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ON THE MANIFESTATION OF SHALLOW AND DEEP DENSITY IN-
HOMOGENEITIES IN THE GRAVITY FIELD OF THE CARPATHIANS

(Tabs. 2, Figs. 6)

Abstract: The characteristic features of the anomalous gravity field
of the West Carpathians in relation to neighbouring tectonic formations
are discussed, as well as the effects of shallow and deep densily inho-
mogeneities. Using more recent initial data, the correlation between
Bouguer anomalies, depths of the crust-mantle boundary and elevations
above sea level is investigated. It was found that Bouguer anomalies,
corrected for the effect of lighter Tertiary sediments, display a closer
correlation. Regression coefficients were used to estimate the magnitude
of the density jump at the crust-mantle boundary which did not exceed
the value of 0.15 g/cm®.

Pezwome: B padore o0cyKAa10TCH XapakTepHCTHICCKHE YCPTH aHOMAALIOIO
rpaBuTauionioro nogs 3anaansix Kapnat oTHOCHTEILHO COCCAHNX TCKTOHI-
HECKNX O0JACTeil 11 B TO e BPeMH BIUSIHUS IPHIOBEPXHOCTHLIX 11 AV OIH-
HBIN [IOTHOCTHLIX Heojnopoinocteil. Tlpy nenoabsoBannn Hoeefiny 1eXoLHBLIX
AAUHBIX HCCACAYCTCH KOPPe s Mesly anomasuussu Byre, rayGunamn rpani-
Ubl, pasjicaa KOpa-MauTus o BHICOTaAMH HAJL NOBEPXHOCTLIO Mopsi. OxasuiBactcs,
4TO  D0JCC TCCHLIMIN KOPPEISILHOHHBIMIL 3aBHCHMOCTSIME  001a1a10T  aHOMa
Byre, nenpasacHibic © yHeTOM BIAHSIHUST GOJCC JCTKHX TPCTHYHBIX CCANMCHTOR,
3HAUCHHEC II0THOCTHONO PAaIpbiBA HA TPAHNIE PAZLCTE KOPa-MaHTHs, OLCHCHNOC
Ha ocrone perpeccnodinix kostdnuncirron, we npessiwacr 0,15 r'em®.

Introduction

From what we already know, it follows that there is a quite close correlation
in the Carpathians between Bouguer gravity anomalies and depths of the crust-
-mantle boundary (Vysko¢il, 1974, 1977, 1979; Kvitkovi¢—Planc¢ar—
Vyskoeéil, 1976; Beranek—Ibrmajer, 1977; Vyskoc¢il—Burda,
1980, 1982; Beranek—Zatopek, 1981). However, at the same time a quite
pronounced gravitational effect of density inhomogeneities in the upper part
of the Earth’s crust can be observed Ibrmajer—Dolezal, 1961; Ibrma-
jer—Mottlova, 1963; Dolezal, 1965; Sutor—Cekan, 1965; Buday—
Dudek—Ibrmajer, 1969; Plané¢ar, et al, 1977;: Fusan—Ibrmajer—
Planc¢ar, 1979; Tomek—Svancara—Budik, 1979; Fusan et al., 1981;
Ibrmajer, 1981;: Tomek—Budik, 1981). In interpreting regional gravity
anomalies and in constructing density models of the lithosphere, it is necessary to
assess correctly the gravitational manifestations of shallow and deep density
inhomogeneities. Some of the questions associated with this problem are discus-
sed in this paper.
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Characteristic features of the anomalous gravity field of the West Carpathians
and of the neighbouring regions

The gravity depression which accompanies the whole range of Alpine oro-
genesis (Fig. 1) is the most pronounced in the map of Bourguer isanomals of
Central Europe (Zoubek—Vyskoc¢il, 1977). The lowest anomalies with
values of —180 to —190 X 107 m/s? occur in the central part of the Alps. In the
West Carpathians they only amount to —60 X 107 m s2, however, they become
more pronounced again in the East Carpathians, where the wvalues of the
Bouguer anomalies drop to as low as —100 X 1075 m/s? In the other regions of
Central Europe their values fluctuate between —60 and +50 X 107 m/s2,

Apart from its large magnitude, the Alpine gravity depression also differs from
the Carpathian in the position of its axis which essentially copies the axis of the
main mountain range in the Alps and also the axis of the largest deflection of
the crust-upper mantle boundary, although the latter, according to the results
of explosive seismology, seems to be displaced slightly to the south. (Giese—
Prodehl, 1976; Miller, 1980). In the Carpathians, the axis of the gravity
depression lies roughly along the line Schwechat—Kuty—Uhersky Brod—Va-
lasské Klobuky—Bytéa—Trstena—Czarny Dunajec—Stary Sacz—Krosno—Staryj
Sambor—Drogobych—Dolina—Bytkov, and continues along the outer fringe of
the East Carpathians on to Roumanian territory. As opposed to the Alps, in
the Carpathians it is permanently located in their outer range. It crosses the
Vienna Basin and comes close to the klippen zone in north-west Slovakia. In
Poland, north of the High Tatra Mts it deflects from it again and, in the East
Carpathians on the territory of the USSR, it runs into the inner zone of the
foredeep.

The inner West Carpathians are located on the slope of this gravity depression
which gradually adopts positive values (0 —20 X 107 m/s?) in south Slovakia
and Hungary. Similar positive values of Bouguer anomalies also occur at the
eastern margin of the Bohemian Massif and along the southern border of the
Polish Palaeozoic Platform.

The values of the negative gravity anomalies in the Carpatl.ians are affected by
the lower density of Tertiary sediments, particularly in Neogene basins. For
example, in the Vienna Basin the correction for the lower density of its se-
dimentary filling amounts to as much as 50 X 107 m's? and. once it has been
introduced, negative values of Bouguer anomalies practically vanish (Tomek
—Budik, 1981 . By introducing the correction for lighter sediments of the
foredeep, the contrast of the regional negative anomaly becomes much less
pronounced especially at the outer fringe of the East Carpathians. By introduc-
ing the correction for Neogene sediments in the Pannonian Basin and its spurs
on the territory of Slovakia. the values of the Bouguer asiomalies increase by
as much as 40 X 109 m/s? (Stegena, 1964; Posgay, 1980) and in some places
perhaps by as much as 50 X 107 m s=.

It is slightly more difficult to estimate the correction for the lower density
of flysch, however according to the results given in (Dolezal, 1965; Tomek
—Svancara—Budik, 1979) it may come to 20 X 107 m/s? or more.

By introducing the correction for the lower density of Tertiary sediments,
the regional negative anomalies in the region of the outer Carpathians become
less pronounced on the whole, while the positive anomalies of the Pannonian
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Fig. 1. Map of Bouguer gravity anomalies Ags ol Central Europe (after [Zoubek —
Vyskoéil, 1977]). The values of Agg are given in units of 10" ms—=

block become more pronounced. Consequently, the negative Bouguer anomaly
(about —50 X 107 m/s?) in the region of the High and Low Tatra Mts. is the
more marked. Although the correction for the density inhomogeneities in the
upper part of the Earth's crust affects the values of the gravity anomalies
considerably, the overall character of the anomalous gravity field in the West
Carpathians is preserved to a large extent. One may assume, therefore, that
the deep structure has a pronounced gravitational effect here.

In the East Alps, the anomalous gravity field is affected by Tertiary sediments
much less. The correction for the lighter sediments of the Alpine foredeep does
attain values similar to those observed in the Carpathians (Harcke, 1972;
Kahle—Werner, 1980), but introducing it only increases the values of the
anomalies on the northern slope of the Alpine gravity depression, which be-
comes steeper. The overall mightiness of the Alpine negative meganomaly is
nreserved.

Correlation between gravity anomalies and depths of the crust-mantle boundary

By investigating the correlation between the gravity anomalies and the depths
of the crust-mantle boundary, we are able to study the gravitational effects
of the deep structure. As a rule, correlation analysis also includes elevations of
the Earth’s surface and the results are evaluated from the point of view of
isostasy. From papers hitherto published (Tanni, 1942: Popelar. 1969:
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Vyskodé¢il 1972, 1974, 1977, 1979; Kvitkovié—Planc¢ar—Vyskocil
1976; Smisek, 1976; Beranek—Ibrmajer 1977: Vyskoc¢il—Burda.
1980, 1982) it follows that there is a quite close correlation in the West Car-
pathians between Bouguer anomalies Agg and elevations h, as well as betwzen
Agy and the depths H of the crust-upper mantle boundary. The correlation
between h and H is less pronounced.

At the boundary between the crust and the upper mantle, the classical con-
cept assumes the Mohorovici¢ discontinuity, at which the velocity of longitudinal
seismic waves v, changes at a jump to 8.0 —8.2 km 5. In a number of regions
(for example, the East Carpathians, south-eastern part of Poland). however. the
transition from the Earth’s crust to the upper mantle is associated with the
occurrence of a transition zone and several seismic boundaries. It is frequently
problematic to distinguish the M-discontinuity among them reliably (Podstri-
cach—Chekunov, 1978; Sollogub—Guterch—Prosen, 1978, 1930)
and, as a rule, the lower boundary of this transition zone is considerad to be
the crust-mantle boundary. The depth Hy of the upper boundary of the tran-
sition zone, characterized by vp-velocities ranging from about 7.4 to 7.8 km s, are
also considered besides the depths H in the correlation analyses in (Vyskocil
—B urda, 1982). It has been found that the depths H display a closer corrzla-
tion with Bouguer anomalies and elevations then the depths H.

The values of the correlation coefficients, obtained for the West Carpathians
using more recent initial data, are given in Table 1 and in Figures 2—6 some
of the correlation fields are depicted. For comparison, Table 1 also contains the
values of the correlation coefficients for the East Alps and the Bohemian Massif
adopted from (Vyskoéil—Burda, 1982). It is evident that the comparesd
correlations are closer in the East Alps than in the West Carpathians. In the

Bohemian Massif the correlation bet-
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ween h and H is very weak and bet-
ween H and Agg practically zero. These
conclusions are also substantiated by
more detailed analyses carried out for
the region of Central Europe as a
whole wusing the moving window
method. which have also proved a ge-
nerally larger variability of the values
of moving correlation coefficients in
geologically older formations to the
north of the Alpine—Carpathian zone
(Vyskoc¢il—Burda, 1982).

Fig. 2. Correlation between h and H, H,
in the West Carpathians.
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Since the values of Bouguer anomalies Agy in the West Carpathians are
affected considerably by density inhomogeneities in the upper parts of the
Earth’s crust, the corrected values of Bouguer anomalies Agyc were also
correlated with the elevations h and depths H, the corrections for the lower dens-
ity of Tertiary sediments in some regions being only estimated due to the lack
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Fig. 3. Correlation between Agg and H, H, in the West Carpathians.
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Fig. 4. Correlation between Agp and Gy in the West Carpathians., The values of
Gum are calculated for the compartments 2° < 3°, density jump As=0.1g em® and
normal depth of the crust-mantle boundary H = 30 km.
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of pertinent data. It was found that the corrected anomalies Ag, display closer
correlation with h, H and H, than the initial Bouguer anomalies Ag,. The method
described in (Burda—Vyskoc¢il, 1976; Vyskoc¢il—Burda, 1976) was
then used to calculate the gravitational effect of the anomalous masses bound
to the crust-mantle boundary, the adopted differential density being Ag = 0.1
g cm®, These gravitational effects G, were also correlated with the elevations
h and anomalies Ag;, and Agyc. The most pronounced is again the correlation
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Fig. 5. Correlation between Agsc and H, H, in the West Carpathians.
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Fig. 6. Correlation between Agpc and Gy in the West Carpathians. The values of
Gu are calculated for the compartments 2° X 3° density jump As=0.1gcm? and
normal depth of the crust-mantle boundary H =30 km.
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of Gy with the corrected anomalies Agyc which essentially reflect the effect
of deep density inhomogeneities.

Density characteristic of the crust-mantle boundary in the West Carpathians

The lithosphere represents a block-stratified medium with vertical and lateral
changes of density and other physical parameters. According to (Krasovski,
1978, 1981; Buryanov—Gordienko—Pavlenkova, 1980) the variation
of density is best expressed by a layer-gradient model. In this model, the values
of the density jump at the crust-mantle boundary come out relatively small:
0.1—0.15 g'em* (Buryanovetal, 1978; Subbotin et al.. 1979; Sollogub
—Guterch—Prosen, 1980). In general, however, its magnitude depends
on the density conditions in the given lithospheric block. According to (D e-
menitskaya. 1967, 1975) it may also vary in dependence on the thickness of
the Earth’s crust.

Assuming quite close correlation between the values of Bouguer anomalies
Agy. Agpc and depths H. Hp, the magnitude of the density jump Ag at the
crust-mantle boundary may be estimated from the values of the appropriate
linear regression coetficients, this procedure being essentially based on the for-
mula for the gravitational effect of a Bouguer plate.

The values of Ag calculated from these regression functions for the West
Carpathians are given in Table 2. The values Ag, determined from the regression
dependences of the corrected anomalies Agyc. are probably the most accurate.
They yield the average value Ag ~0.11—0.12 g em® which is comparable with
the values of the density jump at the crust-mantle boundary used in construct-
ing density models of the lithosphere in the East Carpathians (Buryanov
et al, 1978; Sollogub—Guterch—Prosen, 1980). It also agrees with
the average value Ag =~0.13 g em? derived from the correlations for the East
Alps (Vyskoc¢il—Burda, 1982),

As a result of the effected analyses, it may be said that the density jump at
the crust-mantle boundary is about 0.10 to 0.13 g'em? in the West Carpathians.
Consequently, on introducing the correction for the lower density of Tertiary
sediments, we arrive at approximately the same value of the density jump at
the crust-mantle boundary in the West Carpathians as in the East Alps. Ho-
wever, one must bear in mind that the above estimates are only corrected under
the assumption that the values of the corrected Bouguer anomalies Ag,c reflect
the effect of the anomalous masses bound to the crust-upper mantle boundary
in the first place. In reality, these masses need not be the only deep source of
the gravity anomalies and various deep density inhomogeneities in the litho-
sphere may also compensate each other.

Density inhomogeneities may also be caused by lateral changes of temperatu-
re in the bottom layers of the Earth’s crust and in the upper mantle, If the
temperature at a given point is higher by AT than the assumed “normal” tempe-
rature, a decrease in density may be assumed of §g = — @ 9o AT, 6, being the
normal density (for the subcrustal layer g;=3.3 g/em®) at AT =0 and a =
= 3 X 107 °C being the coefficient of thermal volume expansion.

The correction of the gravitational effect for the density decrease due to
increased temperature in the Upper Rhine Fault Gap amounts to as much as
80 X 10" m's? (Werner—Kahle, 1980; Werner et al, 1981) and in the
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Table 1
Values of correlation coefficients
— e e e S S - o
Western Carpathians
: Correlated Correlation Correlated Correlation .'
quantities | coefficient quantities coefficient
I _ . - -
! h — Ags | —0.70 : h—Agsc | —0.83
h—H 0.46 : |
h —H, H, | 0.61
Ags—H | —0.70
| Ags — H, Ho | —0.83 Agsc—H | —0.73
| Agp — Gu 0.79 Agpc— H, Hy — (.86
. h —Gwn — 0.63 | Agsc—Gw 0.84
—— —= | =
Eastern Alps | Bohemian massif
h — Agp —0.77 ; h — Agg | — .68
h—H 0.88 h—H | 0.34
Agg—H | —0.76 [ Agp—H —0.15
|
Table 2
S Regression coefficient y fornd
Regression | (H, H, in km, Ag in 10- m’s?) Ag (g/em®)
' H (Agp) ' —0.28 0.08
Ags(H) — 175 . 0.04
Hh (Agn) —0.24 ! 0.10
| Agp(Hp) — 2.88 | 0.07
' H (Aggc) —0.21 0.11 .
| Agpc(H) — 2417 0.06
| Ho (Agnc) | —4.02 0.10 |
Agpe(Ho) I —0.18 |

. 0.13 I

Pannonian Basin as much as 180 X 10 m/s2 (Buryanov et al, 1978; Pos-
gay, 1980; Sollogub—Guterch—Prosen, 1980). This effect must
be taken into account in constructing density models of the West Carpathians.

Conclusion

In the West Carpathians, the values of Bouguer anomalies are affected con-
siderably by density inhomogeneities, particularly by light sediments in the
upper part of the Earth’s crust. Consequently, the Bouguer anomalies corrected
for the effect of Tertiary sediments display a closer correlation with the depths
of the crust-mantle boundary. The estimates that were carried out, yield a re-
latively small density jump at the crust-mantle boundary which does not
exceed 0.15 g'em?,
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