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Abstract: Gravity and other geophysical data suggest that a fragment of oceanic crust is
preserved under the eastern part of the Polish Carpathians. Results of gravity modelling are well
compatible with the concept of southward subduction of the northern lithospheric plate. Several
linear and areal tectonic elements are identified and three-dimensional density model of the crust
and upper mantle is presented for the area of the Polish Carpathians.
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INTRODUCTION

Results of two-dimensional gravity modelling of the Earth’s crust and upper
mantle along two profiles crossing the Polish Carpathians were presented by the
authors in earlier papers (Bojdys et al., 1983; Bojdys & Lemberger, in press b).
The results of the two-dimensional modelling, after small correction of the earlier
results, were extended into a three-dimensional model. The presentation of the
model is preceded by general considerations regarding the nature of the crust beneath
the Polish Carpathians.

GENERAL REMARKS ON THE NATURE OF THE CRUST
AND UPPER MANTLE IN THE CARPATHIANS

The two-dimensional modelling along the Krakéw—Zakopane profile (Bojdys
et al., 1983) and the Baligrod—Radymno profile (Bojdys & Lemberger, in press b)
was based mainly on gravity surveys but also on results of deep seismic soundings,
magneto-telluric soundings, refraction seismics, density data, and geological infor-
mation. The resultant curves of gravity effect fit the Agy variations measured along
the profiles well enough to accept the models.
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The structure of the crystalline part of the crust was approximated as consisting
of two layers: the upper one of density 2.7 g/cm? (called “granitic layer’’), and the
lower of density 2.9 g/cm? (called ‘‘basaltic layer’’). The main conclusions stemming
from the two-dimensional modelling are listed below:

1) Mean density of sedimentary rocks is 2.63 g/cm?® as was calculated for the
Krakéw—Zakopane profile and confirmed during the modelling of the sedimentary
rocks along the Baligrod—Radymno profile (Bojdys & Lemberger, in press a)
accordingly with the geological cross-section by K. Zytko (in: Mtynarski et al.,
1982). :

2) Density of the upper mantle decreases southwards from 3.3 g/cm? in the north
to 3.21 g/cm? in the south, due to the underthrusting of the northern plate beneath
the southern one in the zone of the Peripienine lineament (cf. Bojdys et al., 1983).

3) Crystalline part of the crust is of density 2.9 g/cm? throughout its thickness,
close to the Baligréd—Radymno profile, and this suggests the oceanic nature of
this crust and so it is reffered to in the sequel.

4) In the area where the crust is of oceanic nature, the top of the crystalline
basement is lowered to the depth between 10 and 20 kilometres and the resultant
depression is filled to the depth of 5—10 km with metamorphosed sedimentary
rocks of density 2.7 g/cm® and of very high electric conductivity in their lower part.

5) The Carpathian gravity depression is due to several superimposed factors
and its main source should be in the relief of deep phase boundaries.

6) A deep-seated tectonic fracture runs submeridionally near Nowy Sacz and
Krynica (¢f. Bojdys et al., 1983, fig. 5).

The concepts of plate tectonics have been repeatedly employed to explain the
origin of the flysch Carpathians. Many authors postulated a Tertiary subduction
zone along the Pieniny Klippen Belt (e.g. Dewey & Bird, 1970; Ney, 1976; Kislow &
Pottowicz, 1976; Ksiazkiewicz, 1977; Sikora, 1976). Prevailing was the concept of
oceanic part of the Eurasian plate being subducted beneath the sialic plate of the
Inner Carpathians (e.g. Birkenmajer, 1976; Boccaletti et al,, 1974; Ney, 1976;
Sikora, 1976; Tokarski, 1980). The opposite sense of subduction was suggested
by Ksiazkiewicz (1977) who accepted the possibility that the oceanic crust of the
Mecsek trench area was underthrusting as far as the flysch basin of the Outer Car-
pathians. A similar oppinion was accepted by Pospisil (Addm & Pospisil, 1984).
Ksiazkiewicz (1977) and Ney (1976) accepted also the possibility of underthrusting
of one sialic block by another, i.e. the kind of subduction postulated by Amstutz
(1955).

The results of the authors’ modelling conform the opinions on the role of sub-
duction in the Carpathian orogeny. The considerations on the density distribution
in the crust (Bojdys et al., 1983) speak in favour of the southerly directed subduction.
The results of modelling along the Baligrod—Radymno profile suggest also that
oceanic crust was present in the underthrusted northern plate. The analogies existing
between the results of magneto-telluric soundings and refraction seismics along the
Baligréd —Radymno profile and the Vth International Deep Seismic Sounding
(DSS) Profile (Sollogub, 1978) permit suggestion that also in the lstter profile an
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oceanic crustal fragment is present, albeit it is more restricted in size. Additional
modelling of the crust was made along the profiles Jadliska— Blazowa and Jasliska —
Mielec (location in Fig. 1). The same assumptions on density contrasts and on the
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Fig. 1. Map of gravity anomaly after Jamrozik (1965) and Bednaf e al. (1980). Contour distance

5 milligals. ¥— ¥ — Vth International DSS Profile; F— F — Baligrod—Radymno profile; H— H —

Jasliska—Blazowa profile; J—J — Jasliska— Mielec profile; K—K — Krakow— Zakopane profile;
1 — state boundary

general structure of the crust and upper mantle were accepted in order to test the
validity of the extrapolation of the results of modelling along the Baligrdd—Ra-
dymno profile as far as the Vth International DSS Profile. The calculated gravity
effects of the additional models fit the curves of the measured Agp variations (Figs 2
and 3). This corroborates the assumption that the general outline of crustal structure
in the vicinity of the additional profiles is the same as along the Baligr6d —Radymno
profile.

The crust of oceanic type beneath the flysch basin was assumed by Radulescu &
Sdndulescu (1973) and by Sikora (1976). Especially worth of mention in the context
of the results of crustal modelling is the thesis forwarded inz. al. by Dolenko &
Danilovi¢ (1976) that the zone of high electric conductivity corresponds to the ter-
mination of oceanic crust beneath the flysch basin. Mar y authors assume that the
deposits of the Pieniny Klippen Belt were laid down on oceanic crust (Dewey et
al., 1973; Radulescu & Sindulescu, 1973; Ney, 1976; Grubi¢, 1974). The opinions
diverge, however, on this subject, and Ksiazkiewicz (1977) casts doubts on the oceanic
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Fig. 2. Model of crust and upper mantle along Jasliska—Blazowa profile. I — curve of observed

Agp anomaly after regional map by Jamrozik (1965); 2 — curve of observed Agp anomaly after

regional survey by Maryniak (1951); 3 — curve of gravity effect of the model; 4 — top of sedimentary

rocks of density 2.7 g/cm3; 5 — other density boundaries; 6 — top of crystalline basement after

seismic refraction and magnetotelluric soundings; 7 — discontinuity (fracture?) zones in the crust;

RPP — Peripienine fracture, RPK — Pericarpathian fracture. Zig-zag line is the graphic represen-
tation of horizontal density gradient in upper mantle
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crust in the outer part of the Carpathians. He bases his opinion on the concepts
of Hertz & Savu (1974) who proposed the origin of the oceanic crust by spreading
within the Inner Carpathians, between the Moldavian platform and Pannonia.

The discussion presented above demonstrates that the results of gravity modelling
agree with many geological concepts and in consequence some remarks on crustal
and upper mantle structure in the Polish Carpathians are proposed, taking into
account the informations obtained from the models (Bojdys & Lemberger, 1983,
in press a, b).

The most important tectonic zones, expressed at Moho, are (Fig. 4): (1) the
Peripienine fracture zone of Sikora (1976), (2) the W—W and B—B zones of Bojdys
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Fig. 4. Tectonic sketch-map of crustal structure in Polish Carpathians. I — fracture zones (RPP —
Peripienine fracture zone); 2 — probable tectonic zones; 3 — G—G line — northern boundary of
the oceanic crustal fragment in the northern plate; 4 — northern boundary of the lowered fragment
of Earth crust; 5 — inferred northern boundary of the lowered fragment of Earth crust; 6 — area
of thickened crust in southern plate; 7 — lowered crustal fragment; 8 — area of oceanic crustal
fragment in northern plate; 9 — state boundary. ¥— V' — Vth International DSS Profile, F—F —
Baligrod —Radymno profile, H—H — Jasliska—Blazowa profile. Profile symbols as in Fig. 1
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et al., (1983), (3) the hypothetical D—D zone inferred from contour shapes on Bouger
anomaly map.

The most important structural element seems to be the crustal fragment having
oceanic characteristics, mentioned above, together with the areally related to it
transitional complex between the crust and upper mantle — the zone of phase tran-
sitions (shown as having density 3.13 g/em® in Figs 2 and 3; cf. Bojdys & Lember-
ger, in press b).

The results of modelling along the profiles Baligréd—Radymno (Bojdys &
Lemberger, in press b), Jasliska—Blazowa (Fig. 2) and Jadliska—Mielec (Fig. 3),
the results of deep seismic soundings along the IlIrd International DSS Profile (Sollo-
gub, 1978; Bojdys & Lemberger, in press b), and the results of magnetotelluric
soundings along the profile F and the Vth International DSS Profile (Pawliszyn—
Swiecicka, 1980), all permit to draw some conclusions regarding the oceanic crustal
fragment beneath the Outer Carpathians:

1 — the zone AL— AT AIV__ AI(line G—G in Fig. 4) is the northern bounda:y
of the oceanic crustal fragment,

2 — the crustal fragment of this type extends between the line G—G and the
Peripienine fracture zone,

3 — this crustal fragment extends farther eastwards than the IlIrd Intesnational
DSS Profile;

4 — results of modelling along the Krakéw—Zakopane profile additionally indi-
cate that the discussed crustal fragment is already very thin between this profile
and the Vth International DSS Profile, or even the continental fragments of both
lithospheric plates have already directly collided with one another in this area.

As there is no information to control the course of the G—G line in Fig. 4 bet-
ween the profiles we can not exclude a possibility of a rapid change in width of the
discussed crustal fragment on tectonic zones D—D and W—W.

The oceanic crustal fragment is probably overlain with metamorphosed sedi-
ments of mean density about 2.7 g/cm3 which in their top part have elastic properties
close to those of the so called “granitic layer”” and in their lower part have high electric
conductivity.

The results of the two-dimensional modelling suggest a possible occurrence of
a lowered crustal block of continental type (Fig. 4) extending along the G—G line
on its northern side and marked in the Krakéw—Zakopane profile by steep, sovth-
ward dips of the density horizons. Farther to the north the crust is of continental type
and simple structure.

The extensive gravity minimum, well visible on the Ag, map (Fig. 1) in the area
of the Tatra Mts and south of them is explained by the authors (Bojdys et al., 1983)
by Moho depression on the southern plate, delimited by the tectonic zones B—B,
W—W and the Peripienine fracture zone.

The results of modelling indicate that north of the lowered continental crustal
block Moho has a low relief and its depth varies from 38 km in the west to ca. 42 km
in the east, and is 5—7 km deeper in the lowered area. Within the limits of occur-
rence of the oceanic crustal fragment the depth of Moho may attain ca. 54 km. Al-
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though the two-dimensional models are highly simplified in their parts representing:
the Slovak territory, it may be inferred that south of the Peripienine fracture zone
Moho is at depth of 28—30 km and gently rises to the south. The exception is the
southern surrounding of the Tatra Mts, where Moho is depressed to ca. 35 km, as.
was mentioned above.

It may be concluded that the agreement of the basic density and structural assum--
ptions and the good correlation between the neighbouring profiles indicate that the
interpretations are valid not only for the close vicinities of the modelled profiles.
but also for the areas between the profiles and thus permit three-dimensional mo-.
delling.

BASIC ASSUMPTIONS OF THREE-DIMENSIONAL MODEL

The three-dimensional model, just as the two-dimensional ones is a layered model
defined, in general, by three density boundaries: (a) Moho, (b) the boundary between
the “granitic layer’” and the ‘“basaltic layer’ referred to as “Conrad surface”, and
(c) a surface which forms the top of the “granitic layer”” — referred to as the top of
the crystalline basement. It should be also remarked that the prismatic form of the
model does not reflect the authors’ opinion on the blocky structure of the Carpa-
thians, but results from the prismatic mode of imaging the modelled surfaces.

The model accounts also for the horizontal density gradient in the upper mantle,.
following the indications from the modelling along the Jasliska— Mielec, Jasliska—
Btazowa and Baligréd —Radymno profiles. The density values accepted for separate
materials are those used in the two-dimensional modelling.

The construction of the three-dimensional model was based on:

1) two-dimensional crustal models (Bojdys et al., 1983; Bojdys & Lemberger,
in press a, b),

2) results of interpretation of Agy map (Bojdys ez al., 1983),

3) map of the refraction horizon related to the top of consolidated basement
(Przedsigbiorstwo ..., 1977), \

4) tectonic sketch map of the Earth’s crust in the Polish Carpathians, prepared
by the authors,

5) other available geological and geophysical data, partly used in the construc-.
tion of the two-dimensional models.

The following structural assumptions were considered during the construction
of the model:

1) the northern plate plunges under the southern one at the Peripienine fractuie
zone,

2) there is a subduction-related horizontal density gradient in the upper mantle,

3) there is an oceanic crustal fragment in the eastern part of the Polish Carpa-
thians and a zone of phase transitions in the same area (of density 3.13 g/cm?3),.

4) the oceanic crust is overlain by metamorphosed sediments of mean density
2.7 g/cm3.

Figures 5—7 show models of successive surfaces: Moho (including the horizontal
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Fig. 5B. Model of Moho, upper mantle and area of phase transitions. Blockdiagram (view from SW)
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density gradient in the upper mantle and the zone of phase transitions; Fig. 5A, B)..
“Conrad surface” (Fig. 6A, B), and the top of crystalline basement (Fig. 7A, B).
The latter represents the top of the metamorphosed sediments of density 2.7 g/cm?3,
in the area where the oceanic crustal fragment occurs. The Peripienine fracture zone
(Sikora, 1976) and the W—W zone (Bojdys et al., 1983) are considered first-rank
tectonic fractures crossing the whole thickness of the crust and directly reflected
in the morphology of the modelled surfaces. For the lack of actual data on the incli-
nation and sense of dip of these zones, they are considered vertical. This simplifi-
cation is in agreement with the generalized nature of the model. The model represents
the area of the Polish and Slovak Carpathians between the meridian of Cieszyn on
the west, and that of Przemy$l on the east; between the parallel of Kosice on the
south and that of Krakéw on the north.

MODEL OF MOHO

Model of Moho (Fig. 5A, B) is based on results of the two-dimensional modelling
along the Krakéw—Zakopane (Bojdys et al., 1983), Baligréd—Radymno (Bojdys &
Lemberger, in press a, b), Jasliska—Mielec and Jasliska— Blazowa (Figs 2 and 3) pro-
files, results of interpretation of the IIlrd and Vth International DSS Profiles, regional
DSS profile LT-3 (Sollogub, 1978), and interpretation of the Agp map in the south-
-western part of the studied area. The relief of Moho is poorly differentiated in the
northern and the southern parts, in contrary to the central part which extends along
the Pieniny Klippen Belt and widens eastward.

‘The earlier mentioned, approximately meridional fracture zone W—W disrupts
the surface. In the area north of the Pieniny Klippen Belt and west of the W—W zone,
Mobho lies horizontally at a depth of ca. 38 km. Eastwards of the W—W zone Moho
gradually slopes to the south and attains the depth of 46 km. This depression is bor-
dered on the south by the G—G line, which is the northern boundary of the oceanic
crustal fragment of the northern plate. Moho is about 29 km deep in the area south
of the Pieniny Klippen Belt and east of the W—W zone; it is depressed down to
33 km at the southern margin of the Tatra Mits.

Interpretation of maps of regional Agz anomalies (Bojdys ef al., 1983) indicated
that the depression is limited from the east by the W—W tectonic zone, from the
south by the B—B zone, and it narrows and becomes shallower to the west. South
of the B—B zone Moho rises to the depth of 27 km.

The depth of Moho is greatest, 54 km, in that area of the northern plate where
occurs the oceanic crustal fragment, i.e. between the G—G line and the Peripienine
fracture zone. In the same area there occurs a zone of phase transitions, of density
3.13 g/cm?, delimited from beneath by Moho and from above by a surface separa-
ting it from the “basaltic layer” and equivalent to the C—M boundary (see Sol-
logub 1978, fig. 67). This boundary rises from the depth of 39 km near the G—G
line to 29 km near the Peripienine fracture zone.

The model in Fig. 5 includes also the horizontal density gradient in the upper
mantle (dashed lines) conforming the results of the two-dimensional modelling.

L\\\\\\\‘




CRUST AND UPPER MANTLE IN THE CARPATHIANS 359

1t should be remembered that the density boundary in the upper mantle is only
a representation of the horizontal density gradient from 3.3 g/cm? in northern part
of the model to 3.21 g/cm?® in the southern part.

“CONRAD SURFACE”

The model of this surface (Fig. 6A, B) was constructed using the same materials
as for the Moho model, supplemented with the results of magnetotelluric soundings
along the profile F (Baligréd —Radymno) and the Vth International DSS Profile
(Pawliszyn-Swiecicka, 1980). It should be stressed that the DSS data regarding
the “Conrad surface’” are much poorer than for Moho. The W—W tectonic zone
divides the “Conrad surface” into the eastern and the western parts. North of the
line running approximately through Ujsoty—XKlikuszowa—Nowy Sacz, and north
of the W—W zone, the “Conrad surface” is horizontal, like Moho, and lies at depth
of ca. 19 km. Between the Pieniny Klippen Belt and the mentioned line, the “Conrad
surface” is steeply inclined to the south and attains the depth of 25 km, and in a small
area north of Zakopane even more.

The position of the “Conrad surface’ is different in the area east of the W—W
zone. At the northern part its depth is about 18 —19 km, and south of the line Kobyle
Grodek —Frysztak—Wegldwka—Kormanice the depth abruptly falls to 22—25 km.
The surface forms here a trench 20—40 km wide, with axis running along the line
‘Gorlice—Krosno—Chyréw. The trench margins are steep and may be fracture-
-controlled. On the south the trench is bounded by the G—G line, the boundary
of the oceanic crustal fragment with top at depth of 14—17 km. How the “Conrad
surface’’ rises to this depth, depends on the nature of the contact between the oceanic
and continental fragments of the plate. The northern margin of the trench is most
probably a fracture zone, as is suggested by the results of interpretation of the IIIrd
International DSS Profile (Sollogub, 1978) and the gravity modelling along the
Baligrod—Radymno (Bojdys & Lemberger, in press b), Jasliska—Mielec and Ja-
sliska— Blazowa profiles (Figs 2 and 3). The oceanic crustal fragment extends west-
wards behind the W—W zone. Its top plunges in this direction to the depth of 25 km
near Szczawnica, and farther west it is probably completely consumed in the sub-
duction zone. Along the Peripienine fracture the depth of this surface changes in
a non-uniform way. East of the W—W zone the depth increases to 18 km within the
southern plate, and west of this zone the surface descends, paralleling Moho, to
the depth of 23—24 km in the southern margin of the Tatra Mts, and farther south
it rises again to the depth of 18 km, same as in the eastern part.

THE TOP SURFACE OF CRYSTALLINE BASEMENT

This surface, separates sedimentary rocks of mean density 2.63 g/cm? from ma-
terial of density 2.7 g/cm?. The model of this surface (Fig. 7A, B) is the most diffe-
rentiated in morphology. The model is based on:

1) map of the horizon attributed to the top of consolidated basement (Przed-
sigbiorstwo ..., 1977),
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Fig. 7B. Model of the top of crystalline basement. Blockdiagram (view from SW)
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2) geological cross-sections by Sikora (in: Sikora et al., 1980) and Zytko (in:
Mtiynarski et al., 1982),

3) results of two-dimensional gravity modelling by the authors,

4) results of magnetotelluric soundings (Pawliszyn-gwi@cicka, 1980),

5) map of Agy anomaly in Bourger’s reduction.

The Peripienine fracture zone divides the model into two fundamentally different
parts. The northern part has a very differentiated relief; for the southern, lying
almost entirely within the Czechoslovak territory, a two-kilometer thick layer
of sedimentary rocks of density 2.63 g/cm® was accepted as a simplification (except
for the Tatra Mits and the Podhale basin). The model of the crystalline basement
top in the area of the Tatra Mts and Podhale is very schematic because of the complex
geological structure in this area.

The W—W zone and the two other fracture zones reflected clearly in relief of
Moho and the “Conrad surface’”, do not deform significantly the top of crystalline
basement. West of the W—W zone in the NW part of the area covered by the model,
the latter surface is gradually sinking from a few kilometres in the north to more
than 10 km close to the Peripienine fracture zone. The surface is deformed by meri-
dional undulations revealed by seismic surveying.

Fast of the W— W zone the modelled surface is of complicated character. In the
northern part, to the G—G line on the south the model represents the top of the
consolidated (crystalline?) basement. Between the line G— G and the Pieniny Klippen
Belt, i.e. within the area where the hypothetical oceanic crust occurs, and the “gra-
nitic layer’ is absent, the model represents the top of the metamorphosed sedimen-
tary rocks of density 2.7 g/cm3. The presence of the material of this kind is inferred
from magnetotelluric soundings and from seismic refraction (¢f. Bojdys & Lem-
berger, in press b).

East of the W—W zone the relief of the modelled surface is different than west
of this zone. From the north to the south the surface slopes gently from the depth
of one to four kilometres and then steeply falls to 9 km, forming a trench, whose
axis runs approximately through Nowy Sacz— Gorlice—Krosno—Tyrawa Wotoska.
On the south side of the G—G line the surface rises steeply again, and culminates
near the Polish-Czechoslovak boundary and then deepens again to the south to
the Pieniny Klippen Belt. The trench, mentioned above, has a transversal undulation
near Jasto and Krosno, where its bottom rises to the depth of 6 km. In the same area
the trench axis shifts by more than 10 kilometres to the north (looking east). West
of Nowy Sacz the trench axis continues through the Podhale depression, but in the
authors’ opinion this is a purely geometrical coincidence.

MAIN FEATURES OF THE THREE-DIMENSIONAL MODEL

All the described density boundaries within the crust and upper mantle constitute
a spatial model which reveals several notable elements. These are shown on a map
(Fig. 8), which is a modified version of the map showing the main elements of crustal
structure as revealed by the two-dimensional modelling (Fig. 4). The most important
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Fig. 8. Tectonic sketch-map showing main crustal elements in the Polish and Slovak Carpathians.
1 — fracture zones (RPP — Peripienine fracture zone); 2 — G—G line — northern boundary of
oceanic crustal fragment in northern plate; 3 — northern boundary of the Moho depression related
to the lowered fragment of northern plate; 4 — northern boundary of “Conrad surface” depression
related to the lowered fragment of northern plate; 5 — supposed extent of the lowered fragment
in northern plate, west of W— W fracture zone; 6 — axis of gravity minimum; 7 — axis of depression
in the basement of sedimentary rocks of density 2.63 g/cm? (according to the model); 8 — area of
thickened crust in southern plate; 9 — lowered fragment of northern plate; 10 — area of occurrence
of oceanic crustal fragment in northern plate; 11 — boundaries of three-dimensional model; 12 —
state boundary. Profile symbols as in Fig. 1

linear elements ate the Peripienine fracture zone, the G—G line, and the W—W
and B—B fracture zones related to rapid denivelations of Moho and the “Conrad
surface” or to significant horizontal changes of physical properties in the crust.
The C—C, D—D and E—E zones may also be fracture zones but they have not
such an importance in the crustal structure, as have earlier mentioned zones.

The D—D zone, suggested earlier, is expressed by several correlative features
on the “Conrad surface’” and on the top of crystalline basement:

1) shifts of the trench axis on the top of crystalline basement,

2) transversal denivelation of the trench bottom with amplitude of 3 km,

3) westward wedging out of the elevation at the top of the metamorphosed
sedimentary rocks of density 2.7 g/cm?, '

4) westward narrowing of the Moho depression,
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5) shallowing in the same direction of the trench on the “Conrad surface’’.

The D—D zone is manifest in the pattern of regional Agj, anomaly by separation
of the gravity minimum zone, shift of its axis, and changes in gradient value and
of the direction of the northern branch of the minimum Zzone.

The E—E zone delimits from the north the greatest depression of Moho and of
the “Conrad surface” in the continental part of the northern lithospheric plate,
but it does not pass to the “granitic layer” as is shown by the results of interpreta-
tion of the ITIrd International DSS Profile and by the results of the gravity modelling.

The existence of the C—C zone is suggested by the abrupt shift of the Pieniny
Klippen Belt and by the pattern of the Agj field variations. It is possible that within
the sedimentary rocks this zone is a regional tectonic dislocation. Taking into account
that, beginning from this zone, the depression of Moho and the “Conrad surface”
becomes narrower and shallower to the west, this zone may be a fracture reaching
to the deeper crustal layers. .

The G—G line is the northern boundary of the hypothetical oceanic crustal
fragment and was discussed above. The zones W—W and B—B are discussed by
Bojdys et al. (1983).

The most complicated is the area between the G—G line and the Peripienine
fracture zone. Above Moho, situated at depth of 54 km, there is a zone of phase
transitions, of density 3.13 g/cm3, thickening from 15 km in the north to 25 km
in the south. This is in turn overlain by the “‘basaltic layer’” of the oceanic crust,
covered with relatively high-density (2.7 g/cm?®) sedimentary rocks of high electric
conductivity. The top of these sedimentary rocks is modelled as the top of crystal-
line basement. This attribution results in a depression of the modelled surface north
of the zone of transition from the true top of crystalline basement (in the area of
the G—G line) to the top the mentioned sedimentary rocks, which tends to become
shallower in the southerly direction. The axis of the depression passes somewhat
north of the axis of the gravity minimum and is also shifted, as the latter, in the D—D
zone (Fig. 8). .

The earlier distingushed, lowered fragment of the continental part of the northern
plate is less pronounced in the three-dimensional model. Nevertheless the above
described depression of the top of crystalline basement and the significant lowering
of the “Conrad surface’ in the same area, both permit maintain the concept of the
~ lowered fragment.

South of the Peripienine fracture zone, in the surroundings of the Tatra Mits,
the crust is thickened — Moho and the “Conrad surface’” form a broad depression
delineated by the Peripienine fracture zone and the W—W and B—B zones and
on the west shallowing and narrowing, beginning from the C—C zone.

RESULTS OF MODELLING

Gravity effect was calculated for the three-dimensional model presented above.
Comparison of the map of the gravity effect of the model (Fig. 9) with the map of
regional gravity anomalies, calculated with the Griffin’s method for the radius
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R=5/2 (Fig. 10), shows that the macroregional pictures agree well enough to
consider the model as reflecting the main features of the crustal density structure,
" though it is not an ideal one.
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Fig. 9. Map of calculated gravity effect of three-dimensional model. Contour distance — 5 milligals.
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Plots of the observed gravity anomalies and gravity effects of the model were
compiled along 11 parallel and equidistant profiles to demonstrate the existing
differences (Fig. 11). The most important difference is in position of the minima.
East of the W—W zone the minimum of the model effect is shifted by 3—7 km to
the north relative to its observed position, and west of this zone, by about 5 km
to the south. We can conclude that the depression in Moho and the “Conrad surface™
is actually situated ca. 5 km to the south from the position accepted in the model.
West of the W—W zone the situation is contrary, indicating that horizontal dislo-
cations of crustal elements are along this zone smaller than suggested by the map

of Ag anomalies in Bouger’s reduction.

Within the broad gravity minimum zone around the Tatra Mts there occur
shifts in forms of local extrema, a small mass deficit in the Tatra Mts, and a sur-
plus west of them. Qualitatively the curves agree, indicating that the accepted solu-
tion of the regional structure is a correct one. The divergencies result from the
simplyfying assumptions accepted earlier during the construction of this very com-
plicated fragment of the model.

Small mass deficits occur at the southern and northern end fragments of the
compared profiles; these result largely from the method of calculation of the gravity
effect in model margins, namely through horizontal, parallel extrapolation to the
infinity of the structures which do not terminate within the model boundaries and
density gradient variations in the areas neighbouring the model are not accounted
for. The same explanation is valid for the margmal profiles (1 and 11), where the
divergencies are the greatest.

Summing up, one may state that the differences between the calculated and ob-
served anomalies do not invalidate either the assumptions accepted for the model
construction or the solutions of the geological structure of the area resulting from
the two-dimensional and three-dimensional modelling. The existing differences
indicate the places and character of corrections which could be introduced to the
model to improve its fit with the observed gravity effect.

CONCLUSIONS

1) The macroregional anomaly observed in the studied area is only to a small
extent determined by the effect of sedimentary rocks. The great gravity minimum
extending along the Carpathians is determined firstly by the morphology of density
boundaries deeper than the top of the crystalline basement. The shape of the minimum
and its branches reflects the variations in the depth of Moho in the Outer and Inner
Carpathians, and the horizontal density gradient in the upper mantle near the
Peripienine fracture zone related, in the author’s opinion, to the underthrusting
of the northern plate below the southern one.

2) In the eastern part of the Polish Carpathians a fragment of the northern plate
is of oceanic character. This fragment is limited from the south by the Peripienine
lineament, from the north by the G—G line (Fig. 8). This fragment continues to
the east beyond the investigated area, and to the west it narrows and probably wedges
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out between the Vth International DSS Profile and the meridian of the eastern
termination of the Tatra Mts. It is suggested that the oceanic fragment of the northern
plate is completely consumed in this traverse and the continental parts of both plates
collided with one another. The collision resulted in the uplift of the crystalline core
of the Tatras and in thickening and faulting of the southern plate in the vicinity
of the Tatras. The oceanic fragment of the northern plate is underlain by an area
of phase transitions. Beneath the oceanic crustal fragment there is a zone of phase
transitions of density 3.13 g/cm?. v

3) For the sakes of the regional generalizations the sedimentary rocks are con-
sidered as a homogeneous material of average effective density 2.63 g/cm3. This
value was determined by modelling along the Krakéw—Zakopane profile and was
verified on the Baligréd —Radymno profile. The results of modelling indicated that
above the oceanic fragment of the northern plate and beneath the sedimentary
rocks of density 2.63 g/cm?® there is a zone of material of effective density 2.7 g/cm?>.
The authors consider it as metamorphosed sedimentary rocks of high electric con-
ductivity at their bottom part and of elastic parameters close to those of the “granitic
layer” at the top. The northern boundary of this zone is accepted schematically
along the G—G line, there are however some indications that it could reach somewhat
farther north than it is accepted in the model. The bulk of this material would lie
south of the G—G line and only a thin wedge would overlie the continental part
of the northern plate. It is noteworthy that this zone could be related to the deep-
-seated (buried) folds zone known farther to the east.

4) The most important tectonic lineaments are: the Peripienine fracture zone,
W—_W zone and G—G line. The importance of the zone termed Pericarpathian
fracture by Sikora (1976) seems much less than suggested by him. The results of
modelling indicate that this zone can be a zone of faults lowering the crystalline
(consolidated?) basement to the south and can not be considered as a fracture zone
sensu Sikora (1976).
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Streszczenie

TROJWYMIAROWY MODEL SKORUPY ZIEMSKIEJ
I GORNEGO PEASZCZA W KARPATACH POLSKICH

Grzegorz Bojdys & Marek Lemberger

Abstrakt: Wyniki modelowania efektu grawitacyjnego sugeruja istnienie oceanicznej skorupy
we wschodniej czgsci polskich Karpat. Potwierdzaja tez one stuszno$é tezy o roli subdukcji w kar-
packich procesach gorotworczych, podczas ktorych plyta polocna podsuwata sie pod poludniowa.
Wyréznia si¢ szereg tektonicznych elementow linearnych i powierzchniowych.
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Wykonano dwuwymiarowe modelowanie efektu grawitacyjnego wzdluz czterech
profili przecinajacych poprzecznie polskie Karpaty (Fig. 1). Wyniki modelowania
wskazuja, ze:

1) $rednia gesto$é skat osadowych wynosi 2,63 g/cm?;

2) karpacka depresja grawimetryczna wynika z nalozenia si¢ efektu wielu czyn-
nikéw, a jej glownych Zrédel nalezy szukac w morfologii glebokich horyzontow
rozdziatu gestosci;

3) we wschodniej czgéci polskich Karpat krystaliczna czg$¢ skorupy ziemskiej
ma gesto$é 2,9 g/cm3, co sugeruje jej oceaniczny charakter;

4) w przedzialach wystgpowania skorupy oceanicznej strop krystaliniku zapada
na glebokoéé kilkunastu kilometrow, a depresja wypelniona jest do spagu skat
osadowych (5—10 km) zmetamorfizowanymi skalami osadowymi o gestosci 2,7
gf/em?, w czgéci stropowej majacymi parametry sprezyste zblizone do tzw. ,,warstwy
granitowej”’, za$ W czesci spagowej wykazujacymi dobre przewodnictwo elektryczne
(Fig. 2 1 3);

5) fragment skorupy oceanicznej podscielony jest kompleksem przejsciowym —
obszarem zmian fazowych o gestosci 3,13 g/cm?;

6) gesto$é gérnego plaszcza zmniejsza si¢ z péinocy na potudnie od 3,3 g/cm?
do 3,21 g/em?. &

Wyniki modelowan sa zgodne z pogladami o roli subdukcji w genezie struktury
Karpat, a rozklad gestosci w skorupie jest zgodny z teza o podsuwaniu si¢ piyty
pbéinocnej pod potudniowa. Na Figurze 4 autorzy podaja szkic tektoniczny Karpat
polskich zgodny z tymi wynikami.

Na podstawie tych samych wynikow, biorac pod uwage kompleksowe dane
geofizyczne i geologiczne oraz wspomniany szkic tektoniczny, skonstruowano troj-
‘wymiarowy model warstwowy, okreslony przez trzy powierzchnie: strop krystali-
niku, powierzchnig rozdzielajaca osrodki o gestoéciach 2,7 gfem? i 2,9 g/cm?® oraz
powierzchni¢ Moho. 1 '

Figury 5—7 przedstawiaja kolejne modele wspomnianych wyZej powierzchni
rozdziatu gestosci, ktorych charakterystyczne cechy zebrane zostaly na mapie sta-
nowigcej zmodyfikowany szkic tektoniczny skorupy ziemskiej w Karpatach polskich
(Fig. 8). Najwazniejszymi linearnymi clementami tektonicznymi sg: roztam pery-
pieninski, linia G—G bedaca pénocna granica fragmentu oceanicznego skorupy
ziemskiej oraz strefy roztaméw W—W i B—B. Strefy C—C, D—D i E—E moga
mie¢ réwniez charakter roztaméw, lecz ich znaczenie w budowie skorupy ziemskiej
jest mniejsze. Obszar pomigdzy linia G—G a rozlamem perypienifiskim ma szcze-
gblnie skomplikowana budowe. Powierzchnia Moho zalega tu na glgbokosci okolo
54 km, nad nig usytuowany jest obszar zmian fazowych, na ktérym lezy skorupa
oceaniczna. Na jej stropie zalegaja cigZkie osady zmetamorfizowane, na nich zas
flisz. Osady cigzkie moga mie¢ zwigzek z tzw. fatdami wgltebnymi (pogrzebanymi).
Autorzy uwazaja, ze na zachéd od poludnika Szczawnicy doszlo do catkowitego
pochlonigcia fragmentu oceanicznego plyty potnocnej i do kolizji kontynentalnych
czesci obu plyt, ktorej skutkiem jest wypietrzenie trzonu krystalicznego Tatr oraz
pogrubienie skorupy w ich otoczeniu.




CRUST AND UPPER MANTLE IN THE CARPATHIANS 373

Celem zweryfikowania omoéwionej wyzej koncepcji modelu gestoSciowego obli-
czono dla niego efekt grawitacyjny (Fig. 9) i poréwnano z mapa regionalnych ano-
malii sity cigzkosci (Fig. 10). Mozna stwierdzi¢, ze mapy sa wystarczajaco zgodne
{Fig. 11) by uzna¢, ze model odwzorowuje zasadnicze cechy budowy skorupy ziem-
skiej.




