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COMPARISON OF SUBDUCTION ZONES VERSUS THE
GLOBAL TECTONIC PATTERN: A POSSIBLE
EXPLANATION FOR THE ALPS-CARPATHIAN SYSTEM**

Carlo DOGLIONI""

Apparently, plates are not moving randomly over the Earth’s surface but rather following a
common flow. Moreover the sum of plate motions detected in the hot-spot reference frame indicates
that plates are moving westward’ relative to the mantle. A reference point within the mantle should
then move ‘eastward’ passing beneath different sections of the lithosphere, enabling a mantle source
to be located at different times under continental or oceanic lithosphere. This can also explain the
major differences between thrust belts related to subductions following or opposing the relative
‘eastward or northeastward’ mantle counter flow. These statements could provide a tool for the
Alps-Carpathian puzzle. The Alps are a thrust belt mainly related to an E-dipping subduction
following the ‘eastward’ mantle flow. They have high elevation, shallow foredeep, deep crustal rocks
involved and no back-arc basin. In contrast, the Carpathians are related to a subduction opposing
the ‘eastward or northeastward’ mantle flow, they have low elevation, deep foredeep, shallow rocks
involved and the Pannonian back-arc basin. The Central-Eastern Alps are characterized by dextral
transpression, the Western Carpathians by sinistral transpression. The Vienna Basin is located in the
area of transfer between the two systems controlled by different subduction polarity.

Keywords: tectonics, subduction zones, thrust belts, Alps-Carpathian system

1. Introduction

The relative motion vectors between lithosphere and underlying mantle
appear to follow global flow lines (Fig. 1) which can be constructed by linking
axes of extension and compression over the Earth’s surface [DOGLIONI 1990].
The flow lines of the last 40 Ma are generally WNW-ESE (E-W), with an
about 15 000 km wavelength undulation showing gradual and progressive

*  Presented at the ‘Alpine tectonic evolution of the Pannonian Basin and Surrounding mountains’
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Fig. 1. This map shows the inferred flow lines along which plates move relative to the underlying
mantle. These flow lines also indicate the westward polarity of plate motions (small black
arrows) relative to the eastward mantle flow (big white arrows). Note below that this global
tectonic polarity is responsible for the different dip of the subduction zones. The locations of
Fig. 2a and Fig. 2b are shown. [Modified after DOGLIONI 1990]

1 abra. A térkép a kopenyhez képest mozgé lemezek feltételezett aramlasi vonalait mutatja.
Ezek az dramlasi vonalak a lemezmozgasok nyugati polaritasat is jelzik (kis fekete nyilak) a
keleti irany( képenyaramléashoz képest (nagy fehér nyilak). Figyeljik meg a térkép alatti két
rajzon, hogy ez a globalis tektonikai polaritas okozza a szubdukciés z6nak eltéré lehajlasat. A 2a
és 2b abrak helyeit feltiintettik. [DOGLIONI 1990 nyoman]

Pue. 1. Ha KapTe noka3aHo Mpejnosnoraemoe HanpasfeHne ABUXEHUA NAUT OTHOCUTENIbHO
MaHTUU. JIMHUN TedeHUS MOKa3blBaOT TaKXe U 3anafHoe BUXeHUe MNANT (MeflKue YepHble
CTPeNKn) OTHOCUTENIbHO K BOCTOYHOMY MaHTUAHOMY TedeHUto (60nbline 6enble CTPENKK).
Mo pucyHKam, pacnosfiodXeHHbIM MO KapToi, MOXHO BbISBUTb, YTO 3Ta NPOTMBOMOMN0XHAasA
rno6anbHaa TEKTOHMYECKas NONSAPHOCTb BbI3bIBAET MPOTUBOMNOIOXKHOE HanpaB/eHne
cy6ayKunn. OTMeYeHbl Yy4acTKU, Noka3aHHble Ha Puc. 2a n 2b. [0 Doglioni 1990]
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variation in orientation. Plate tectonics can be analysed taking into account the
netwestward s.l. drift ofthe lithosphere relative to the mantle [LEPICHON 1968,
BOSTROM 1971, NELSON, TEMPLE 1972], which is not an artifact of a
particular hot-spot reference frame but a real physical observation which can
be produced in a toroidal field by the lateral heterogeneities both in the mantle
and in the lithosphere [RICARD et al. 1991]. On this basis plate tectonics may
be considered as a consequence of variable decoupling at the lithosphere base
as a function of the mantle anisotropies [DZEWONSKI 1984, RICARD, VIGNY
1989, DOGLIONI 1990]. Simply stated, when there is compression or trans-
pression between two plates, it is the eastern plate which moves faster west-
wards relative to the underlying sublithospheric mantle. If there is extension or
transtension, it is the western plate that moves faster westwards or, more
precisely, along the undulate global flow of the lithosphere. Lithospheric
subduction [Dewey 1981, Uyeda 1982, Von Huene, Lallemand 1990],
especially if it dips westward, produces an obstacle to the eastward flow of the
mantle [NELSON, TEMPLE 1972, UYEDA, KANAMORI 1979]. Plates move
following a well defined global tectonic pattem (Fig. 1) showing a major
undulation of motion between eastern Africa and western Pacific [MINSTER,
JORDAN 1978, GORDON, Jurdy 1986, DOGLIONI 1990]. The same plate
motion directions have been pointed out by geodetic satellite analysis [SMITH
etal. 1990]. This paper tries to compare the general features of thrust belts with
the subduction zones following (E- or NE-dipping) or contrasting (W- or
SW-dipping) the mantle flow (Fig. 1). This subdivision seems to be more
important with respect to the thickness and type of lithosphere involved in the
collisional processes.

An E-dipping subduction can start only if there is an original thinner
lithosphere to the west relative to a thicker lithosphere to the east. In contrast,
we need to activate a W-dipping subduction in the presence of a thinner
lithosphere to the east relative to a thicker one to the west. This is independent
of the nature of the subducted lithosphere (both oceanic and continental).
However the thinner and more oceanic lithosphere subducts more easily.
Lateral thickness variations are a first order factor in controlling the amount
and style of subduction. Moreover, longitudinal lithospheric variations in
thickness and composition are able to produce strong asymmetry along the
subduction zones, e.g. the Apennines which are characterized by a thin crust
in the lonian Sea and a relatively thicker crust in the Adriatic Sea to the north
along the W-dipping subducting slab.

2. Subductions versus thrust belts

E- (or NE-) dipping subductions follow the mantle flow (Fig. 1). They are
associated with thrust belts with huge exposures of basement rocks (also lower
crust), high structural and morphologic reliefs in contrast to limited and usually
shallow foredeeps (e.g. American Cordilleras, Western Alps, Dinarides,
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Zagros, Himalayas, Fig. 2d). The area of active compression may be very wide
(hundreds of lon), with extensional isostatic collapses in the internal core
[PLATT 1986, Dewey 1988]. Only in this kind of thrust belt have coesite-
pyrope-bearing assemblages and eelogites been found [CHOPIN 1984, WANG
et al. 1989], confirming that thrust sheets have detachment planes connected
with depths ranging between 20 and 30 kbars (almost the lithosphere base).
Collision should continue until the vertical lithostatic stress exceeds the hori-
zontal shear values.

W- (or SW-) dipping subductions contrast with the mantle flow. They are
instead associated with thrust belts involving high layers of the crust, back-arc
basins and very consistent foredeeps generated by the roll-back of the subduc-
tion hinge (e.g. West Pacific accretionary wedges, Barbados, Apennines,
Carpathians, Fig. 2b). W-dipping subductions are characterized by an eastward
migrating tectonic wave (back-arc extension to the west and compression to
the east). The extension continuously propagates and cross-cuts into the
previously formed thrust belt. The area of active compression in this kind of
thrust belt is very narrow (a few tens of km). Deep rocks may be involved in
this type of accretionary wedge only if they were in a high structural and
morphologic position before the onset of the W-dipping subduction (e.g. the
granulite rocks of Calabria which emplaced during an earlier Eoalpine E-dip-
ping subduction). The accretionary wedge is mainly formed by stacking of
upper layers of the lower plate.

Note that in the E-dipping subductions the basal and intralithospheric
décollements ofthe eastern actively thrusting plate are transmitted at the surface
and provide a mechanism for bringing deep crustal levels to the surface (Fig. 1),
whereas in the W-dipping subductions the base plate detachment is never
connected to the surface, but it is rather folded and subducted itself. In fact the
W-dipping case produces more superficial detachments in the accretionary
wedge spatially followed by an eastward migrating extensional wave.

The two types of thrust belts should be considered as two end members.
Oblique and lateral subductions (e.g. the Gibraltar arc, Betics and Maghrebides,
etc.) have to be further distinguished in between. In fact, thrust belts parallel or
slightly oblique to the mantle flow (Chaman transform zone, Central Alps,
Pyrenees, Maghrebides etc.) are in general connected to body forces and/or
second order rotations of blocks. Further distinctions have to be made on the
basis of the relative thickness and viscosity contrasts between colliding plates,
e.g. oceanic and continental (Andes) or continental collision (Himalayas): both
are related to subductions following the mantle flow, but they are associated
with different pre-existing lateral heterogeneities in the lithosphere which
control the amount and kind of subduction.

A third type of subduction and related thrust belt is that produced by
localized rotation of microplates, e.g. the counterclockwise rotation of Spain
which produced the Pyrenees. This kind of subduction does not generally
follow the mantle flow and is associated with very low or absent volcanism.

The origin of foreland basins in the two different thrust belts could
consequently be controlled by different geodynamic factors: In the E-dipping
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case with the load of the thrust sheets [QUINLAN, BEAUMONT 1984], whereas
in the W-dipping subduction, where the topographic load is insufficient to
generate deep foredeeps basins [ROYDEN, KARNER 1984], the subsidence is
allowed by the eastward retreating of the subduction hinge, due to the eastward
push of the mantle. Dextral transpressive subductions characterize E-W orien-
ted chains like the Central-Eastern Alps, the Betics and Maghrebides chains.
Then a third type of foredeep is that produced at the transpressive subductions
(e.g. the Venetian foredeep in front of the Southern Alps), or in front of thrust
belts produced by rotation of microplates (e.g. the Pyrenees).

W crystalline baserment E
widely involved in the thrust belt

2a
eastward migration very consistent
of extension / &/ compression foredeep
syntectonic
elastics :>
2b X X
crystalline basement
X X

Fig. 2. Main features and structural differences between thrust belts associated with E-dipping
(2a) and W-dipping (2b) subductions
2. abra. A kelet felé (2a) és a nyugat felé (2b) hajlé szubdukciékhoz kapcsol6dé gylir6déses dvék
f6 vonasai és a kozottik 1évé szerkezeti killonbségek
Puc. 2. XapaKTepuCTUKa U rnaBHble CTPYKTYPHble Pa3nyuma CKNagyatbiX NOSCOB,
CBsI3aHHbIX C BOCTOYHOW (2a) 1 3anagHoli (2b) cybnykuueit
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3. Discussion

E-dipping subductions almost evetywhere activate a backthrusting accre-
tionaiy wedge, like all the southern and northern American Cordilleras. Con-
sequently these E-vergent thrust belts with metamorphic core complex (e.g.
Rocky Mountains) are related to E-dipping subductions and have to be
distinguished from E-vergent thrust belts associated with W-dipping subduc-
tions characterized by the shallow rocks involved [e.g. the Apennines, BALLY
et al. 1986]. We can also note that in W-dipping subductions the tangent to a
pre-deformation marker descends into the trench, while in E-dipping subduc-
tions the same marker would rise towards the hinterland (Fig. 2). Moreover
from the lithology of old thrust belts we could reconstruct whether they were
formed during E- or W-dipping subductions: the deep rocks ofthe Caledonides
should then have been formed with a subduction following the mantle flow.
From the present orogenic belts and from their associated subduction we can
predict the pre-existing shape and geographical position of the lithospheric
stretching: this is a new tool in the reconstruction of Tethyan basins. Another
consequence ofthe model is that magma sources positioned in the mantle might
continuously move along the flow lines, i. e. bringing the continental mantle
beneath the oceanic crust (Fig. 5).

Fig. 3. Schematic representation of the westward rotation of plates relative to the underlying
mantle. Note that the reference point in the mantle is continuously moving below a different
lithosphere
3. dbra. A lemezek kdpenyhez viszonyitott nyugati iranyd forgasanak vazlata. Figyeljik meg,
hogy a kopenybeli referenciapont mindig mas litoszféra ala mozdul el
Puc. 3. Cxema 3anagHoli poTaumm NAMT 0THOCUTENBHO K MaHTUW. Habnogaertca, 4to
MaHTUIHaa ToYKa OTHOCUTENbHOCTU ABMXETCA MOA PasHbIMU NUTOCHEPHLIMU 6aoOKaMu
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4. Regional application of the model

We now try to investigate the Alps-Carpathian system in terms of the
global tectonic pattem. For a recent review of the two main features, see
ROYDEN, HORVATH [1988] and COWARD et al. [1989] and references therein.
In the Carpathian-Pannonian basin, subsidence starts at the Badenian
(16.5 Ma), and thrusting in latest Oligocene-early Miocene. ROYDEN et al.
[1982] described an eastward migration of the volcanic activity, a current
vertical slab, estimated by fault plane solutions, and a downbending of the
subducted plate. The estimated extension (75 km west Carpathians — 100 km
east) is comparable to the synchronous crustal shortening and the foredeep is
about 8 km deep [ROYDEN, KARNER 1984].

Farther west, the NE-dipping Dinaric subduction started at least in the Late
Cretaceous times and partly stopped in the Miocene [BURCHFIEL 1980]. The
dipping of the slab is gentle and the foredeep depth ranges between 3-4 km.
Due to the lack of data, no estimation of the shortening has been published.
The Variscan basement widely crops out in the internal zone.

On the other side of the Adriatic Sea the Northern Apennines, character-
ized by a W-dipping subduction, display a completely different geometry. The
foredeep is quite deep like in the Carpathians, up to 8 km at the Messinian
reflector, and the strong flexure of the subducting plate cannot be explained by
the topographic load of the chain [ROYDEN, KARNER 1984]. Even if the
basement has to be involved in depth by the thrusting, it never crops out (apart
from limited internal zones, e.g. Apuane Alps, Tuscany), and the main décol-
lement level is the top of the Trias and the thrust sheets are formed by the
sedimentary cover.

Recentdeep seismic data ofthe Alps allowed new structural interpretations
of the chain. In the Alpine section, W-vergent thrusting cutting throughout the
crust into the mantle supports the ‘obduction’ of the Adriatic plate on to the
European foreland. The Alps are the product of the Late Cretaceous to the
present closure of a lithosphere thinned during Late Permian-early Middle
Mesozoic. In spite of several paleogeographic problems, we shall try to analyse
alpine tectonics in terms of relative activity of the décollement at the base of
the lithosphere. During the initial phases of extension the western European
continent should have had a plane of detachment more active with respect to
the eastern Adriatic plate in order to produce the Tethyan rifting. The Creta-
ceous inversion [DAL PIAZ etal. 1972, POLINO et al. 1990] would correspond
to the inversion of the relative velocity which should become greater at that
moment beneath the Adriatic plate. Kinematic indicators in the Central Alps
give a dominant E-W or NW-SE sense of relative motion from Late Creta-
ceous time [PLATT etal. 1989] suggesting that the motions of Adria and Africa
were more or less independent from that time and characterized by different
amounts of decoupling at their base. The plate margins evolved through time
as a function of differences in plate velocity, e.g. the northern Adriatic plate
margin was represented by the Austroalpine units during extensional phases
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and Eoalpine and probably Mesoalpine inversion, while it is now represented
at the surface by the Insubric Lineament which is the present boundary of
relative plate velocity contrast. In order to get dextral transpression along the
Insubric fault zone we need a greater detachment at the Adriatic plate base with
respect to the European one. Extension occurred within the Alpine edifice and
around it at different stages of the orogenic evolution [e.g. the Oligocéne phase,
LAUBSCHER 1983]. This extension [DAL PIAZ 1976] has also been interpreted
as due to isostatic re-equilibrations [PLATT 1986, DEWEY 1988]. Another
possibility is that the load and the thickening ofthe lithospheric doubling in the
E-dipping subductions would produce a disactivation (or decrease) of the
detachment at the base of the eastern plate, generating a relatively greater
westward drift of the western plate, which is responsible for extension. In other
words, the collision should pass alternating phases of compression or extension
as a function of the activity of the basal (or intra) lithospheric detachments.
Fig. 4 presents a schematic picture of the Neogene to recent Alps-Carpathian
system pointing out that the main frame might be analysed in terms of different
westward decoupling of the lithosphere relative to the mantle.

The Mediterranean region might be interpreted in terms of differences of
the base lithosphere decoupling [DOGLIONI etal. 1991]. The detachment occurs
at the base of an anisotropic and segmented lithosphere which overlies an
eastward (northeastward) directed mantle flow. This is in agreement with the
general eastward rejuvenation of extension and magmatism observed in the
Central-Western Mediterranean. The region is located within the global undu-
lation of the flow lines interpreted as generated by the instability of the rotation
axis. In fact the main motion of the mantle relative to the lithosphere seems to
be E-W directed in the western Mediterranean, gradually changing to ENE-
WSW trends [MaNTOVANI et al. 1987] in the eastern regions. Regional
variations in the general trend may be interpreted as due to body forces like
transpressions or transtensions (e.g. the Central-Eastern Alps, the Betics and
Maghrebides, or the Southern Carpathians) or to second order tectonic fields
produced by rotations of microplates (e.g. the Pyrenees) which could generate
for instance N-S compressions. The Mediterranean tectonics isa good example
of lateral variations in lithosphere thicknesses and compositions, which are
fundamental factors in controlling the rate of subduction and the relative
velocities among plates.

5. Concluding remarks

The model described in the previous sections is applicable to the Mediter-
ranean where the eastward or northeastward relative migration of the under-
lying mantle with respect to an inhomogeneous disrupted lithosphere could
explain the puzzling tectonic evolution ofthis area [DOGLIONI etal. 1991]. The
geodynamics is comphcated by N-S compressions resulting from second order
rotations (e.g. Spain and Adriatic plates) and transpressions induced by body
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Fig. 4. Schematic picture of the Neogene to recent Alps-Carpathian system analysed in terms of
different relative westward velocities of the lithosphere relative to an eastward-northeastward
directed mantle flow. Note that the back-arc extension in the Pannonian Basin is a direct
consequence of the eastward retreating of the W-dipping subduction hinge zone due to the
eastward push generated by the mantle flow. Note that the Vienna Basin is the area of separation
between the relative plate motions producing dextral transpression in the Central-Eastern Alps
and sinistral transpression in the Western Carpathians. [After DOGLIONI et al. 1991]

4. dbra. A keleti-északkeleti irany( képenyaramlashoz képest nyugat felé mozgé
litoszféralemezek sebességkiilonbségei alapjan megrajzolt vazlat az Alpok-Karpatok rendszer
kialakulasardl a neogéntél napjainkig. Figyeljuk meg, hogy az iv mogotti extenzié a Pannon
medencében kodzvetlen kdvetkezménye a nyugat felé hajlé szubdukciés zéna keleti iranyd
hatralasanak, amelyet a képenyaramlas keleti irdnyl toléhatasa eredményez. Lathatd, hogy a
Bécsi medence a Kézép-Kelet-Alpokban jobbos, a Nyugati-Karpatokban pedig balos
transzpressziot okozé relativ lemezmozgésokat elvalaszté teriilet. [DOGLIONI et al. 1991 nyoman]

Puc. 4. Cxema npoucxoxaeHna Anbnuiicko-KapnaTcKoii cUcCTeMbl C HEOreHa o
COBPEMEHHOCTW, NMOCTPOEHHAsA MO Pa3sHOCTM CKOPOCTM 3anafiHoro ABUXEeHUSA NUTOCHePHbIX
NANT OTHOCUTENIbHO MaHTUITHOMY TeyeHMto. O6HapyXXuBaeTcs, YTO 3afy>KHasa IKCTEHCUS B
MaHHOHCKOM 6acceiiHe ABNAETCA HEMNOCPEACTBEHHbLIM CNeACTBMEM MepeMeLLeHNst Ha BOCTOK

30HbI CYOAYKLMY C 3anafjHbIM CK/IOHEHWEM, YTO CBSA3AHO C BOCTOUYHbLIM [iBUXEHUEM
MaHTUIAHOrO TeyeHMs. MoKasaHo, YTo BeHCKMIT 6acceiiH ABNAETCA Y4acTKOM,
pasgensaowmnm LieHTpanbHble-BocToUHbIE AfbNbl, F4e OTHOCUTENIbHOE ABUXEHUE NANT
BbI3bIBaET NpaBylo TpaHcnpeccuto, oT 3anagHbix Kapnat, rae OHO NPUBOANT K NeBOWA
TpaHcnpeccun. [Mo Doglioni et al. 1991]

forces. The present Mediterranean or Alpine-Carpathian shape (Fig. 4) is a
direct function of the inherited Mesozoic lateral heterogeneities of the litho-
sphere, which are, in turn the key point for relative differences in velocity and
subduction. LAUBSCHER [1988] and ROTBEN and BURCHFIEL [1989] pointed
out the main differences between ‘Alpine’ thrust belts (push arc) and ‘Apen-
ninic or Carpathian’ thrust belts (pull arc). These differences may be interpreted
as a consequence of the different position and behaviour of the detachment
planes in west or east dipping subductions.



262 Carlo Doglioni

Acknowledgements

This paper is a summary of the talk presented at the Balatonszabadi
Workshop on ‘Alpine tectonic evolution ofthe Pannonian Basin and surround-
ing mountains’, September 1990.1want to thank A. BALLY, R. CATALANO,
G. V. Dal Piaz,B. D’argenio, R Horvath, F. Ghisetti, Y. Ricard and
R. SABADINI for the useful discussions. The Italian MURST and CNR support-
ed this research.

REFERENCES

Bally A.W.,BurbilL.,Cooper C., Ghelardoni R. 1986: Balanced sections and seismic
reflection profiles across the central Apennines. Mem. Soc. Geol. It. 35,
pp. 257-310

BOSTROM R. C. 1971 : Westward displacement ofthe lithosphere. Nature 234, pp. 356-538

BURCHFIEL B. C. 1980: Eastern Alpine system and the Carpathian orocline as an example
of collision tectonics. Tectonophysics 63, 1-4, pp. 31-62

Chopin C. 1984: Coesite and pure pyrope in high grade blueschists of the Western Alps:
A first record and some consequences. Contrib. Mineral. Petrol. 86, pp. 107-118

Coward M. P, Dietrich D., Park R. G. (eds.) 1989: Alpine Tectonics. Geol. Soc. Spec.
Publ. No. 45

Dal Piaz G. V. 1976: Alcune riflessioni sull’evoluzione geodinamica alpina déllé Alpi.
Rend. Soc. It. Min. Petr. 32, pp. 380-385

Dal Piaz G. V., Hunziker J. C., Martinotti G. 1972: La Zona Sesia-Lanzo e
I’evoluzione tettonico-metamorfica déllé Alpi nordoccidentali interne. Mem. Soc.
Geol. It., 11, pp. 433-490

Dewey J. F. 1981: Episodicity, sequence and style at convergent plate boundaries. In:
Strangeway (ed.): The continental crust and its mineral deposits. Geol. Assoc.
Canada Spec. Pap. 20, pp. 553-573

Dewey J. F. 1988: Extensional Collapse of Orogens. Tectonics 7, 6, pp. 1123-1140

Doglioni C. 1990: The global tectonic pattern. Journal of Geodynamics 12,1, pp. 21-38

Doglioni c., Moretti |, Roure F. 1991: Basal lithospheric detachment, eastward
mantle flow and Mediterranean geodynamics: a discussion. Journal of Geody-
namics 13, 1, pp. 47-65

Dziewonski A. M. 1984: Mapping the lower mantle: Determination of lateral heteroge-
neity in P velocity up to degree and order 6. J. Geophys. Res. 89, B7, p. 10

Gordon R. G., Jurdy D. M. 1986: Cenozoic global plate motions. J. Geophys. Res. 91,
B12, pp. 12389-12406

Laubscher H. P. 1983: The Late Alpine (Periadriatic) intrusions and the Insubric Line.
Mem. Soc. Geol. It. 26, pp. 21-30

Laubscher H. P. 1988: The arcs of the Western Alps and the Northern Apennines: an
updated view. Tectonophysics 146, 1-4, pp. 67-78

Le PICHON X. 1968: Sea-floor spreading and continental drift. J. Geoohys. Res. 73, 12,
pp.3661-3697

Mantovani E., Albarello D., Mucciarelli M. 1987: Interrelation between the
seismicity of the Calabrian and Balkan areas. Ann. Geophys. 5B, 2, pp. 143-148

Minster J. B., JORDAN T. H. 1978: Present-day plate motions. J. Geophys. Res. 83, Bl 1
pp.5331-5356



Comparison ofsubduction zones... 263

Nelson T. H., Temple P. G. 1972: Mainstream mantle convection: A geologic analysis
of plate motion. AAPG Bulletin 56, pp. 226-246

Pratt J. P. 1986: Dynamics of orogenic wedges and the uplift of high pressure metamor-
phic rocks. Geol. Soc. Amer. Bull. 97, pp. 1037-1053

Pratt J. P,, Behrmann J. H., Cunningham P. C., Dewey J. F., HeIman M., Parish
M., Shepley M. G., Wallis S., Weston P. J. 1989: Kinematics of the Alpine arc
and the motion history of Adria. Nature 337, 6203, pp. 158-161

Polino R., Dal Piaz G. V., Gosso G. 1990: Tectonic erosion at the Adria margin and
accretionary processes for the Cretaceous orogeny in the Alps. Mem. Soc. Geol.
France, 156, pp. 315-367

Quintan G. M., Beaumont C. 1984: Appalachian thrusting, lithospheric flexure, and the
paleozoic stratigraphy of the Eastern Interior of North America. Can. J. Earth Sei.
21, pp. 973-996

Ricard Y., Doglioni C., Sabadini R. 1991: Differential rotation between lithosphere
and mantle: a consequence of lateral mantle viscosity variations. J. Geophys. Res.
96, B5,pp. 8407-8415

Ricard Y., Vigny C. 1989: Mantle dynamics with induced plate tectonics. J. Geophys.
Res. 94, B12, pp. 17543-17559

Royden L. H., Horvath F., Burchfiel B. C. 1982: Transform faulting, extension and
subduction in the Carpathian Pannonian region. Geol. Soc. Amer. Bull. 93,
pp. 717-725

ROYDEN L. H., Horvath F. (eds.) 1988: The Pannonian Basin. AAPG Memoir 45, 394 p.

ROYDEN L. H., Burchfiel B. C. 1989: Are Systematic Variations in Thrust Belt Style
Related to Plate Boundary Processes? (The Western Alps versus the Carpathians).
Tectonics 8,1, pp. 51-62

Royden L. H., Karner G. D. 1984: Flexure of the lithosphere beneath Apennine and
Carpathian foredeep basins: Evidence for an insufficient topographic load. AAPG
Bulletin 68, 6, pp. 704-712

Smith D. E., Kolenkiewicz R., Dunn P. G., Torrence M. H., Robbins J. W., Klosko
S. M., Williamson G., Pavlis E. C., Douglas N. B., Fricke S. K. 1990: Tectonic
Motion and Deformation from Satellite Laser Ranging to LAGEOS. J. Geophys.
Res. 95, B13, pp. 22013-22041

Uyeda A. 1982: Subduction zones: an introduction to comparative subductology. Tecto-
nophysics 81, 3-4, pp. 133-159

Uyeda s. Kanamori H. 1979: Back-arc Opening and the Mode of Subduction. J.
Geophys. Res. 84, B3, pp. 1049-1061

Von Huene R., Lallemand S. 1990: Tectonic erosion along the Japan and Peru
convergent margins. Geol. Soc. Am. Bull. 102, 6, pp. 704-720

Wang X., Liou J. L., Mao H. K 1989: Coesite-bearing eclogite from the Dabie Mountains
in central China. Geology 17, pp. 1085-1088



264 Carlo Doglioni

A SZUBDUKCIOS ZONAK ES A GLOBALIS TEKTONIKA
OSSZEHASONLITASA: AZ ALPOK-KARPATOK RENDSZER
KIALAKULASANAK EGY LEHETSEGES MAGYARAZATA

Carlo DOGLIONI

A lemezek nyilvanvaléan nem rendezetleniil mozognak a Foéld felszinén, hanem egy k&zés
aramlasi iranyt kévetnek. S6ét a hot-spot vonatkoztatasi rendszerben megfigyelt lemezmozgasok
0sszege azt mutatja, hogy a lemezek a kdpenyhez képest ,,nyugat felé” mozognak. igy egy
kdpenybeli vonatkoztatasi pontnak a litoszféra kiilonb6z6 részei alatt elhaladva ,,kelet felé” kell
mozognia, igy ugyanaz a kdpenybeli forras kiilonb6z6 idépontokban egyszer a kontinentalis, maskor
az 6ceani litoszféra alatt talalhaté. A fenti elmélet megmagyarazhatja a ,,keleti vagy északkeleti”
kopenyaramlassal azonos, illetve ellentétes iranyl szubdukcidkhoz kapcsol6dé gy(irédéses 6vék 6
kulonbségeit. Ezen allitasok segitségével kozelebb juthatunk az Alpok-Karpatok rendszer megér-
téséhez. Az Alpok egy olyan gylir6déses 6v, amely a ,,keleti” képenyaramlassai azonos iranyd, kelet
felé hajlé szubdukci6hoz kotédik. Nagy tengerszint feletti magassag, sekély el6téri medence, a kéreg
mélyebb részeib6l szarmazo kézetek és az iv mogotti medence hianya jellemzik. A Kéarpatok ezzel
ellentétben a , keleti-északkeleti” kopenyaramlassal szemben véghement szubdukciéhoz kapcsol6-
dik, igy kisebb tengerszint feletti magassag, mély elgtéri medence, kis mélységbdl szarmazé kézetek
és a Pannon, iv moégotti medence jellemzik. A Kozép-Kelet-Alpokban jobbos transzpresszié, mig a
Nyugati-Karpatokban balos transzpresszié figyelheté meg. A Bécsi medence e két kiilonb6z6
iranyitottsagl szubdukcids rendszer altal kijelolt &tmeneti teriileten helyezkedik el.

COMOCTAB/NEHUE 30H CYBAYKLUUUN N TNOBANTBHOM TEKTOHUKMW:
BO3MOXHOE OBbACHEHWUE MPOUCXOXAEHWS
ANbMUNCKO-KAPMNATCKOW CUCTEMBI

Kapno AONTBbEHN

OBUXeHNEe NANT Ha MOBEPXHOCTM 3eMNIM ABHO He ABNAAeTcA 6ecnopsAfoYHbIM, a
COOTBETCTBYET HEKOTOpPOMY 06uWeMy HanpaBneHuto. CymmupoBaHue Habnojaemblx
OBUXEHUIA KOpbl NOKa3blBaeT, YTO MANTbI ABUXYTCA B 3anafHoe Hanpas/eHne 0THOCUTENbHO
MaHTuW. CnefoBaTesibHO, €C/IM TOUKY OTHOCUTENBLHOCTM Pa3MeCTUTb B MaHTUIO, TO OHA JO/IKHA
[ABUTaTbCsl Ha BOCTOK MOJ PasHbIMW 4acTAMU NMTOCHEPbl, U NMO3ITOMY TOT XXe WCTOYHUK B
pasHoe BPeMS MOXeT HaXoAMTbCA KakK W NoJ OKeaHWYecKoW, TakK U Noj KOHTWUHEHTasIbHOM
nuTocthepoil. Takas rmnoTesa MoOXeT 0GBACHUTb PasNMuMa MeXay CKiagyaTbiMU nosicamu,
CBAI3aHHbIMW € CY6AYyKLMel Mo HanpaB/ieHWI0 COFNIACHON M NMPOTUBOMOOXHOM BOCTOUHOMY
WY CeBEPO-BOCTOYHOMY MaHTUHOMY TeUeHUWt0. MpuUMeHeHre TaKoi TMNoTe3nm cnoco6eTByeT
MHTepnpeTauun Anbnuiicko-KapnatcKkoii cuctembl. ANbNUACKUIA cknag4vaTblii Nosic cBsi3aH ¢
cy6ayKumeli B BOCTOYHOM HanpasfeHWM, T.e. B HaNpaBAeHUM MaHTUHBbIX TEYEHUN.

OH xapaKTepu3yeTcsi 3HAUYMTeNbHOW BbICOTOM HaZ YPOBHEM MOpPs, HErny6oKoi
npejropHoii BnaguHOW, HanuumMem nopoj, 06pasoBaBLUMXCS B ry60KUX 30HAX Kopbl U
OTCYTCTBMEM 3afyXHoro GacceiiHa. Hao6opoT, KapnaTbl cBsizaHbl C cy6ayKuueii B
NPOTUBOMOMIOXXHOM MaHTUAHbIM TEYEHUAM HanpaBfeHUM U XapaKTepusylTcs MeHbLUei
BbICOTOW, rny6oKol NpefropHO BnajguHoi, nopogamu, o6pa3oBaBLUMMUCS B HEGO/bLUOWA
rny6uHe, n Hannumem MaHHOHCKOI0 —3aAyXHoro —6acceiiHa. B LleHTpanbHbIX-BOCTOUHbIX
Anbnax Hab6nopaeTcs npasas, a B 3anafgHbix Kapnatax—ieBas TpaHcnpeccusi. BeHckuii
facceiiH HaXo0AUTCA HA MPOMEXYTOUHOW TEPPUTOPUN MeXAY LBYMSI cUCTeMamu.



