIxformy euroa%j:atydlt'iej i odgrywajll rolE: 
milkrokontynentOw . 

W r071WOju Karpat wyr6Zniono trzy 'podstawowe 
. et~y, na kt6re skladajll siE: cykle rozwojowe; dwa 

. pierwsze',to cmQIP geosynk~alny (iy.c; 2) i oroge­
nicmy (IrYc. 3). Sll one etap~i lronatl'Ulktywnymi, po­
nlewari: rozw6j ich prowadzil do zbudowania Karpat 
w postaci g6r. Trzeci e.tap Cprzebiega:jqcy wspMcze§­
nie) lll<i!na nazwac eialPem denurlacyjnym, ma on 
znaczenie destrukltywne, gJdyi proWadzl do zr6wna­
nia tych g6r z otaczajllCymi je obszarami (ryc. 4). 
Poszczeg61ne etapy nie Sll ostrQ rozgraniczone, a na­
wet . wyraznf.e zazQbiaojll siE: ze sobll; z e:tapem geo­
synhlinalnym zazlilbia siE: etap orogeniczny. W czasie 
gdy Kaqrarty wewri~t1'2ne byly jui cZE:.8ciowo faldo­
wane w Karpatach zewn~ych trlwal ' jeszcze roz­
wbj ge<l6ynkliny.· Etap denUkiacji rozpoczlll sit: : z " :. 
cnwilfl wydzwigni~ia wewn~trznych partii luku kar­
packiego, z kt6rego do p6hl.ocnych baaen6w donOB2jo;,; 
ny byl matel"ial pochlOdzllCY · z erozji tych cz~sci g6r. 

Etap geosynklinalny zwillzany jest z razsuwaniem 
si~ po6zczeg61nych plyt i mikroplyt. Og61nie chodzi 
tu 0 rozsuwanie si~ plyty euroazjll'lyckiej oraz my· 
kaii&ko-arabekiej i powstanie w . tym czasie. eocen.u 
TetYdy. "Zloiona geosyn.klina Tetydy nie m~ala jedno· 
litego charalkteru, ale skladala si~ z szeregu baSen6w 
sedymentaeyjnych' oddziel'OnY'Ch miikroplytarili i· ma­
lSy!wami. Kaidy" i takich ibasenow ltWOrzyJ: oddziel­
nil ge<l6ynk1in~, r6wniez ' 0 zloZonej budowie. Najbar • 
dziej p61noona z nich "byla geosynk1ina karpacka, 
kt6r4 od geosynkliny Dynaryd6w oddzie1ala mikro~ 
plat:fonna pannpiiska. 

. Etap orogeniczny w Karpatach nastllPU z ohWUII 
rozpoczt:cia sit:, ruchu' plyt .lrontynentalnych skiero­
wanego . do wewnlltrz geoeymldiny Tetydy, w6wczas 
nastllPila subdukcja .slrorupy plyty kontynentu eul'o· 
peJskiego pod pIy,t~ pa~oiiskQ. Strefa subdukcji 
skorupyw Karpatach przebiegala wzdluZ pieniiiskie­
go l?aBa skaUrowego, co odbilo si~ w . og61nej tekto­
nice' tego . elementu orog~n.iczneg<l. Ruch tenwYra~ 
zajllCY si~" takZe w c'yklac:p. ·.nie wygasl zupelnie "M 
dziA, stQjd obserwowane ·W . Karpatach przejawy neo.; 
tektoniki. . Z ehwilfl WydZwigniE:cia s1~ Karpat ro;­
~ sit: sUny proces denudacji, kt6ry doprowadZiJ: 
juz w niekt6rych ich partiach do znacznego spiuz!" . . 
czenla tych g~. . . 
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