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SU^tMARY

After a definition of the term "crust of the Earth", the information obtained by 
deep reflection data for the Hungarian part of the crust is analyzed. By a new method 
called the method of surplus anomaiies further information about crustal thickness is 
drawn from deep drilling and gravity anomaly data. The Hungarian crust is shown to 
be thinner than the European average and the crustal thickening of the Alps to cease at 
the western frontier of the country. The evolution of the present weak crust from the 
rigid one of the Mesozoic is thought to have taken place in two steps of tension accom
panied by intense volcanic effusions and followed by subsidence due to isostatic read
justment.

Introduction

in the light of up-to-date geology and geophysics, that part of the Earth 
which carries the tension and suffers the deformation due to tectonic forces 
is the crust. The upper part of the crust, accessible to direct tectonical inves
tigation, and consisting to a great extent of sediments of small strength, car
ries hut a small fraction of tectonic load : it has but the role of a strain gage, 
registering and indicating tectonic deformation. Consequently, for the tec
tonic history and evolution of a given area, the strength and structure of the 
crust below is of utmost importance. This is one of the reasons which have 
accelerated research on crustal structure in most of the world and this is why 
it is worth while to investigate into crustal structure below Hungary, whose 
complex geological structure makes it into one of the more puzzling parts of 
Europe. As will be seen, the understanding of the properties of the underlying 
crust will to some extent aid the solution of structural problems.

In proceeding to study the Hungarian part of the crust, we will first of 
all define what we will exactly understand under this term. We will then 
analyze the distribution of crustal thickness on the hand of geological and 
geophysical data available and, finally, we will try to give an account of the 
process that led to the evolution of the present crustal structure.

Definition of the (rust

1 . In general opinion, the lower boundary of the crust is defined by the 
Mohorovicic discontinuity. We will accept this definition, there being no 
reason to reject it.

3



2. The problem of t he upper boundary of t be crust is not nearly as simple. 
For the upper boundary we may choose the following surfaces :

1 . topography,
2 . the basement in the geophysica) sense,
3. the basement it! the geológica) sense (after B u b n o f f ) ,
4. the surface of the crystalline,
5. the surface of the ,.primordial crust".
Let us consider these surfaces one by one. Topography, for one, has the 

advantage of being very well-defined and well-known. However, from the 
point of view of crustal statics, such a definition of the upper crustal boundary 
is rather misleading, as the more or less thick sedimentary series of small 
strength will then also belong to the crust, and consequently the strength of 
a crustal section of one and the same thickness will be much different, depend
ing on the percentage of unconsolidated sediments in the profile. Thus, for 
the purposes of crustal tectonics, this definition should be avoided.

The basement in the geophysical sense is a surface across which the main 
parameter of the prospecting method employed (seismic velocity, etectrical 
resistance, density) takes a considerable jump. Consequently, such a base
ment definition will depend on the geophysical method used and rocks rang
ing in age from Palaeozoic to Eocene will come to be regarded as the basement 
in one and the same profile. The equivocality of this definition is a serious 
disadvantage.

The geologist's basement complex in the sense of B u b n o f f  is the bulk 
of intensely folded or faulted, consolidated but not metamorphosed forma
tions. The lower boundary of this unit is coincident with the upper one of the 
crystalline and/or metamorphosed complex. Both the upper and lower sur
faces of the basement complex could be used as the upper boundary of the 
crust, with equal right. However, in the case of Hungary a great number of 
borings have reached t be former one, whereas the latter one has been touched 
only where the crystalline immediately underlies unconsolidated sediments. 
On the other hand, from the point of view of strength, the consolidated sedi
ments do not differ much from the bulk of the crust. AH in all, the definition 
of the upper boundary of the crust by the surface of the basement in the above 
sense seems to be most advantageous.

There remains to be considered the surface of the "primordial crust". 
However, although theoretically there must have been such a surface, it is 
impossible in practice to locate it at present, except perhaps in the areas of 
the ancient shields.

3. Considering the above said, we will define in the following the crust 
as the zone of rocks situated between the Mohorovicic surface and the geolo
gical basement. Somewhat deviating from general usage, we have drawn the 
stratigraphic limit of the basement complex at the transition upper to lower 
Cretaceous. The tectónica! reason for this was that the most intense period 
of Alpine orogeny touching Hungary was the Austrian one, occurring just at 
this time, whereas the geophysical reason was t hat in the country the average 
density and seismic velocity of rocks older than upper Cretaceous are but 
slightly different, while those of the younger rocks are much different from the 
corresponding parameters of the crust. Where the lower Cretaceous formation 
is lacking, the surface of the youngest underlying formation beneath is con-
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sidcred to be the boundary of the crust. Thus, in some areas this surface might 
he even the surface of the crystalline.

4. As to the subdivision of the crust thus defined, the general subdivi
sion into a granitic and basaltic layer will he accepted. However, the nota
tions ,,granitic" and ,¡basaltic" will not he considered to refer to petrographic 
composition, as 6^1 the upper layer contains — according to our definition — 
consolidated sediments as well, and is, according to recent investigations, 
rather granodioritic in nature, and Âl the lower layer, if of a basaltoid compo
sition at all, has to he gabbroic rather than basaltic. The notations are con
sidered to refer to the physical parameters of the layers, namely a velocity 
of longitudinal waves of about 5,6 km/sec for the upper and 6,5 km/sec for the 
lower layer and a density of 2,67 cgs for the upper and one of 3,0 cgs for the 
lower layer.

As to the Fortsch discontinuity, observed in Germany by F o r t s c h  
(1) and later also by others, it has not yet been demonstrated in Hungary up 
to now.

The ideal section of the crustal structure as above defined is seen in Fig. 2.

Distribution of crustal thickness

1. Valuable data on crustal structure were yielded by the deep reflexion 
experiments of G a 1 f i and 8  t e g e n a (2 , 3). The depth of the Conrad- 
surface was determined at five points, four of which have also yielded the depth 
of the Mohorovicic discontinuity. The main results of these experiments are 
listed in Table 1. In comparison with the similarly listed European data it 
is seen that the seismic velocities are not much different from those of other 
parts of our continent but that the /AA'A'/ic.s.S' o/ /Ac rr//.s7 ?'.s Ay .some J /o 7 Mo
rn e/re.s /c.s.s /Ado /Ac Amro/teo?; nrcroyc.

TaMe/

Locaüty

Depth 
of Conrad 

discontinuity 
kms

Depth

discontinuity
kms

V:
km/sec km'*e Reference

D u n a h a r a s z t i
E a r t h q u a k e
J a n .  t2 . ,  [ 0 3 0  . . . . 2 0 ,2 0 3 3 ,0 0 3 ,4 0 H,!)S B i s z t r i c s a n y -

C s a p o d  ...................... to ,o 19,0 .1,3 0 ,0
C s  o  m  o  r  (4) 

G à l f i - S t c g e n a

H a jd u s z o b o s z to  . . . ]0 ,3 23 ,0 3 ,8
(2)

G A t f i - S t e g e n a
(2)

G a t )  i - S t e g e n aK u r u d ........................... 2 ! , ' — 3 ,8 0 ,0

H e g y h a t m a r O c . . . M ',3 2 4 ,3 3 ,8 n ,o
(2)

G A t f i - S t e g e n a

S z a t a t n a k ................... 2 ) ,S 2S ,) 3 ,8 0 ,0
(2 )

G A i f i - S t e g e u a

H a s ta c t t  ...................... 2 0 — 22 2 0 — 33 3 ,0 0 ,3
(2 )

F o r t s c h  ( ! )
H c i g o i a n d ................ i " , ? 27 ,4 3 ,0 0 ,4 B a r t e l s  (3)
C a u c a s u s ................... 2b 4S ? 3 ,0 Y T  w  a  ) t w  a  d  s  e  (0 )
S o u th  G e r m a n y  . . . M l? 3 t  ? ? ? R e i c h  ( 7)
R i a u b e u r e n .............. 20 2S 3 ,9 0 ,3 R e i c h ( S )
M u r n a u ...................... t 7 — tS 3 0 — 3 t 5 ,5 6 ,0 D o h r ( 9 )
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In certain regions, as c. g. in the Californian Coast Ranges, most of the 
information on crustal structure is derived from natural earthquakes. How
ever, Hungary being a greatly ascismic territory, the first seismological crustal 
analysis was carried out in 1956 by B i s z t r i c s a n y and C s o m o r (4). 
The results are also seen in Table 1. The depth of the Mohorovicic disconti
nuity is seen to be around the European average ; this was to be expected, 
as, the depths of the interfaces being averages along the wave paths as shown 
in Fig. 1., the smaller depth in the Carpathian Basin is compensated by the 
greater depth across the surrounding mountain chains.

2. The great disadvantage of deep reflection and refraction work is the 
high cost, so that the points at which the crustal parameters are determined

Fiy. 2. Ideal section of the crust as defined by the deep-dt tiling and gtavny  
author showing the wave path of a deep reflection wave material already at hand.

6

are, and will continue to 
be scarce. Although for a 
time Hungary occupied 
the first place in Europe 
as to the areal density of 
deep reflections, and al
though further work is 
planned, the smaller de
tails of crustal relief will 
not emerge front the re
sults of deep-seismic work 
only. Therefore a some
what different approach 
was attempted, yielding 
information as to crustal 
structure on the basis of



The idea, utilized thereby was die following : If the unconsolidated sedi
ments are removed from above the basement and substituted by rock of den
sity equalling that of the crust, part of the Bouguer gravity anomaly will be 
compensated. The remaining part will be due — as the undulations of topo
graphy are eliminated by terrain and topographic corrections — to the undu
lations of the Alohorovicic surface. Disregarding the effect of eventual hori
zontal density changes in the crust, the remaining gravity anomaly will be 
roughly inversely proportional to the depth of the Mohorovicic disconti
nuity. Let us call this remaining part of the Bouguer anomaly the ..sMrpZas awo- 
7na%y".

3. To put this principle into practice, it would be necessary to know the 
average density and thickness of the unconsolidated sediments for a suffi
ciently close-spaced network of points. For part of the network of deep dril-

f ig .  3. Basement depth vs. Bouguer anomaly for deep drillings having reached base
ment ; Transdanubia. The dots Mihalyi 2—3 and Vat ought to be black ones.



lings in Hungary the thickness of the unconsolidated sediments is known. 
However, up to now no data concerning the average density of the sedimen
tary series were published. To circumvent this difficulty, the following method 
was applied.

We have plotted the Houguer anomaly for each drilling which reached 
basement against the depth of the basement, as seen in Figs. 3—4. Fig. 3 
contains the drillings of Transdanubia, Fig. 4 those of the rest of the country. 
If the Mohorovicic interface is supposed to be an equipotentia! surface and

jFit'y. 4. Basement depth vs. Bouguer anomaty for deep driilings having reached base
ment : area East of the Danube



the average density of the sediments above basement to be constant, the 
points referring to the individual drivings shouid be situated along a straight 
line. The equation of this !ine can be obtained by substituting in thought the 
sediments above the basement by a plane parade) horizonta) plate whose 
thickness equals the basement depth and whose density equals the difference 
of the density of the crust and the average density of the sediments. This is 
the principle employed also in the well-known Bouguer correction. The 
equation thus obtained is

ill

where ¿\gg is the Bouguer anomaly in milligals, the average density of the 
sedimentary series in g cm"3 , and A the basement depth in kilometres. The 
constant term D depends on the system of gravity measurements in which 
the Bouguer anomaly is considered.

As seen, the points of Diagrams 3—4 fail to fall along this line. The 
scatter of the points is quite important. However, in the knowledge of the 
areal distribution of the drillings an interesting relationship is observed : the 
plots belonging to one and the same structural unit are arranged along pa
rallel straight lines, thus for instance those of the Mihályi structure (black 
dots in Fig. 3), of the Central Hungarian Mountains (empty dots in Fig. 3), 
or those north of the Great Plain (black dots in Fig. 4).

The scatter may be due to the fact that we have made two improbable 
assumptions, namely uj that the Mohorovicic interface is an equipotential 
and that the average density of the sedimentary profile is constant. I t will 
be shown below that the hori
zontal variations of the average ToMe 7/
density ot the sedimentary com
plex cannot result in a point dis
tribution as seen in Fig. 3—4, 
and that consequently the devia 
tions of the points from a straight 
line are due to the relief of the 
Mohorovicic discontinuity.

4. The analysis of some thou
sands of bulk density data, de
termined by the Hungarian Oi! 
Trust on drill core samples, has 
led to the following results : oj 
The average density, as seen in 
Table II, of the pre-upper Creta
ceous rocks as computed from 23 
values is exactly 2,67 cgs., con
firming what has been said about 
the definition of the crust, The 
average density <r. of the sedi
mentary series is 2,23 cgs. Considering this value, the slope of the straight 
line in (1) is 18,4. The slope of the straight line approximating points of iden
tical structural position in Fig. 3 is 14,9. The agreement is quite good, The 
variations of average density are mostly due to the fact that the density of a



given kind of sediment — e. g. clay shale — of course varies with depth below 
surface. The average composition of the sedimentary sequence is quite con
stant, with c!ay shaic predominating. Exceptions occur oniy where there are 
thicker interbeddings of volcanic ash, whose density, however, varies much 
like that of clay shale. Thus the average density of the sequence will he some
what smaller where basement depth is small and vice versa, if  this variable 
density is, with the assumption of e. g. a linear variance with depth, intro
duced into ( 1 ), one obtains a parable whose curvature within the considered 
interval is rather small so that it can he approximated by a straight line. The 
slope of this line is about 10,0. What is important, however, is that /Ac oor/o/:oa 
o/ aoornge dcosd/y does ?;o/ u/ o// c.rp/o /Ac .s/ror/orc-dcpcnde?;/ sroder o/ /Ac 
po?'??/s, so that the latter must be due to undulations of the Mohorovicic inter
face.

5. Let us choose a "normal", reference crust. Let this crust be that 
underlying the Central Hungarian Mountains. The points along this struc
tural unit are connected by the "reference line" in Figs. 3—4. Now the gravity 
effect of the Mohorovicic interface's undulation will be given by the ordinate 
difference in Fig. 3—4 between any point and the point of the "reference 
line" situated vertically above or below. This ordinate difference is called 
"surplus anomaly". As a first approximation, let us suppose a linear rela
tion between the depth of the Mohorovicic interface and the amount of sur-

F/g. 3. Crustal thickness vs. surpius anomaly for the deep reflection 
shot points as given in (2.)

plus anomaly. The constants defining this linear relation may be determined 
by plotting the depth of the Mohorovicic discontinuity as given at the four 
Hungarian points of Table I against the surplus anomaly at these points. The 
result is Fig. 3. The linear relation is seen to prevail. To make the surplus 
anomalies easier readable, we have constructed a separate axis calibrated 
in surplus anomaly, as seen in Fig. 6 .

6 . On the hand of surplus anomaly values, a crustal thickness chart of 
a given territory may be constructed. For the Western part of Hungary such 
a chart is shown in Fig. 7. The points having served as a basis for this chart 
are those represented in Fig. 6 . The most important feature shown by this 
chart is that the oros/o/ /A/cAco/wg o/ /Ac „1 /p.s' ceases at the western boundarv 
of Hungary and docs wo/ co/d/osc Mow /A?'s coH7dry.
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7. As to the rest of the country 
the construction of a crustal thickness 
chart is under way. Meanwhile let us 
state that the thickest part of the crust 
below Hungary occurs in the area of 
the Mecsek Mountains, while the thin
nest points are around Lovaszi (Sou
thern part of Fig. 7.)and along the south
ern border between Danube and Tisza 
Rivers.

The geological evolution 
of present crustal structure

1 . The most striking feature of 
Hungarian tectonics is that while up to 
the Cretaceous the Carpathian Basin 
was a most rigid part of the crust, which 
yielded even to the most intense pa
roxysms of Alpine mountain building 
by small-scale folding and overthrusting 
(Saxonotype tectonics) only, after the 
Cretaceous its mobility has suddenly 
increased, became of the same order of 
magnitude as that of the Alps, and in 
the Pannonian stage of the Pliocene

6. Surplus anomaly reading graph

c i<7. 7. Surplus anomaly chart tor 
Western part of the country



even surpassed it. The greatest thickness oi post-Sarmatian sediments in 
the country is over 4000 metres.

The mobility of a given area is more or less accurately reflected bv the 
thickness of the sedimentary series therein formed, excepting when the area 
is rising. To illustrate the mobility of the Carpathian Basin, as related to that

tensive volcanism, mostly andesitic, has taken place in the Carpathian Basin. 
This is thought to have shattered the formerly so rigid crust. Both phases of 
volcanism were succeeded by phases of subsidence, of which the first one, in 
the Oligocene, occurred mostly north of a line of east-northeasterly direction, 
drawn across Balaton Lake. The greatest amount of subsidence may have 
been about 1500 metres. The second phase of subsidence has touched most of 
the country and, as has been stated, its greatest amount was about 4500 
metres.

3. As to the tectonics of this volcanism, all evidence seems to indicate 
that the Hungarian part of the crust was alter the Cretaceous subjected to 
intensive tensile stresses. These have brought about a weakening of the crust 
and the formation of magma herds by a mechanism e. g. as proposed by 
C o n t i n i  (11). After the molten magma thus formed was delivered to the 
surface, there has begun an isostatic adjustment of the disturbed crust, caus
ing the first phase of subsidence. The process was then repeated at a much 
larger scale, on the one hand as regards the volcanism : the products of this 
volcanic period cover about one quarter of the country with effusive series 
reaching the thickness of 1 0 0 0  m ; and on the other hand, as regards the 
amount of subsidence.

4. If the idea of the process described in the above point is right, then 
the area of Hungary has to be at present — the subsidence having come to 
end — in a state of isostatic equilibrium. That this is indeed so, is indicated 
by three facts.

û ) If on the hand of the deep reflection data we compute the pressures 
of the four crustal profiles of Table I upon a level of compensation of 40 kms,
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of the Alps, the thicknesses of 
the sedimentary series of the two 
areas were compared in big. 3. 
The Alpian data were taken from 
Kr a u s  (10), the Hungarian ones 
from the data of deep drillings, 
mostly those of the Hungarian 
Oil Trust. It is seen that in the 
Eocene and Miocene there are two 
important breaks in the series: 
in the Eocene the mobility of 
Hungary is for the first t ime equal 
to that of the Alps, while in the 
Helvetian it surpasses the Alps 
for the first time.

2. It is very important to 
note that after a Mesozoic evo
lution almost entirely lacking 
volcanism, in the Eocene, and 
esneciallv in the Miocene, ex-



\vc obtain Hie pressure vatues 
seen in Table III. The I per 
cent deviation may be readity 
explained by inaccuracies of the 
data used.

/y) The map of thickness of 
post-Sarmatian sediments as com
piled by K e r t a i  (1 2 ) shows 
an antiparallelism to the distribu
tion of crustal thicknesses as
determined from surplus anomaly data. With olher words: where the crust 
is thinnest, there the post-Sarmatian sediments are thickest, and pfce persa. 
This is in exact agreement with the principle of isostasy.

ĉ ) On considering the isostatic and Bougucr anomaly map of Hungary 
as proposed by F a c s i n a y and S z i l á r d  (13) one sees that the two 
are almost exactly identical. This indicates that the "isostatic" anomalies are 
mostly due to above-crustal uncorrected density differences and that the true 
isostatic anomaly in most of the country should be very smalt.
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TaMe 777

Locality Pressure atm.

Csapod ................................. 11,932
Hajdúszoboszló..................... 11,887
Hegvhátmaróc ..................... 11,805
Szalatnak............................... 11,735


