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MIROSLAV BIELIK* - ANNA SITÄROVÁ* 

INTERPRETATION OF THE GRAVITY ANOMALY OF A N 
AMPHIBOLITE BODY IN THE MALÉ K A R P A T Y MTS. 

(Figs. 7. Tabs. 1) 

A b s t r a c t : On the basis of an application of an inverse three-
-dimensional gravimetric problem, we have interpreted for the first 
time the gravity anomaly of an amphibolite body in the southern 
part of the Malé Karpaty Mts. 

Pe3K)Me : Ha ocHOBe npmneHeHMJi o6paTnoR TpexrviepHoR rpaBUMCTpHMecKoii 
3anaiH Mbi nepBbiii pai KHTepnpeTnpoBajin BecoBVK) anoMa.nHio Tana aM(|)H-
60JIHTOB B KDKHOH nacTM Man^ix KapnaT. 

Introduction 

In the last years we could observe an increased interest of geologists and 
geophysicists in the Malé K a r p a t y Mts. This interest has been conditioned 
mainly by the discovery of new facts about their s tructure, especially the 
allochtonous position of the crystalline complex of this mounta ins (M a h e ľ. 
1980). 

The dominating member of the Malé K a r p a t y Mts. crystalline complex 
(C a m b e 1 — K a m e n i c k ý , 1982) are the Variscan granitoid rocks (Brati­
slava and Modra massifs), which form more t h a n two-thirds of the area of the 
Malé Karpaty Mts. crystalline complex. The largest zone of crystalline schists 
is s ituated in the so-called Pez inok—Pernek crystalline complex, which sepa­
rates the two massifs. F u n d a m e n t a l rocks of the Malé K a r p a t y crystalline 
schist complex, besides extensive granite massifs, are crystalline schists of 
Lower Palaeozoic age. They are biotite phyllites, biotite-garnet schist-gneisses 
to biotite-garnet gneisses and chlorite-sericite phyllites without biotite. Among 
the crystalline schists of the Malé Karpaty Mts. area are also various types of 
amphibolite rocks, which represent metamorphosed diabases and their pyro-
clastics, or hypabyssal bodies belonging to magmatic rocks of the complex. 
This complex (C a m b e 1—K a m e n i c k ý, 1. c.) is assumed to be pre-oro-
genous in the evolution of the Variscan geosyncline. The proport ion of meta-
basites in the core mounta in ranges is largest in the Malé Karpaty Mts. 

The increased interest in geological s t ructure of the Malé K a r p a t y Mts. has 
influenced also the speeding up of gravity mapping in the southern par t of 
the m o u n t a i n range on the scale 1 : 25 000, as this area was one of the few 
areas of Slovakia not surveyed on this scale. As a consequence, the Malé Kar­
paty Mts. are comparatively less explored from the point of view of gravity 
investigation (and it could be said t h a t not only from this point of view). 

The result of gravity mapping is a m a p of Bouguer anomalies (for a = 
= 2.67 kgdm" : i), on the scale 1 : 25 000, which has been completed by workers 
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of Geofyzika, na t enterpr. , b ranch Bratislava (S z a 1 a i o v á et al., 1982) and 
also quali tat ively in terpre ted by them. Within the scope of this quali tat ive in­
terpretat ion, some impor tan t (even paradoxical) phenomenons of the relation 
of gravi ty field to the geological s t ructure of the Malé Karpa ty Mts. have been 
pointed out (K u r k i n—M i k u š k a—O b e r n a u e r—P o s p í š i 1, 1984). 

0 0 5 1.0 1.5 2.0 km 

Fig. 1. Bouguer gravity map. 

On the Bouguer gravity map, the southern par t of the mounta in range is 
displayed as an outstanding regional gravity elevation, evoked by the effect 
of heavier Palaeozoic and Mesozoic rocks. This phenomenon was known also 
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in the past (F u s a n et al., 1971; P 1 a n č á r, 1980; B i e 1 i k, 1980). From 
the results of a detailed gravity mapping it is, nevertheless, possible to observe 
a n u m b e r of local (residual), relatively positive as well as negative anomalies 
in this elevation area. The areally most extensive one spreads approximately 
between t h e elev. points Traja jazdci — Tri kopce — Gajdoš — Mešťankova — 

Fig. 2. Model composed of rectangular 
prisms. 

Cmele (Fig. 1). Its ampli tude is approximately 205—210 ^ms" 2 . On the basis 
of an analysis of the gravity field in relation to main rock types we judge that 
the anomaly is a manifestat ion of especially amphibolite rocks of the Malé 
K a r p a t y Mts. Palaeozoic, which emerge on the surface on this territory. As this 
anomaly appears as one of the most prominent elements of the gravity field, 
it became the object of our interest. In other words, we a t tempted its quant i­
tative interpretat ion with the help of an inverse gravimetric problem. This 
was solved by i terat ion method of least squares for the interpretat ion of 
three-dimensional gravity field (D y r e 1 i u s, 1972; D y r e l i u s — B i n a. 
1973). 

The basic or pr imary model used to solve this method is composed of a sys­
tem of rectangular prisms (Fig. 2). The gravitat ional effect of a prism is ex­
pressed in a form easily programmable on a computer, while it is no problem 
to find an expression of the effect of a complex of such prisms. The gravi­
tational effect of i rregular masses at any arb i t rary point can be then calcu­
lated by an approximation of their shapes by prisms. The parameters of 
position of the prisms to the calculated points can be changed; this is used 
to make the model of an anomalous body more accurate. This process (S i t á-
r o v á — B i e l i k , 1984) has a good stability and it converges well. Assuming 
that we know the depths of the upper surfaces of the prisms, the lower surfaces 
are adjusted by i teration process until the gravitat ional effect of the whole 
model corresponds (in the least-square sense) with the measured data. 

The interpretation process 

The first, but very important step of interpretat ion is the separat ion of gra­
vity effects of which the interpreter assumes t h a t they are connected with 
concrete anomalous masses interest ing for him, from the effects which are of 
no interest. It is thus the case of a problem of separat ing residual as well as 
regional anomalies from the Bouguer gravity map. The character of the resi­
dual anomaly depends on the qualitative determinat ion of the regional effect 
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defined by R o y (1961) as an anomaly which we would measure if the investi­
gated s t ructures were separated in space and their effects were not disturbed 
by too deep or too wide sources. In this sense, the residual anomaly is really 
a residue after an ideal removal of the regional effect. For the determinat ion 
of the regional field, graphical or numerical methods are used. The graphical 
method, which was applied in our case, is biased by subjective approach of the 

Fig. 3. Residual gravity map. 

interpreter , but it permits an application of his knowledge of the geological 
s t ructure . The regional background has been determined on more profiles cross-
cutting the anomalous area; on the basis of them we have elaborated its areal 
image. By substract ing the regional background from the measured values of 
Bouguer anomalies we obtained the local anomaly of the gravity field which 
should, with the greatest possible probabili ty, express the effect of the investi­
gated anomalous body. The maximal ampli tude of the anomaly is approx. 66 
^ms~'J. F rom Fig. 3 it follows tha t the centre of the anomaly is si tuated approx. 
1 km ESE from the elev. point Javorina. The sigmoidal bends of the isoanoma-
lies of the gravity field in the NNW-SSE direction (westwards from the elev. 
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point Tri kopce) are caused by surfatial emergence of granodiorites and cry­
stalline schists less dense compared with the heavier amphiboli te rocks. Fur ther 
we digitalised the investigated anomaly in 131 points of a square lattice with 
a step Ax = Ay = 250 m. 

The surfatial exposure of amphiboli te rocks (M a h e I—C a m b e 1 et al., 
1972) as well as the shape of the anomaly indicate the manner in which the 

Variant I II 

0 0.5 1.0 1.5 20 km 

Fig. 4a. 

prisms approximat ing the anomalous body should be distr ibuted and the man­
ner in which the depths of their upper bases should be determined. The pr imary 
model has thus been constructed on the basis of smoothened (or simplified) 
contours of the surfatial exposure of amphiboli te rocks and of the shape of the 
investigated anomaly. This model has then been tested with varying distri­
bution of prisms, depths of their upper surfaces and density contrasts so, that 
the sum of squares of the residues of the calculated gravitat ional effect and the 
values of gravity should be as low as possible. From a greater number of testing 
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models we put forward the schemes of only four interpretat ion models. In our 
work we denominated them as the var iants I, II. I l l , IV (Figs. 4a, b, c). Their 
common trai t is that the anomalous body is approximated by 12 rectangular 
prisms wi th a differential density of ACT = 0.2 kgdmT:!; at the same t ime the 
prisms denominated as No. 1—4 have depths of upper surfaces equal to 0 m. 
The depth of the upper surfaces of the prisms No. 5—12 is in the var iants I. 

\ 

Fig. 4b. 

Ill , IV (II) equal to 100 m (50 m). The distr ibution of the prisms in the var iants 
I and II is thus the same, only the depths of their upper surfaces are different. 

Achieved results 

The results of quant i ta t ive in terpre ta t ion wi th the help of an application of 
the method of D y r e 1 i u s (1972) for a three-dimensional gravimetr ic problem 
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are displayed in Tab. 1 and il lustrated by Figs. 5—7. In the Tab. 1 are stated 
the calculated unknown depths of the lower bases of the individual prisms 
for all var iants . On the Fig. 5 are selected correlations of gravity effects and 
calculated gravi tat ional effects of the in terpre ta t ion model (for the var iant I) 
on the profiles X = 0 and Y = 0. The selected sections of the models appro­
ximat ing the anomalous body along the profiles A, B, C, D, E, F are presented 

Variant IV 0 

Fig. 4. Distribution of prisms in the final interpretation model. 
Explanations: 1 — contour of surfatial prism; 2 — contour of subsurfatial prism; 
3 _ simplified contours of surfatial exposure of amphibolite rocks; 4 — course of the 
profile of a vertical section of the model. 

on Figs. 6 a, b, c, d. A general image of the achieved results can be received 
from a view at Figs. 7a, b, c, d. Here are depicted the perspectives of the re­
sulting three-dimensional model, divided by several sections along the X and 
Y axes, for each variant . 

From a general analysis of the achieved results it follows that the anomalous 
body reaches its greatest thickness in its central part, which can be characterised 



196 BIELIK - SITÄROVÁ 

T a b l e 1 

Tab le of depths of upper and lower surfaces of pr isms 

Variant 

No. 
of 

p r i sm 

1 

2 

3 
4 

5 

6 

7 

8 

9 

10 

11 

12 

Depth of upper 
p r i sm 

surface 
[m] 

of the Depth 

I 
of lower 

pr i sm 
surface 
[ml 

of the 

V a r i a n t 

I 

0 

0 

0 

0 

100 

100 

100 

100 

100 

100 

100 

100 

II 

0 

0 

0 

0 

50 

50 

50 

50 

50 

SO 

50 

50 

III 

0 

0 

0 

0 

100 

100 

100 

100 

100 

100 

100 

100 

IV I 

0 1298 

0 270 

0 102 

0 

100 

100 

100 

529 

256 

311 

405 

100 440 

100 408 

100 409 

100 377 

100 323 

II 

1331 

276 

111 

815 

195 

240 

290 

296 

322 

328 

304 

254 

III 

832 

1366 

239 

387 

276 

317 

621 

478 

390 

260 

338 

321 

IV 

1091 

123 

274 

445 

253 

323 

511 

462 

471 

404 

342 

356 
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Explanations: 1 

- 2 5 - 2 0 -1.5 -1.0 -0.5 0 05 10 1.5 20 25 30 km 

Fig. 5. Profi le along the X and Y-axes . 
measured g rav i ty field; 2 — calculated grav i ta t iona l effect. 
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by the prism No. 1 in the var iants I, II, IV, or by the prisms No. 1 and 2 in 
the var iant III. The maximal thickness in this par t varies between 832 m and 
1331 m. Its average value is approx. 1200 m. The thickness of the body outside 
the central part is substantial ly smaller. When not taking into consideration 
the anomalous masses spreading between the elev. points Traja jazdci and Gaj ­
doš (prism No. 4), the thickness of the body in its lateral parts is on average 
only about 234 m. In the case of the prism No. 4, the depth of its lower surface 
varies between 387 m and 815 m. 

Conclusion 

From the point of view of a three-dimensional quant i ta t ive interpretat ion 
of gravity anomalies, the applied method proved to be very advantageous. 
It is one of the few methods which give a possibility to compute the depth 
of the lower surface of the anomalous body — i. e. one of the most impor tant 
parameters , but also one of the most difficult to determine. In addition, this 
method is relatively simple, easy to p rogramme and very effective. The com­
putat ion of one model on the computer SIEMENS 4004,150 took for five 
iterations on average only 12.3 seconds. 

Nevertheless, in present we cannot make an unambiguous s ta tement as to 
its practical exactness, i. e. about the exactness of the calculation of the lower 
base of the investigated anomalous body of the Malé Karpa ty Mts. Firstly, 
in spite of a good correspondence of the measured gravi ty values and the 
calculated effect of the approximated anomalous body, the inverse gravimetr ic 
problem is not unambiguous. Because of this, we propose in our paper four 
different var iants of the result ing model. Secondly, in this area, up to this 
date, no exact geological — geophysical data exist concerning the depths of 
this amphiboli te body, which we could compare with the calculated depths. 
We also know that if there are a priori known geological — geophysical data 
available to the interpreter , the area of ambiguity narrows considerably. 

In spite of the mentioned facts we think tha t the achieved results of the 
quant i ta t ive in terpreta t ion of the investigated anomaly entitle us to state a few 
hypotheses. We do not agree wi th the opinion of B i a 1 o s t o c k y et al. (1976) 
who presume that the source of this marked positive anomaly of gravity field 
is a very deeply rooted element formed by heavy rocks, which occur in depths 
of the order of 1 km beneath the amphiboli te rocks. As our results have shown, 
the opposite is t rue : it is the heavy amphiboli te body wi th a density of a = 
= 2.91 kgdm~:1 ( E l i á š — U h m a n n, 1968), wi th its "roots" in its central par t 
up to a depth of approx. 1200 m, by which it is possible to explain the cause 
of this anomaly. This conclusion is justified also by other facts. Namely, if we 
would admit the existence of a source of the anomaly according to the p re ­
sumption of B i a l o s t o c k y et al. (1. c ) , it would be a case of a regional 
anomaly, not of a residual one. However, the general analysis of the gravity 
field negates this presumption. After deducting the gravity effect of the body, 
this anomaly practically vanishes from the image of the field on the Bouguer 
gravity map. In addition, if this were a case of a deeply rooted element con­
sisting of heavy rocks, the density of this element would have to be even 
considerably higher (a = 2.91 kgdm_rl) than the density of amphiboli te rocks 
to manifest itself in the measured gravity field in such shape and intensity 
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Variant I 

Variant II 
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Varian 

Fig. 7. Perspective of the best-fitting model 



202 BIELIK - SITÁROVÁ 

as this anomalous area appears . On the basis of knowledge of the density cha­
racteristics of the rocks of the inner Western Carpathians, this presumption 
does not appear to us to be well-founded. 

F r o m everything w h a t was said it follows t h a t the verification of the inter­
pretat ion models proposed in this paper requires a more detailed geological 
— geophysical survey. Nevertheless, in spite of the mentioned facts we think 
that the achieved results bring the first valuable information on quant i tat ive 
data of the size and depth of the investigated anomalous body. 

Translated by K. Janáková 
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