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F o r e w o r d  t o t he  E n g l i s h  e d i t i o n

The E d i t o r i a l  B o a r d  of G e o p h y s i c a l  T r a n s a c t o r  ns  has 
regarded as a great honour to accept the invitation of the Hungarian National Committee 
of the 1.1 group of the ACPG to publish this crustal monograph in English language 
according to the R e s o l u t i o n s  of the Freiberg meeting (1969) ■

Every effort has been made to present it nicely, through the “ window” of the English 
language, to the scientific world. Now, the reader is reminded that most of the material 
underwent, before the English, two, three translations. John C. Maxwell, the Editor 
of Prof. Beloussov’s B a s i c  P r o b l e m s  i n  G e o t e c t o n i c s  (McGraw 
Hill, 1962) writes in the P  r e f a c e of the book that “ few ideas can survive two trans
lations (let alone three; the insertion is mine; th e p r e s e n t  E d i t o r )  unchanged 
and unmarred” . Well, the same refers to this work. In order to avoid major misrepresen
tations, and to convey the authors’ meaning correctly, the original text has been adhered 
to, keeping in mind the meaning and not the words.

Anyway, the project described in this monograph is (and continues to be)  a grandiose 
one, comparable in size and significance with any of the great international geophysical 
achievements of the past decade.

The monograph contains an immense quantity of factual data, methodological conclu
sions and tectonic hypotheses. Tectonic hypotheses are always subject to disputes. 
Certainly, so will be in this case. But the popularity and liveliness of a paper is almost 
directly proportional with the bulk of comments. The E d i t o r i a l  n o t e s  wish to 
serve this purpose, by triggering an international discussion of the theme.

The Editors of the original Russian text are Prof. V. B. SOLLOGU B, Prof. D. 
PROSEN and Prof. H. MILITZER. The original title is Строение земной коры 
Центральной и Юго-Восточной Европы (по данным взрывной сейсмоло
гии), 1971.

The Russian (Cyrillic) names in the text have been transliterated. Other names are 
in their original forms, except such geographic names which have been adopted by 
the English language, e.g. D a  n ub e , W a r s a w , etc.

*

The English version has been reviewed and edited by the EDITORIAL OFFICE of 
G e o p h y s i c a l  T r a n s a c t i o n s .

T H E  E D I T O R
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INTRODUCTION

The laws of structural forms and the connected minerals cannot be fully understood 
without a proper study of deep crustal structure. This is the reason why the geo
physical investigation of the Earth's crust and upper mantle has recently come into 
the foreground.

The method of deep seismic sounding (henceforth: DSS, for short), as established 
by G. A. Gamburtsev renders a tool to investigate the crustal structure, including 
all the intracrustal interfaces (e.g. the Conrad discontinuity) and the crust/mantle 
boundary, the Mohorovilit discontinuity (henceforth Moho, for short).

The DSS permits not only the tracing of boundaries between rocks of different 
elastic properties, but it can also reveal deep-seated faults which may be sources 
and ascending channels of several kinds of mineral deposits. The study of crustal 
structure, consequently, has also economic significance.

The Central and Southeastern European region (henceforth: region for short), 
is geologically very variegated, and it has always drawn the attention of many sci
entists. Still, until 1963, DSS networks were so scarce as to have been insuitable to 
give information about the crustal structure of the region. As a matter of fact, until 
the date mentioned, isolated profiles were negotiated in Hungary and in the Soviet 
Union (mainly in the Ukrainian Soviet Socialist Republic) only.

In 1963, however, in the VIth Session of the CBA (presiding Prof. D. P rosed ) the 
Soviet delegates motioned a plan for a systematic crustal project, and the CBA 
decided upon eight international DSS profiles (IP), as follows:

Profile
Profile

Profile

Profile
Profile

Profile

Profile
Profile

I: Kharkov—Melitopol—Black Sea (Soviet Union);
II: Baturin—Kishinev (SU)—Brani (Roumanian People’s Republic)

—Marica (Bulgarian People’s Republic)—the Greek border;
III: Ostrog—Dohna—Beregovo (SU)—Debrecen—Szeged (Hungarian

People’s Republic)—Dubrovnik (Yugoslavian Socialist Federal 
Republic) ;

IV: Debrecen—Kaposvár (Hungary);
V: Warsaw—Zakopane (Polish People's Republic)—Kosice (Czecho

slovakian Socialist Republic)—Miskolc (Hungary);
VI: Békéscsaba (Hungary)—Brno—Prague (Czechoslovakia)—Weimar

(German Democratic Republic);
VII: Kaliningrad (SU)—Poznan (Poland)—Prague (Czechoslovakia);
VIII: Rostov—Kirovograd—Lvov (SU)—Swiçty Krzys Mts. (Poland).

These profiles traverse practically all the important tectonic units of the region.

11



The VIth, Moscow meeting of the Geophysicists of the Eurasian Region in 1964 
gave the plan consideration and accepted it unmodified.

In the 1965 meeting of the Geophysical Committee of the CBA a resolution, 
motioned by  Prof. A. Z átopek , was forwarded to the European Seismological 
Commission to include crustal investigations into the Commission’s program. Accord
ingly, in the next session of this Commission (Copenhagen, 1966) a working committee 
was organized to plan and supervise the European crustal investigations.

In 1966, the statutory meeting of the ACPG, in Leipzig, established the DSS 
working committee with Prof. V. B. Sollogub in the chair. The committee has been 
entrusted with the planning and supervision of DSS crustal work in the socialist 
countries.

Accordingly, seismic crustal investigations in the region are controlled along three 
channels: the Geophysical Committee of the CBA (presiding D. Prosen), the DSS 
(1.1) Working Committee of the ACPG (presiding V. B. Sollogub) and the European 
Seismological Commission. The latter runs two working groups in this theme: 
the Southeastern Group and the Synthesis Group.

In these last 6—7 years several panel meetings have been organized to sum up the 
results, resp. to plan the further measurements, namely: in Brno (1965), in Kiev 
(1966), in Ereiberg (1969) and once again in Kiev (1970). Besides these, the CBA, 
resp. ESC, have held, almost yearly, sessions and panel discussions on the matter: 
in Sophia (1965), in Belgrade (1967) and in Budapest (1969); resp. in Copenhagen 
(1966), in Leningrad (1968) and in Luxembourg (1970). These discussions dealt with 
the planning of measurements, the sizing up of the results and, further, organizational 
questions and comprehensive reports.

The original network has been, in the meantime, completed by five more profiles.
Profile IX : offshore profile on the Black and Azovian seas [from Xoghaisk

to the Sinope peninsula (Turkey)] ;
Profile X : Black sea offshore profile from the Caucasian coast to Varna

(Bulgaria), continued on the mainland until Yugoslavia;
Profile X I : in the Odessa-Gulf (Crimea-Danube delta), further, in westward

direction, Galaç — Vrancea way, to the intersection with Profile IV 
(Hungary) ;

Profile X II: between Profiles II and III, traversing Soviet, Roumanian and
Bulgarian territories in a nearly N—S direction;

Profile X III: from the SW part of the Black sea, across Burghas to the massif 
Rhodope, further, traversing Yugoslavia to the Adriatic sea.

In the territories of Czechoslovakia, Hungary and Yugoslavia several profiles have 
been planned to connect the described network to the Alpine and adjacent regions 
(Austria, Italy, German Federal Republic), with a final aspect of a united European 
network.

In some of the countries national profiles (XP) have been afforded: in the Soviet 
Union in the Donets basin, on the Scythian platform, on the LTkrainian shield and 
in the Black sea offshore region; in Yugoslavia: in the Dinarides and in the Adriatic 
sea offshore region; in Hungary: in Transdanubia (Pannónia).

Fig. 1 shows the arrangement of the planned profiles, indicating those which have 
been finished by 1, Jan., 1971.

Each of the participating countries made the measurements on their own territory, 
cooperating in the frontier zones.

12
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The actual measurements were carried out by the following institutions : Bulgaria : 
the Geophysical Trust (Sofia); Czechoslovakia: the Institute of Applied Geophysics 
(Brno) and the Geophysical Institute of the Academy of Sciences (Prague) ; German 
Democratic Republic: the Geophysical Institute of the Mining Academy (Freiberg) 
and the Geophysical National Company (Leipzig); Hungary: the Hungarian Geo
physical Institute, Roland Eötvös (ELGI, Budapest); Poland: the Geophysical Ins
titute of the Academy of Sciences and the Central Board of Geology (Warsaw) ; Rouma- 
nia: Institute of Applied Geophysics (Bucharest); Soviet Union: Dnieprogeofizika 
Trust, Ukrgeofizrazvedka Trust (Kiev), Federal Institute of Geophysical Investigations, 
Offshore Dept., (Moscow), the Oceanographic Institute of the Academy of Sciences 
(Moscow), the Geophysical Institute of the Ukrainian Academy of Sciences (Kiev), 
the Earth Physics Institute of the Academy of Sciences (Moscow), the Lomonosov 
University (Moscow); Yugoslavia: the Company for Geological and Geophysical 
Exploration (Belgrade) and the Belgrade University.

A doubtless advantage of the investigations to be described that they were carried 
out mainly in the system of continuous in-line profiling, yielding direct, correlating, 
reverse time distance curves from the most important crustal interfaces. Only in the 
beginning and in case of very rough topography were point source observations 
(PSO), critical point observations (CPO) or point soundings executed, for obvious 
reasons.

The total sum of the DSS in line-kilometers, until 1, Jan., 1971, is 13,420 km. In 
details it is as follows.

Bulgaria: 670 km; Czechoslovakia: 600 km; GDR: 200 km; Hungary: 1,200 km; 
Poland: 1,050 km; Roumania: 200 km; Soviet Union: 8,800 km (Ukrainian Soviet 
Socialist Republic: 5,100km, Black sea offshore and deep water coverage: 3,700km); 
Yugoslavia: 700 km.

More representative is, however, the specific coverage, i.e. line-kilometer/1,000 km2. 
This is the following:

Bulgaria 6,1 Poland 3,4
Czechoslovakia 4,7 Roumania 0,8
GDR 1,8 SU (Ukrainia) 8,5
Hungary 13,0 SU (Black sea) 9,0

Yugoslavia 2,8

The density of continental coverage is greatest in Hungary and in Ukrainia.
Until recently, crustal structure was usually assumed as rather uniform all over 

large areas. This is the reason of the loose network. The measurements in Ukrainia, 
however, have shown that the number of intracrustal discontinuities and deep 
faults is very different even within a single tectonic unit. Network density should 
be, consequently, substantially increased in future.

Beside the actual geologic results, the participants arrived at theoretical, metho
dological conclusions too, in connection with field work and interpretation.

The requirement for summing up the results of the first stage of the program arose 
quite as a matter of course in the Freiberg meeting (1969). A resolution was accepted 
to publish these results in a monograph in the Russian language by the GIUAS, 
Kiev; in German by the GIMA, Freiberg, and in English by the ELGI, Budapest.

This monograph is devoted to a great extent to pure seismic problems, such as 
field procedures, wave analysis, velocity vs. depth functions, etc. Due consideration 
will, however, be given to the description of the international profiles, and finally, 
based on all available material, an attempt will be made to outline the deep
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structure of the Earth’s crust in the region and to search for a correlation between 
deep structures and surface manifestations of tectogenesis. Hypotheses will be 
advanced about the deep-seated causes of the mega-structures of the Earth, and 
also some theoretical-geologic questions will be discussed.

The authors are well aware of failing to have solved all problems. The completion 
of the entire program, however, together with the necessary methodological de
velopment, will considerably improve our approach to questions hitherto unsolved 
or disputed. The monograph itself is thought to contribute to methodological de
velopment, and to a better understanding of the crustal structure of the region»
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AN OUTLINE TECTONIC DESCRIPTION 
OF CENTRAL AND SOUTH-EASTERN EUROPE

V. YE. K H AIN *-V . I. SLAVIN*

The region tectonically comprises the western margin of the European (East- 
European, Russian, Fenno-Sarmatian) ancient platform, the eastern termination 
of the Central European Paleoides (mainly Hercynides) and the central part of 
the South-European Alpides (Fig. 2).

The European ancient platform

The main elements of the European ancient platform, within the region are the 
western part of the Russian platform and the Ukrainian shield. The former lies 
between the Baltic, resp. Ukrainian shield and consists of the Baltic syneclise, the 
Belorussian-Voronezh anteclise belt and the Pripet-Donets aulacogene system. Its 
oldest and most stabile part is bordered in the southwest by the so-called Torn- 
quist-Teisseyre line. This line is a zone of deep faults stretching from SW Sweden 
across the Baltic sea, Poland, Western Ukrainia and Moldavia, to the Black sea. 
Here it changes strike to E-W, and traversing the Perekop strait and the Azovian 
sea it is heading towards the NW foreground of the Caucasus.

The NE boundary of Hercynian and Alpine orogenies, in W Ukrainia and Mol
davia, coincides with the Tornquist-Teisseyre line. The two orogenic belts start 
diverging in westernmost Ukrainia and a Post-Carelian but Pre-Hercynian base- 
mented platform is wedged inbetween with a statistical NW-SE strike. Its tec- 
tonical sub-units are the Dano-Polish intraplatform folded zone, the Danish ante
clise and the SE termination of the North-sea syneclise. This latter is the youngest 
and most mobile part of the European ancient platform (Bogdanov, 1962, 1968). 
It is, in fact, its margin.

The northernmost part of the platform is the Baltic syneclise. It has a general 
strike trend o f SW-NE but its axis declines somewhat towards SE. Its SW flank 
directly contacts the Baltic shield, the S flank leans against the Mazurian-Belo- 
russian anteclise. The deepest part of the syneclise is around the Gdansk Gulf, the 
basement being in 3 km depth.

The origin of the Baltic syneclise can be traced back to the early Paleozoic, to 
the Caledonian evolution of the platform. Its shape underwent substantial changes 
in the Hercynian and Alpine cycles (Suw eizdis , 1968). Originally it used to be 
situated to the south from the present Finnish Gulf and continued far eastwardly 
grading into the present Moscow syneclise. According to Suweizdis (op. cit.) it 
included also the western part of the present Mazurian-Belorussian anteclise.

* Lomonosov University, Moscow
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When in the early Hereynian times the Latvian saddle came into being and the 
Belorussian anteclise took E -W  direction the original (Caledonian) NE boundary 
of the Baltic syneclise had been replaced by the present eastern and southeastern 
boundary. In the SW it graded into the deep Dano-Polish depression, which might 
have been perhaps a Caledonian intracratonic miogeosyncline, similar to the Her
eynian Donets basin. The re-arrangement took place at the end of the Hereynian, 
resp. at the beginning of the Alpine cycle, anyway, before the late Permian. The 
area of depressions diminished, shifted to the south and served as a depression 
first for the Zechstein then for later (Triassic-Cretaceous) sedimentations. This 
depression is known as Lettish-Polish syneclise.

The Mazurian- 'Belorussian and Voronezh anteclises represent a uniform SW-NE 
striking gently rising belt of the basement. Where most elevated, the basement 
rises even above sea level. It had got its present shape in the Hereynian cycle, 
obviously together with the Pripet-Donets depression which separates it from 
the Ukrainian shield. In the Caledonian cycle together they created the uniform 
Sarmata shield of the platform, separating the Baltic syneclise from the Baltic 
shield. To the north from the Belorussian-Voronezh elevated zone reaching in the 
east to as far as the river Volga, the Moscow syneclise detached itself in the Her
eynian cycle, replacing the eastern part of the Caledonian Baltic syneclise. The 
Mazurian-Belorussian, resp. Voronezh anteclises are separated by the Orsha ridge.

To the south from, and parallel with the anteclise, there is a depression zone 
starting W  from the Podiaska-Brest syneclise. In Poland it is deeper and similarly 
to the Baltic syneclise, it belongs to the Dano-Polish aulacogene. In the east, in 
the Soviet Union, it is shallower. The transverse ridge of Poless separates the Brest 
depression from the Pripet graben. The Poless ridge lies on the axis of a N-S striking 
elevated belt of the basement. This belt can be traced from the Baltic shield, through 
the Latvian saddle, Belorussian massif and the widening western part of the Ukrai
nian shield, to the Odessa Gulf.

The Pripet graben as well as the adjacent Dnieper-Donets basin started their 
existence at the end of the Middle Devonian only. Both structures underwent 
intense subsidence along bordering staggered faults, in the late Devonian and early 
Carboniferous. The late Devonian is characterized by salt deposits developing 
later to diapirs more developed in the Dnieper-Donets aulacogene. The aulacogene

Fig. 2 The tectonic sketch o f Central and Southeastern Europej ------->-
The European ancient platform
3 basement exposures-shields (Ukrainian shield US); 2 slopes of shields: 3 syneclises and platform depressions 
(Baltic syneclise BS. Podlaska-Brest syneclise PB), pericratonic depressions; 4 aulacogenes (Pripet PR, 
Dnieper-Donets DD)
Late Precambrian and Paleozoic platforms
5 flat sedimentary cover; 6 Dano-Polish intraplatform folded zone (DP)
The Baikalian folded zone
7 South Dobruja (SD)
Paleozoic folded belts
8 Caledono-Hercynides o f the Swiçty-Krzys Mts (SK) and the Sudeten (S); 9 Hereynian folded belts: Saxo- 
Turingian (ST), Moravo-Silesian (MS), Central Dobrujan (CD); 10 Bohemian massif with the Barrandian 
synclinorium (BB); 11 Lower Silesian Molasse depression (LS)
Kimmerian (Early Alpine) folded belts
12 Horth Dobruja (HD), Istranca (I)
Alpine young folded belts
13 Carpathian frontal foredeeps, etc.; 14 outer belts: a) Flysch, b) limestone; 15 inner belts, exposures of 
the Preaustrian floor: a) metamorphic, b) non-metamorphic; 10 other types o f the inner belts: a) Flysch 
(Dinarian), b) volcanogene, c) geanticline Molasse-the Dinarian Vardar zone (VZ); 17 median massifs: Moesian 
(M), Rhodope (R ), Serbo-Macedonian (SM), Pelagonian (P ); 18 Molasse depressions: Hungarian Little Plain 
(LP), Hungarian Great Plain and SE Transdanubia (GP), Transylvanian (T). Lower Thracian (LT); 19 epi- 
Hercynian platform drawn into the Alpine uplift (W  Stara Planina); 20 epi-Herevnian platform drawn into 
the Alpine subsidence and uplift (Predbalkan belt); 21 extensive ultra-basites; 22 areas of young volcanism; 
23 salt diapirs; 24 deep faults; 25 Happes
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stage proper had, in both depressions, terminated probably in the beginning of 
the Mesozoic (some signs suggest that towards the end of the early Carboniferous). 
Then the activity of faults stopped, the intensity of subsidence weakened but the 
faults extended beyond the limits of the aulacogene to the marginal parts of the 
Ukrainian shield and the Belorussian-Voronezh anteclise. In the end, the aulacogene 
gave site to the much broader and milder Ukrainian syneclise filled up by Mesozoic 
and Tertiary sediments.

The depth of the crystalline basement reaches 5-6 km in the Pripet aulacogene, 
9-12 km in the Dnieper-Donets aulacogene, but it does not exceed 3 km in the 
area of the Chernigov ridge separating them. To the east from the zone of transverse 
faults of Orekhovo-Pavlograd, the Dnieper-Donets aulacogene grades into the 
Hercynian intracraton Donets miogeosyncline (Donets coal measures). In spite of 
the grading there is a doubtless general difference between the Donets basin, rcsp. 
Dnieper-Donets depression.

In the Donets basin the depth of the basement grows to 15-17 km, the cover 
includes the 10-12 km thick paralic Carboniferous coal measures. The folding is 
o f  linear character.

The Donets basin started subsiding in the late Middle Devonian accompanied 
by intense volcanic activity. In the early Carboniferous the subsidence had slowed 
down; tectonically and faciologically (carbonates) the differences had decreased 
to all but nil. Subsidence then enlivened again; coal measures in the Upper Carbo
niferous Molasse-like red clastic formations, and in the early Permian, evaporites 
and carbonates settled. This is the time of the inversion of the Donets geosyncline 
and of the completion of folding. To the north from this structure came the rudi
mentary fore-Doniets depression into being, giving way to the Permian transgression 
to deliver sediments, and to create the second salt-formation in the periclinal part 
o f the Dnieper-Donets basin. The Donets ridge has kept the slowly rising, the fore- 
Doniets depression the slowly subsiding, trend ever since. In the SE the Hercynian 
folded system is covered by Mesozoic and Tertiary, and continues as far as the 
Caspian sea, denoted as the buried range of Karpinsk.

The southern boundary of the depression-system just described is the Ukrainian 
shield. It is the widest in Volhynia and Podolia, it tapers eastwards and grades 
into the buried Rostov ridge. The more the Donets miogeosyncline approaches 
the fore-Caucasian buried Hercynides, the more the shield changes into a median 
massif of the Hercynian geosyncline.

Sometimes one finds in the literature both the Ukrainian shield and the Pripet- 
Donets aulacogene-system to be included in the Paleozoic geosyncline-system. This, 
however, is objected by the pure platform character of the sediments of the Brest 
basin, and of the Volhynian-Podolian region, which are in pericratonic position 
since the early Paleozoic. The Ukrainian shield had been consolidated in the Carelian 
phase, and it was inundated next in the late Cretaceous only. Its shield character 
cannot be doubted.

The Ukrainian shield consists of an intricate complex of dynamo-metamorphic 
and granitoide rocks of Archean, early Pre-Cambrian and early Proterozoic age. 
The Archean rocks are granitized and migmatitized blocks of NW striking domical 
structures. The early Proterozoic strips between them used to be of geosyncline 
character (see: jaspilites). These strips show up in the magnetic anomaly pattern 
beyond their exposure area. In the Carelian period these geosynclines became folded 
(e.g. the synclinorium of the Great Krivoi Rog). Where these throughs come close 
to each other the separating Archean blocks can be regarded as median massifs.
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Within the Ukrainian shield (including its buried parts) three Carelian folded 
systems can be distinguished. The best known is the Saksaghan structure, to the 
west from the Konsk-Belozer one, and to the east from the Ingulets-Odessa one. 
The magnetic anomaly pattern suggests these structures to continue as far as the 
Belorussian-Voronezh anteclise. The Carelides of the area of the famous magnetic 
anomaly of Kursk range toward the Rostov ridge and the city of Maikop.

In the NW, where the Ukrainian shield meets the Pripet graben, a late Middle 
Proterozoic (or early Upper Proterozoic) series, the so-called Ovruch series, striking 
SW-NE, crops out. It is epimetamorphic and slightly folded. It can be regarded 
as a late fill o f an intracratonic geosyncline (such ones being abundant at that 
time), or it may be one of the oldest aulacogenes of the Russian platform. This 
series is, at present, undisclosed beyond its exposure area.

Some large and intricate intrusive bodies are known in the western part of the 
Ukrainian shield, indicating the final consolidation of the basement. They consist 
o f  gabbros, labradorites, Rapaakivi granites, etc. One of them is the pluton of 
Korosten. Somewhat older is the basic complex of the Azovian lowlands.

*

Between the Tornquist-Teisseyre line and the northern boundary of the European 
Hercynides, one finds, just along the line, the Dano-Polish folded zone, denoted 
by Z nosko (1969) as a para-anticlinorium.

This zone can be traced back to the Permian era of intense salt precipitation 
(the later salt structures). The inversion of the Dano-Polish depression and the 
formation of a folded zone with salt diapirs can be put to the end of the Cretaceous. 
At the same time the adjacent Warsaw-Lublin, and the Szczecin-Lódz-Mehov 
basins underwent intense subsidence. Their Cretaceous thickness alone, reaches 
3 km. The Post-Permian sedimentary thickness of the Dano-Polish depression 
(aulacogene) is 7-10 km.

The Pre-Permian history of the Dano-Polish mobile belt and its adjacent strips is 
a  matter of disputes. Some authors (e.g. Z nosko, 1964a, b ; 1969) connect the Scan
dinavian Caledonides to those of the Swiçty Krzys Mts. in Poland (Kielce zone).

The Old Paleozoic complexes, especially the Ordovician and Silurian (Goth- 
landian), westwards thicken indeed. They are more distrubed in the west and an 
unconformous, red, Molasse-like Devon covers them.

An analysis of samples from the island Rügen (Fran k e , 1967), however, suggests 
a dislocated but, nevertheless, platform character Ordovician.

Anyway, as a matter of fact, the Dano-Polish mobile belt is bordered in the west 
by a Precambrian massif. This fact, together with the Rügen data, suggest the Dano- 
Polish belt, in the early Paleozoic, to have been a (transitional) aulacogene, which 
had undergone a weak Caledonian folding. Nothing contradicts, further, that the 
Caledonian aulacogene had been preceded by a Baikalian (late Riphean*) one, 
which might as well have been an intracratonic geosyncline.

In the W and SW, the Danish anteclise grades into the North-sea syneclise. 
Its central part enters the GDR and Poland (Szczecin trough). The deepest basement 
is in the north-western GDR: 7 km. The fill of the syneclise consists of thick 
Permian and Post-Permian sediments (with Zechstein salt and connected struc
tures). Pre-Permian complexes are hitherto unknown.

* Pre-Cambrian.
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The area of the Hercynides, early Alpine (Kimmerian) 
folded belts, and young platforms

The Hercynian cycle is best revealed in belts west from the river Elbe. These 
structural and faciological belts are generally ENE-SWS striking (K ossmat, 1927).

The first of these belts is the sub-Hercynian, early Upper Carboniferous (West
phalian) foredeep, including the Molassoide coal measures of the Ruhr area. The 
folding of this belt can be timed around the Saalian phase.

The next is the Rhenohercynian miogeosyncline belt, best developed in the Harz 
Mts., with thick Devonian shale formations, and with Old Paleozoic beds uncon- 
formablv lying underneath (Caledonian folding), exposed in the west as far as in 
Belgium. In the south, the Devon comprises also diabase-sills and basic, tufaceous 
beds. The Devon is covered by Lower Carboniferous (Kulm) Flysch-like formations. 
After this sedimentation took place the locally most important phase of the given 
cycle: the Sudetic phase. The folding is intense; isoclinal or nearly isoclinal folds 
are grouped in anticlinoria and synclinoria. In the outer part of the belt the vergence 
is northwards, elsewhere it is variable. In the southern part of the Harz Mts. Nappe- 
like phenomena occur, together with minor granite plutons.

The Rhenohercynian zone is bordered in the south by the so-called Mitteldeutsche 
Schwelle (Middle-German Ridge). It is exposed in the Rhine-vallev and stretches 
through Turingia as far as to the Nysa-Odra interfluve, covered though. It is com
posed mainly of Precambrian rocks and played the role of an intrageanticline in the 
Central European Hercynian geosyncline. In the orogenic cycle it subsided to form 
the basement of intermontane depressions filled up by Paleozoic Molasse sediments. 
In the GDR, the largest depression of this kind is the Saal depression.

The Middle German Ridge separates the Rhenohercynian belt from the inner 
Saxo-Turingian belt of eugeosyncline character. The latter has a Precambrian 
(Baikalian) crystalline basement exposed here and there in the form of granite- 
gneiss domes (Münchberg massif, Freiberg cupola, etc.). This basement is covered 
by a rather thin and incomplete Cambrian, followed by Ordovician-Lower Carbo
niferous series representing the Hercynian cycle. Except the basal sandstones 
which exceed sometimes 1000 m in thickness, the Ordovician, Silurian and Devonian 
are composed of rather thin, black shale formations. In the Silurian and Ordovician 
complexes, basic and neutral volcanites are rather wide-spread. The formations 
of the Kulm represent a transition between Flyscli- and Molasse-like sediments. 
The main phase of folding is now the Sudetic now the Breton phase. Granitoide 
plutons are abundant, and the intensity of folding is, partly because of them, uneven. 
The shale complexes are the most folded ones.

In the S, resp. SW, the Saxo-Turingian belt joins the Bohemian Massif. This 
massif of approximately rhombic shape is bordered by nearly SW-NE and NW-SE 
striking deep faults. Its western margin belongs to the GFR, its southern margin 
to Austria. The core of. the massif is the dynamo-metamorphic Precambrian (or 
metamorphosed Paleozoic) Moldanubicum interspersed with Hercynian granites. 
The NE side joins the Algonkian folded Erzgebirge (Ore Mts.). From the NE the 
similarly striking Prague- or Barrandian synclinorium is wedged in, terminating 
at Plsen. It consists of rocks from Algonkian to Middle Devonian. Its most intense 
evolution had been finished as early as in the Silurian.

To the east from the river Elbe the general NE strike changes to ESE. The fore
deep is reduced, terminating in the Bug -Volhynian coal basin (Poland-SU border 
zone). A Rhenohercynian belt terminates in the Polish Swiçty Krzys Mts. which



likewise shows the signs of the dying away of a geosyncline system. This unit can 
be divided into the northern Lysa Gora belt without, and the southern Kielce belt 
with Caledonian unconformities. The northern belt continues into the Soviet Union 
(towards Lvov), tapering. The character of formations and dislocations suggests 
that it is here, in fact, the folded margin of the slope of the platform.

The southern, gradually degenerating, belt can be traced from Rava-Russka 
in the Soviet Union. It plunges below the Alpine foredeep of the Carpathians and 
gets out of sight. With the Hercynian foredeep, the third Paleozoic belt pinches out 
in the east on the platform’s margin.

The next belt to the south consists of Riphean green schists unconformably un
derlying Cambrian formations. It has been drilled in the background of the Swiçty 
Krzys Mts. The complex is the basement of the Polish Carpathians, and it can 
be traced through Ukrainia into Roumania where, in Dobruja, it surfaces. The lower 
Molasse and Flysch of the Carpathian foredeep consist of its eroded material, hence 
it is supposed to have been broadly high and dry as long as from the Cretaceous 
to the Middle Miocene (Stanislavo-Dobruja elevated belt; M uratov, 1949).

The green schist belt, under the Lychóv basin and on the Krakow plateau is 
replaced by a slightly folded Devonian and Lower Carboniferous carbonate strip 
of moderate (2-3 km) thickness. This Paleozoic strip of Krakow can be regarded 
as a branch of the Rhenohercynian belt, dying away.

The Middle German Ridge presumably does not terminate at the Nysa-Odra 
interfluve (where it is drilled). On the contrary, it may be assumed to continue, 
somewhat even broadened, under the fore-Sudetic monocline, where the crystalline 
basement (fore-Sudetic block) is drilled in several sites. The Ridge probably grades 
into a Precambrian block, an equivalent of the Moldanubicum, underlying the 
Upper-Silesian coal basin, the western, Polish, part of the Carpathian foredeep, 
and the adjacent Flysch belt. This is the Stilleian so-called “ Vistulicum”  (being around 
the upper reaches of the river Visla). In this paper the term “ Vistulian block”  
will be used.

The Saxo-Turingian zone continues towards the folded mountains of the Sudeten, 
along the Czechoslovakian-Polish border (Stille: Lugicum). A zone of transverse 
faults divides the Sudeten into two clearly distinguishable parts. The Western 
Sudeten are characterized by a late Caledonian unconformity, further, a Lower 
Devonian hiatus, and thin, carbonate Paleozoic. The Eastern Sudeten are character
ized by Hercynian features, with initial (diabase) volcanism and large faults cutting 
through the Ordovician to the Kulin.

The strike of structures (of any kind) in the Eastern Sudeten changes to SW 
from ESE. This belt is overthrusted on the SE margin of the Bohemian massif, 
buried partly by the Carpathian Miocene foredeep (Czechoslovakian territory). 
In the SE this zone is the eastern side of the Upper Silesian basin, and it is denoted 
as Moravo-Silesian zone (Stille: Moravicum). Its structure is very intricate and 
hitherto unravelled.

The matter is under dispute. There is no reason in discussing here the opposite 
views. It seems to be a matter of fact that the trough-like Moravo-Silesian belt 
separates the Bohemian Massif from the buried Vistulian block. The two blocks 
used to be coherent until the early Ordovician formation of this trough.

The Vistulian block, the Bohemian massif, the Schwarzwald (Black Forest), 
and the linking so-called (Stilleian) Vindelician barrier or threshold, the Vosges, 
and the French Central Range, all seem to form a coherent belt in the median massif 
of the Central European Hèrcynides, in the continuation of the Ukrainian shield.
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The fundament of the European platform originally must have extended over the 
entire area of the Hercynian folded Central and Western Europe. Later, it underwent 
metamorphism and it became partly destroyed. In the east, however, it has been pre
served.

*

In the region also Dobruja and the Crimean Lowlands belong to the Hercynian 
cycle. In the Crimean Highlands and in North Dobruja, the Hercynian cycle grades 
into the early Kimmerian phase.

Where the Southern Carpathians make a southward curve to merge into the 
Balkan Mts. (Stara Planina), the two ranges form a half-closed arc embracing mainly 
lowlands (Lower-Danube Plain, Valachian Plain), including NE Dobruja’s hilly 
country. The central part of this area is occupied by the Moesian platform, and 
the whole area is separated from the European platform by the folded system of 
Dobruja.

The basement of the oldest part of the Moesian platform consists of Precambrian 
crystalline schists, including early Proterozoic ones akin to those of Krivoi Rog. 
The sedimentary cover begins with Ordovician and comprises a rather complete 
Paleozoic, Mesozoic and Tertiary sequence. Its thickness reaches 5-6 km. The 
cover forms a flat, but still intricate enough syneclise.

In the bordering (NE) Dobrujan folded belt, from SW to NE, Baikalian, Her
cynian, and early Kimmerian cycles, resp. phases show up in a successive order. 
The Baikalides of South Dobruja are represented by the green schist complex al
ready mentioned. This continues northwestwards under the Carpathian foredeep 
and the Carpathians themselves. It was hit by drillings on several sites. The Her- 
cynides of Central Dobruja are separated from the Baikalides by the deep faults 
of Peçineaga-Kamen. The Hercynide complex consists of quartzite-schists, locally 
of Ordovician-Silurian limestone banks exceeding 2500 m in total thickness, of 
a thin (400 m) Devonian complex, of an about 1500 m thick Carboniferous-Lower 
Permian terrigeneous complex containing conglomerates, tuffs and neutral lavas 
underneath, with granite intrusions. The Hercynian foldings are complicated by 
SE-NW striking linear folds.

In North Dobruja, the Baikalide and reduced Hercynide basement is overlain 
by Lower and Middle Triassic limestones, settled after the Post-Hercynian compen
sation. The intense subsidence had been, however, thereafter rejuvenated with 
the accumulation of an Upper Triassic Elysch formation. In the late Triassic, resp. 
early Jurassic, another folding had taken place, with traces of granite intrusions. 
All these are in accordence with the Roumanian geologists’ assumption of North 
Dobruja being a Hercyno-Kimmerian folded zone. The Upper Triassic Flysch 
can be, to a certain extent, correlated with the Crimean Flysch of the Taurus 
series.

The northernmost part of the rudimentary Hereynian-early Kimmerian range 
is a foredeep filled up by about 2,5 km thick terrigeneous, Molassoide, slightly 
folded Lower and Middle Jurassic beds. This foredeep is as subnormal as the entire 
range itself. The Jurassic is underlain by a Permian red sandstone series with eva- 
porite interbeddings.

The next (Moldavian) belt is entirely of platform-character, with a late Juras
sic-early Cretaceous subsidence, resp. sedimentation. It belongs to a system of 
grabens fringing the north coast of the Black-sea: e.g. the Kharkinit and Sivash 
grabens lining the ancient platform (the southern slope of the Ukrainian shield)
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and ranging with the ïïercynides and early Kimmerides of the Crimean Lowlands, 
of the Azovian sea and of the Western Caucasus foothills.

The structure of the belts, S from the Russian platform and the folded Dobruja, 
N from the Crimean Highlands, and the Greater Caucasus (including the NW margin 
of the Black and Azovian seas), contrarily to earlier assumptions (which identified 
them as belonging to the epi-Hercynian Scythian platform), has proved to be rat
her complicated, and up to now it has not been unravelled. The “present”  sequ
ence of the sedimentary cover starts with Upper or Middle Jurassic, here and there 
with Cretaceous. The basement is heterogeneous. It consists of blocks from differ
ent stabilizational phases, separated by faults. Such is e.g. a Baikalian block which 
had played the role of a median massif as early as in the time of the Paleozoic geosyn
clines. Similar blocks occur to the east from Simferopol, and probably also in the 
basement of the Alpine foredeep Indolo-Kuban. Another basement-type is the 
younger folded Hercynian block (Lower and Middle Carboniferous), e.g. in the 
Crimean Lowlands, in the Azovian sea area and elsewhere.

The Triassic evolution of the sedimentary cover can be compared, to a certain 
extent, with that of the Hercynides of Central Dobruja. The folding must have taken 
place latest in the early Kimmerian phase.

This belt extends from North Dobruja through the Tarkhankut peninsula to the 
Yeisk-Berezan dislocation zone (Shlesotger, 1970). It is worth mentioning that 
the Tarkhankut depression, in the early Kimmerian phase, did not undergo full 
inversion but finished its inversion at the end of the Paleogene only. Henceforth, 
its activity ceased (Sulestnger, op. cit.). The North-Dobrujan, South Moldavian, 
East Kuban depressions are Middle Jurassic compensation grabens. The Yeisk- 
Berezan belt underwent an early Kimmerian inversion and acted as a threshold 
o f rather intricate pattern until the end of the Paleogene.

The young platform proper, started developing in the late Jurassic, early Creta
ceous period. Faulted platform depressions are the South Moldavian, Kharkinit 
and Sivash depressions.

The Alpine zone proper

To the south from the young platform structures, mentioned in the previous sec
tion, lies the peculiar structure of the folded Crimean Highlands of transitional 
character. Its present form is a brachi-meganticline, having its present shape 
from the late Alpine cycle. The development of the Crimean geosyncline mainly 
took place in the Middle Triassic-Liassic period: a period of Flysch formation 
(Taurus series) and spillite-ceratophyre volcanism. After an early Kimmerian folding 
the subsidence went on, slowened though. The subsidence was accompanied by 
rather intense igneous activity, finished with basic and acidic sub-volcanic in
trusions. The late Jurassic is characterized by alternating clastic (terrigeneous) and 
carbonate sedimentation, by subsidence along longitudinal faults and the activation 
o f transverse faults. In the early Cretaceous (Berriasian), the tectogenesis of the area 
was finished by the late Kimmerian uplift of the Crimean Highlands.

Some Cretaceous formations lie unconformably over the Berriasian, these suffered 
in the late Alpine cycle mild vault-like deformation only.

In the Crimean pericline, in the Kerch-Taman depression, luwvever, the Creta
ceous and even the Paleogene underwent intense folding. An interesting feature 
o f the area is the abundance of mud volcanoes and the thickness of clayey series 
(Oligocene-Lower Miocene; 2,5-3 km thick) obviously interrelated.
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The inner structure of the Crimean Lowlands is characterized by an intense 
folding of the “ Taurus”  stage. The Middle Jurassic is rather quiet. Transverse 
faults (e.g. at Feodosiya) are important in the structural pattern. The southern 
“ down-throw”  of the Crimean Highlands, according to seismological evidence, is 
a reverse fault, alive up to now, thrusting below the unit.

The Greater Caucasus, as recently discovered, is not a direct continuation of the 
Crimean Highlands. Their spatial interrelation may be denoted as en echelon. The 
folds of the Greater Caucasus turn into SW direction across the Taman peninsula 
and plunge below the mirror of the Black sea. One would expect their continuation 
to the south from the Crimean Highlands. As a matter of fact, the Upper Jurassic 
conglomerates on the southern margin of the latter postulate an enormous uplift 
to have been situated just to the south from the present Crimea, having consisted 
of Baikalides and Paleozoides. Consequently, the folded belt of the Greater Caucasus 
must die away somewhat to the west from the meridian traversing the Kerch de
pression.

*

The greater part of the region belongs to the Mediterranean belt of the Alpine 
zone. In this zone are situated the mountaineous, folded, Kappe structures of the 
Carpathians, Dinarides, and Balkans surrounded by their foredeeps, and separated 
by their intermontane (e.g. Carpathian) depressions and median (Serbian-Macedo- 
nian, Rhodope) massifs.

The Carpathians of folded, Kappe structure are composed of three main elements: 
the Western (Korthern), Eastern, and Southern Carpathians.

The range of the Western Carpathians starts from the Danube at Bratislava 
and Vienna, and stretches as far away as the intersection of the Czechoslovakian- 
Polish-Soviet borders. The relatively shallow (2,5-3 km deep) foredeep, filled up 
by Lower and Middle Miocene Molasse deposits (Lower Molasse) separates, in its 
entire length, the Carpathians from the northern Paleozoides. The outer contour 
of the foredeep is parallel with the overthrust belt of the Carpathians and traverses, 
differently striking, the diverse structural elements of the epi-Hercynian platform. 
The outer flank of the foredeep is similar to a stepwise subsiding margin of a young 
platform. The inner flank entirely belongs to the intricate marginal belt of the 
Carpathians. It is strongly folded, imbricated, and it is considerably thrusted (or 
perhaps glided; the Editor’s note) over the outer belt of the foredeep. In the south 
it is under the mildly sloping overthrust of the Carpathian Flvsch-belt, wTiich 
covers its considerable part or, in some places, the whole of it. Deep drilhngs, in 
30-35 km distance to the south from the exposed front of the overthrust of the 
Flysch Carpathians, have hit first the inner Molasse strongly dislocated, then the 
quiet outer Molasse, and having bottomed it out, traversed thick, horizontal Middle 
Paleozoic, to end in one of the Vistuhan blocks.

The Western Carpathians can be further, resp. otherwise subdivided : to an Inner- 
Arid an Outer Carpathian belt separated by the peculiar Pienninian cliff belt (Fig. 3). 
The Outer Carpathians are composed of thick Lower Cretaceous-Paleogene Flysch 
complexes. Their sedimentation started, in fact, in the very late Jurassic; the folded, 
Кappe structures came into being in the beginning of the Miocene. In the Outer 
Carpathians one can distinguish litho-faciologically different zones forming inde
pendent Kappes but affecting each other. These zones, proceeding from К to S, 
are the Skolo, Silesian, Dukla and Magúra zones. Their strike is KW-SE, i.e. it 
somewhat differs from the general E-W  trend of the Outer Carpathians. The Sile-
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sian zone, in the east, subsides, contrarily to the adjacent Skolo and Dukla zones, 
and it is extensively covered by Oligocène sediments (menilitic shales and the 
Krosno series). By the way, the Silesian zone, in Poland and in the adjacent Ukrai- 
nia, is denoted as Krosno zone or Krosno depression. It is characterized by gentle 
folds, somewhat, nevertheless, complicated by faults.

The narrow Pienninian zone has a peculiar compositon and structure, practically 
unaltered in a distance from the Danube to the Transcarpathian river Teresva, i.e. 
in a distance of about 550 km. The zone comprises deep and shallow water marine 
Jurassic and Cretaceous complexes, forming blocks and shingle structures. The pecu
liarity of the Pienninian zone is ascribed to crustal deep faults, and really, DSS profiles 
III and V testify so, not mentioning the intense Neogene volcanism. A deep drilling, 
in the vicinity of Suvalovo, proved that the Pienninian zone had been northwards 
thrusted over the Magúra Flysch, with a gentle slope. Apparently, this zone forms a 
Nappe, as well as the Outer Carpathian Flysch complex or the Inner Carpathian 
metamorphic and Mesozoic carbonate complexes. In all probability, the definitive

Fig. 3 Geological cross section o f the Western Carpathians after Andrusov

element, in the present structure of the Pienninian zone, is a Post-Paleogene fractur
ing, having “ carved”  the earlier Nappes to narrow horsts.

The Inner Carpathians sharply differ from the Outer range petrologically and 
structurally alike. The crystalline basement blocks, elsewhere buried, here crop out 
and are piled ujj. The crystalline complex consists of late Precambrian (Riphean) 
gneisses and schists, interspersed with Hercynian granitoide plutons (e.g. the granites 
of the High Tatras). The main exposed range is the Tatra-Vepor range. In the south, 
in the Gemeride zone, this complex is of minor significance.

The sedimentary cover of the crystalline complex consists of Triassic, Jurassic 
and Lower Cretaceous (Neocom) carbonate formations.

In the middle of the early Cretaceous the area of the Inner Carpathians had been 
horizontally intensely compressed. The compression affected both the basement and 
the sedimentary cover. The present Choc and Krizna Nappes had been squeezed 
out of the depressions and were pushed northward, to a distance of 70-80 km. (The 
crustal thickness is much less than 70-80 km. In this case also the crustal blocks must 
have been stacked up over each other. Of course, if one considers not horizontal 
compression, but near-liorizontal gliding, any distance could be imagined to be glided 
over. The distance of 70-80 km, however, seems to be too much even with gliding, 
and vertical oscillations, with tilting, wobbling blocks, also must be considered; 
the Editor’s note).

The northern part of the Inner Carpathians subsided in the Eocene again. The 
subsidence was accompanied by the sedimentation of thick terrigeneous Flysch 
deposits. Tire present structure of the Inner Carpathians came into existence, actu
ally on the Paleogene-Neogene transition, with large longitudinal wave-like 
undations. The longitudinal uplifts are represented e.g. by the ranges o f the Low,
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resp. High Tatras. The subsidences are represented by the Paleogene-filled Podhale 
(between the Pienninian zone and the High Tatras) and Liptov (between the 
High and Low Tatras) depressions.

The transverse uplifts gave birth to the “ crystalline cores”  (the brachi-shaped 
exposures of the crystalline basement) of the Inner Carpathians.

In the south, young depressions formed along faults, accompanied by violent 
volcanic activity.

The transition into the Eastern Carpathians falls on Soviet territory. It is charac
terized by huge transverse faults, along which the latter’s formations plunge below 
the thick Neogene of the Transcarpathian depression. Along the bordering and 
interior transverse faults, products of young orogenic volcanism are abundant.

The Eastern Carpathians, similarly to the Western range, are composed of two 
tectonic units (Fig. 4). The Outer Flysch-belt is a direct, although somewhat 
different, continuation of the western Flysch-belt. The marginal zone of the Rouma
nian Carpathians is a continuation of the Polish, resp. Ukrainian Skolo zone.

The Krosno depression pinches out; the Silesian and Dukla zones are succeeded by 
the Cherna Gora zone of the Ukrainian Carpathians, resp. by the Audia zone of the 
Roumanian Carpathians. The Cretaceous substratum of the Magúra zone suddenly 
rises. The Paleogene can, on the surface, no more be traced. The Rakhov zone of 
the Ukrainian Carpathians and the Flysch-belt of the Roumanian Carpathians are 
Cretaceous again. The basement of the Flysch-belt in the Eastern Carpathians is 
higher than in the Western range and in the transitional zone.

The inner belts are denoted in Ukrainia as Marmarosa, in Roumania as crytalline- 
Mesozoic zone. They are composed, similarly to their western kins, of Baikalian and 
Paleozoic crystalline basement, covered by Triassic-Jurassic (up to Lower Cretaceous 
of mainly carbonate facies; the Editor’s note) sedimentary complexes. The latter are 
thinner here than in the west. Both complexes suffered intense deformation to
wards the end of the Lower Cretaceous, and thrusted over the Flysch-belt. In the 
back areas of the Marmarosa zone a Paleogene Flysch-belt was formed plunging, 
westwards, under the Transcarpathian Neogene. The NE vergence, characteristic 
of the Eastern Carpathians, is replaced by a SW one on the margin of this belt.

The foredeep of the Eastern range is deeper (10-15 km) than that of the Western 
one. Also its evolution lasted longer: it covers the Pliocene too. The deepest part is 
in front of the SW curvature of the Carpathian range. In consequence of the salt 
enclosing Miocene bottom beds, and a strong compression from the direction o f the 
Carpathians, here linear diapir folds come into being, with the salt ascending along 
axial faults. (The salt pierces up without compression as well; the Editor’s note).

Where the Carpathian general strike-trend changes to SW, the Eastern range grades 
into the Southern Carpathians. Here the Outer zones strongly decrease. The foredeep 
practically pinches out, and the Flysh-belt is represented by a narrow strip (Severin 
zone) only, corresponding to the innermost Flysch-belt of the Eastern Carpathians 
(Fig. 5.).

On the other hand, the crystalline complex of Inner type increases in bulk and is 
highly elevated. It consists of two main tectonic elements.

The one is the Danubian autochtone thrusted over the Flysch of the Severin zone. 
It is composed of Baikalian and Paleozoic epimetamorphic facies.

The other is the Getic atlochtone, composed of older Precambrian mezo-zonal meta- 
morphites. The Getic unit is thrusted over the Danubian one. The horizontal displace
ment is at least 70-75 km. (See the Editorial note referring to the subject). In the 
basins o f both units Upper Paleozoic Molasse and Triassic-Jurassic carbonates settled.
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The age of the overthrust is identical with that of any of the inner ranges, i.e. early 
Cretaceous. The overthrust of the Danubian unit, however, is of later age, for in the 
Danubian zone also Albian and Cenomanian sediments are known (Codakcea, 1964).

A part of the southern margin of the Southern Carpathians (around the Zil and 
Olt valleys), in the Paleogene, participated in the subsidence of the Getic depression. 
The facies of the Paleogene is Molassoide.

The back area of the towering Carpathian arc is the almost perfectly closed and 
•circular Transylvanian basin in Roumania. The basin fill is composed of thick 
Neogene with salt deposits on the bottom. On many places the salt deposits developed 
to diapirs, and brought about the usual domical salt structures.

The Neogene overlies the heterogeneous basement, with a sharp unconformity. 
This basement is composed mainly, but not entirely, of the subsided inner Nappes 
of the Eastern and Southern Carpathians. (In the interior of the Carpathian arc the 
basin’s basement is actually a basin floor, consisting not only of folded crystallines 
but also of Preaustrian platform-like sediments. In order to stick to the original 
text, however, the term “ basement”  will be used everywhere, except the Hungarian 
chapter, but the reader is advised to keej> in mind these remarks ; for further details 
about the relation of the Transylvanian and Pannonian basins, see the Editorial note 
o f the paragraph Pannonian basin, later; the Editor’s note).

In the west, the Transylvanian basin is separated from the larger Pannonian basin, 
by the Apuseni Mts. of neo-tectonic origin. (The separation is not complete, as 
shown by Fig. 2; the Editor’s note).

The Apuseni Mts. is a very complicated system of overthrusted Nappes. The 
Nappes consist of ancient metamorphites, Upper Paleozoic Molasse and Mesozoic 
carbonates. The displacements of the Nappes proceeded eastwards and south
wards.

The tectonic setting of the Apuseni Mts. in this part of the Alpine zone is not 
clarified. In the northwest a connection with the Gemeride zone, in the south with 
the Nappes of the Southern Carpathians can be assumed. The connection, however, 
is not uninterrupted, even with the Southern Carpathians, for the Apuseni unit is 
separated from the latter by late Mesozoic ophiolites and Flysch, in the E-W  striking 
depression of the valley of the river Mures.

The Mures depression plunges in the east below the Neogene of the Transylvanian 
basin, in the west, below the Neogene of the Pannonian basin. Some authors connect 
it, in the latter area, to the Sumadian zone of the Inner Dinarides. (If the connection 
is assumed to traverse Hungarian territory, it is disproved by recent oil-exploratory 
deep drillings; the Editor’s note).

Approaching the Danube the strike of the Southern Carpathians turns to southern 
direction. So they cross the Danube and soon join the northern termination of the 
Balkanides. In this part of the Carpathians young, post-Paleogene, faults have 
gained such a great significance that they almost completely “ screen”  the earlier 
Nappe structures. Obviously, this is the reason of the disagreement between the 
views of the Roumanian and some Yugoslavian, resp. the Bulgarian and other 
Yugoslavian geologists. The former group, namely, renders a great significance to 
overthrusted Nappes, the latter group, on the other hand, rejects the Nappe-ic 
outlook and accepts faulted, block-tectonics only (the Editor’s opinion favours the 
latter concept, extended all over the Inner Carpathian range including the interior 
basin; the Editor’s note).

The border between the Carpathians and Balkanides roughly coincides with the 
obliquely- striking zone of transverse faults along the Timok river valley (GkubiO,
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1908). This fault-zone falls in the NE continuation of the Sh kodra—Pec fault-line 
which separates the Yugoslavian Dinarides from the Albanian and Macedonian 
Dinarides.

The main belt of the Balkanides, at least in the neo-tectonic pattern, is the Stara 
Planina, regarded as the continuation of the Danubian autochtone (C o d a r c e a , 
op. cit.) The western part of this belt is mainly comjiosed of late Riphean (Baikalian) 
-early Cambrian diabase-phyllite complexes, of Ordovician and Silurian shale com
plexes, of Upper Paleozoic Molasses and late Hercynian granitoides.

The Stara Planina became stabilized during the late Hercynian tectogenesis. The 
Mesozoic formations in the flanks of the Hercynian anticlinorium, with regard to the 
character of sequences and to the style of deformation (not of clear germanotype), 
bear the marks of a genuine platform Nappe ( ? the Editor’s note). The Triassic is 
faciologically germanotype here: Buntsandstein-Muschelkalk-Keuper (mottled 
sandstone—mollusc limestone-Keuper), the Jurassic and Cretaceous are of carbonate 
composition, and thin.

In the eastern Stara Planina, in the Alpine cycle, the geosvncline system regene
rated with Upper Cretaceous-Paleogene Flysch formation. In a narrow northern belt 
geosvncline-type Triassic is known, somewhat similar to the Crimean Taurus series. 
The folding itself can be put to the late Eocene, but with medium intensity. In the 
easternmost part, the rudimentary Luda-Kamci foredeep came into being.

The Stara Planina is fringed in the north by the gently folded Predbalkan belt. 
The two units are separated by a deep fault. The Predbalkan belt is, in fact, the 
southern margin ot the Moesian platform, with, a Hercynian basement. It underwent 
a moderate subsidence from the late Jurassic to the early Paleogene. In the Tithonian 
and Valanginian: Flysch, in the late Cretaceous and early Paleogene: terrigeneous- 
carbonate sediments accumulated. The folding took place here likewise towards the 
end of the Eocene.

In the south, another unit ranges, parallel with the Stara Planina : the substantially 
different Centred Range. It is characterized by shorter Alpine geosyncline develop
ment and by igneous activity, which is practically missing in the Stara Planina. 
The sedimentary trough of the Central Range had developed in the Senonian, on a 
Precambrian basement probably contiguous, and having been granitized together 
with the Rhodope. This basement, with regards to its composition and age, is similar 
to the Getic crystallines and the meso-zonal part of the metamorphic basement of the 
rest of the Carpathians.

In the late Senonian intense submarine volcanism took place. On the Cretaceous- 
Paleogene boundary several granitoide plutons of reduced size formed, together 
with folding. Anyway, the Upper Eocene is represented by Molasse formation uncon- 
formably overlying folded Cretaceous beds, and filling the overthrust-bordered 
basins.

In certain sites, the basement thrusted over the Cretaceous of the Stara 
Planina, It may be that this overthrust (of Nappe character) is of great regional 
significance.

In the NW, the strike of this range gradually changes to NW-SE, it tapers and 
continues across Eastern Yugoslavia towards the western Banat, where banatite 
intrusions occur in it.

To the west from the NW part of the Central Range, Bulgarian geologists distin
guish the so-called Kraistide-belt. It is of complicated build (Nappes, later faults). 
Stratigraphically it extends from the Ordovician to the Cretaceous. The Flysch for
mation is attached to the Tithonian, while the main deformation to the late Eocene. 3
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In the south, the Central Range, through the deep fault of the Marica valley, con
tacts the median massif of the Rhodope. In the latter the basement is elevated to the 
surface and it is intensely eroded. The ancient crystalline complex underwent igneous 
rejuvenation in two periods: at the end of the Paleozoic (granitoide plutons) and 
at the end of the Paleogene (intense volcanism).

The Mt. Rhodope is traversed in the west by the N-S striking fault-zone of the 
valley of the Struma river: the Struma zone. The fault is lined by late Eocene Flysch 
depressions. In the SW (in Greece and Turkey), the Lower Thracian basin of Upper 
Paleogene and Neogene fill, had been superimposed on these depressions.

The NE part of this unit is regarded by Bulgarian geologists as an area of Kim- 
merian mountain building (Istranca). Its Triassic and Jurassic formations had 
been not only folded before the Cretaceous but also underwent regional metamor
phism.

The Kraistides and the Struma valley form the eastern boundary of a long, nar
row basement-horst, denoted as Serbo-Macedonian massif (Dm itrieviC, 1967). 
Its main elements are late Precambrian and Lower Cambrian formations folded 
and metamorphosed in the late Baikalian era (Sard, Salair phases). In the north, 
in Eastern Yugoslavia this massif j)lays the role of a central ridge of a bilateral 
orogeny, since it is situated between the Southern Carpathians of eastern vergence, 
and the Dinarides of western vergence. Consequently, this massif is less of a median 
massif than a hörst in an anticlinorium.

Just west from this massif, and parallel with it, passes the Vardar zone of faults 
and depressions. This is the most complicated element in the structure of the Bal
kan peninsula. Its separation goes back to the late Jurassic. It was accompanied 
by intense igneous (effusive and intrusive) activity of ophiolite character. In the 
Tithonian and in the Eocene, a Flysch complex settled. At the end of the Jurassic, 
resp. Eocene, granitoide plutonism took place. The formations of this zone are 
strongly dislocated. The zone is cut into near-vertical overthrusts by several faults.

In the north the Vardar zone joins the inner belts of the Dinarides. Sometimes 
it is even regarded as belonging to them. In the south, in Macedonia, the Vardar 
zone, along a fault, is succeeded by the Pelagonian massif. As to the age and com
position of its metamorphic complexes, the Pelagonian massif is rather similar 
to the Mt. Rhodope, and strongly differs from the Serbo-Macedonian massif. The 
Pelagonian massif is rather interwoven with the structures of the Inner Dinarides 
and it is gently thrusted over the latter’s adjacent Subpelagonian zone. In the Mt. 
Olympos of Greece, the Subpelagonian formations are regarded as to form a tecto
nic window in the Pelagonian ones. It may be that the Pelagonian massif is a 
Nappe of Rhodope type upon the Inner Dinarides.

The western part of the Balkan peninsula is occupied by the range of the Dina
rides and their southern continuation: the Hellenides. In the north in the fault-zone 
of the Drava valley, the Dinarides join the Alps in an obtuse angle. In the south 
the range is traversed by the Shkodra-Реб fault mentioned, which divides it into 
Northern (Yugoslavian proper) and Southern (Albanian-Macedonian) Dinarides. 
The Yugoslavian Dinarides can be subdivided again to Inner and Outer Dinarides, 
substantially differing from each other (Fig. 6).

In the cores of the anticlinoria of the Inner Dinarides Paleozoic formations crop 
out. The Hercynian tectogenesis here scarcely affected the Paleozoic convplex. 
It is practically non-metamorphic and there is but a slight hiatus between it and 
the Triassic. In the Middle and Upper Jurassic a significant diabase complex had 
developed in paragenetic connection with extensive ultra-basite intrusions.
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The Flysch sedimentation started in the Tithonian to become ubiquitous in the 
Albian and Cenomanian. The uplift and folding started in the Senonian.

The most characteristic feature of the Outer Dinarides is the uninterrupted 
carbonate sedimentation from the Triassic to the Eocene. From the Upper Seno
nian on, the back areas of these formations were being gradually superseded by Flysch, 
the Inner Dinarides serving as supply area. Tire latter thrusted over the Outer 
Dinarides as a whole. In the structure of the Outer Dinarides numerous separate 
Nappe-zones can be observed. These gradually shifted toward the Adriatic sea. 
In the Adriatic forelands evaporites have been discovered recently in the Permian 
and Triassic beds. The shift of Nappes might have taken place along them.

From the transverse fault zone of Shkodra-Pec the structure of the Dinarides 
visibly changes. As soon as the Pelagonian massif appears, all the rest of the zones 
shift 70-75 km towards SW. The horizontal displacement of Nappes culminates 
here (belostotskiy , 1965).

The Pelagonian massif thrusts in SW direction over the Upper Paleozoic-Lower 
Mesozoic Korab zone of shale and carbonate facies. The Korab zone is thrusted 
over the Mirelit zone (in Greece: Subpalegonian zone) of ophiolite facies. The Mirdit 
zone, in turn, is thrusted over the Carsteous Pindos Flysch zone, the next in SW di
rection. This overthrust corresponds to the overthrust of the Inner Dinarides on 
the Outer range mentioned (Durmitor). The Pindos zone, further, is thrusted over 
the Adriatic-Ionian zone of faulted, Triassic-Middle Eocene formations. Flysch 
appears in the late Eocene-Oligocene only. In northwestern Albania this zone 
plunges below Neogene Molasse which is the centroclinal zone of the Adriatic inter- 
montane depression.

The Adriatic depression whose northwestern continuation is the Lombardian 
basin, is probably a superimposed trough on an ancient (Baikalian or Pre-Baika- 
lian) massif. Blocks of the latter outcrop in the Southern Alps forming the fractured 
margin of the massif. One must not forget that in the Adriatic coastal Pliocene 
of Italy there occur crystalline boulders (Man fred ini, 1964).

Between the Eastern Alps, Western Carpathians, Apuçeni Mts, Southern Car
pathians and Dinarides is situated the extensive Pannonian basin, the greater 
part of which is occupied by Hungary. (The Hungarian literature usually draws 
the Transylvanian and Pannonian basins together, under the name: Carpathian 
basin. And for good reason, since they started subsiding together, their evolutions 
have been practically identical; and the “ separating”  Apuseni Mts. play the same 
role, in fact, as e.g. the Transdanubian Central Range: they represent an outcropped 
block of the Preaustrian basin floor; the Editor’s note).

In the present and near-past tectonic pattern this is an extensive, thin-crusted 
intermontane basin filled up mainly by Neogene (late Miocene and Pliocene) Mo
lasse, exceeding here and there 5 km in thickness. (The Molasse character is doubted 
by several Hungarian authors, and the basin sedimentation is thought to have 
started in the Upper Cretaceous, with a clastic complex very similar to Flysch; 
the Editor’s note). The SW-NE striking Hungarian Central Range (including the 
Transdanubian Central Range and the Northern Highlands in its continuation 
as well ) divides the Pannonian basin into two depressions of different size : the Little 
Plain in the northwest, and the southeastern area including SE Transdanubia 
and the Great Hungarian Plain. In southeastern Transdanubia two minor out
crops of Pre-Neogene (in fact: pre-Upper Cretaceous) formations occur: the Mecsek 
Mts. and the Villány Mts.

A considerable part of the Great Hungarian Plain is a superimposed trough
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on an enormous block of mainly late Precambrian (Baikalian) metamorphic rocks. 
In the Central Range (Mt. Velence) and in the Mecsek Mts. Hercynian and Bai- 
kalian granitoides are known on the surface.

A part of the basement of the Pannonian basin is represented by these complexes. 
Another part, however, is Lower and Middle Paleozoic and underwent Caledonian, 
resp. Hercynian tectogenesis and metamorphism. The NW part of the Little Plain 
is superimposed, at least partly, on the continuations of the Eastern Alps, resp. 
Inner Carpathians, but over a thin crust.

The Mesozoic of the Pannonian basin, including both its outcropping and Ter
tiary covered parts, is mainly of carbonate facies. Considering the intense erosion 
before the Austrian movements and several times later (Infra-Oligoeene, Pre-Pan- 
nonian), the thickness of some of the Mesozoic formations must have been very 
large. The Triassic remnants, e.g., are even today extensive and thick. The facies 
suggest sometimes deep-oceanic, but mostly neritic environments to have existed 
during their accumulation. The volcanism, in the Mesozoic complex, is negligible, 
except the late Lower Cretaceous basalts. Numerous unconformities testify for 
several oscillations. The structure of this complex is predominantly faulted (tilted 
blocks).

The Eocene is mainly of carbonate facies and faulted, since the main disruptive 
tectonics (basin subsidence) of the Pannonian basin is of late Miocene age and 
affected all complexes settled that far. The Eocene is of moderate thickness.

The Oligocène is exclusively of clastic facies and likewise faulted for reasons 
explained in the previous paragraph. This complex, if buried, has a large areal 
extension and it is sometimes comparatively very thick (thicker than 3 km). The 
buried, thick Oligocène is somewhat less faulted than one would expect, considering 
the intense Post-Oligocene faulting. The reason of this is, probably, the dominance 
of plastic, clayey formations in the Oligocène complex. Still it is not folded either, 
as well as the other post-Lower Cretaceous formations.

The Neogene is characterized not only by the thick, clastic sedimentary cover 
mentioned, but also by a uniquely intense neutral and acidic volcanism (andesites, 
dacites, pyroclastics: flood tuffs, ignimbrites) just preceding the acceleration of 
the intense Pliocene subsidence of the basin.

In the early Upper Cretaceous (after the Austrian phase) a sedimentary trough 
protruded to the area of the Great Hungarian Plain, from the northwestern Tran
sylvanian region. It collected Flysch-like terrigeneous sediments uninterrupted 
until the end of the Oligocène.

The Upper Cretaceous-Paleogene-Neogene complex is, essentially, horizontal. 
The most peculiar feature of the Pannonian basin is that its crust is thin: 24-29 

km, with a considerable part of the gabbro laver missing as shown by DSS profiles 
III, IV, V and VI.

In the Alpine belt of Eurasia another peculiar basin is the Black-sea depression. 
The deep seismic soundings have shown that the area, contoured by about the 
1000 m isobath line, is thin crusted (20-25 km), so that the granite layer is missing, 
and the sedimentary cover is very thick (10-15 km). It is a sub-oceanic type of 
the crust. The zone widens most at about the Odessa meridian. It is very probable 
that this widening is in connection with the southern continuation of the huge 
deep fault o f  Odessa o f  NW-SE strike (Chekunov-G arkalenko , 19G9).

It becomes more and more obvious that the Odessa fault is very important in 
the structure of the northwestern, shallow part of the Black-sea and adjacent areas. 
This fault determines the substantial structural differences between Moldavia and
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Dobruja, resp. Crimea, separated by it (Burak ovsk iy- gurevich , 1970; Chekthstov-  
garicai.enko , 1969; etc.).

The structures of Dobruja continue in the sea floor with a SE strike azimuth. 
This is the Moisseev ridge which brought the thinning of the “ graniteless”  zone 
about. It terminates at the continuation of the Odessa fault.

The same happened with the Crimean structures on the other side of the fault. 
These show the marks of a gradual degeneration even on the mainland.

Substantial differences can be observed in the structures and evolution of the 
kin-depressions fore-Dobruja and Krilov (or Odessa-Sivash) in the west, resp. 
Tarkhankut in the east.

The terminations mentioned, together with the structure of the Ukrainian shield, 
suggest that the Odessa fault is in connection with the axis of the ancient trans
verse strip of crustal uplift.

The origin and evolution of the central, graniteless part of the Black sea is a 
serious problem. Some authors still regard it as a remnant of the Tethys. The major
ity however, accept it to be newly born, based on the contour of the basin traversing 
marginal structures of different kinds. The basin’s orientation definitely deviates 
from that of the youngest (Carelian) structures of the Ukrainian shield. These 
structures can be traced, in magnetic and gravitational anomalies, as far as to the 
coast-line.

It was observed earlier that the central part of the Black-sea depression over- 
lies the continuations partly of the Moesian platform, and partly of the Grusian 
block (a Transcaucasian median massif). The cores of these blocks consist of early 
Precambrian rocks; the marginal parts (South Dobruja, southern Crimean fore
land, etc.) are composed of late Precambrian-Lower Cambrian, i.e. Baikalian meta- 
morphic complexes. Hence, the Black-sea massif must have been in elevated posi
tion at the beginning of the Paleozoic. It is also not excluded that its margins had 
been occupied by epicontinental seas which inundated the Moesian platform and 
the SW slope of the Ukrainian shield.

The beginning of the subsidence of the Black-sea massif is not clarified. The best 
guess is that it happened at the end of the Hercynian cycle, in the Permian, or 
(latest) after the Kimmerian phase, in the late Jurassic.

It can be assumed that the subsidence of the massif preceded and accompanied 
the birth of the rift along its axis. This E-W  striking rift, together with the NW-SE 
striking Odessa one, started the formation of the sub-oceanic depression of the 
Black sea. Its present shape has been determined by its widening (spreading) and 
collapse of its marginal parts.

*

It is emphasized that the region is exceedingly heterogeneous. This fact opens 
up wide vistas to the application of the DSS. The DSS is suitable to clarify the 
connections between the topmost and deep structures of the lithosphere. The tasks 
before the DSS, are the following.

1) To check uj5 the penetration-depth of known faults (lineaments), to determine 
their geometry which reveal themselves hardly, or not at all, on the surface.

2) To trace the relief of older, stabile complexes (basements of different age) 
under younger platforms and folded systems, as e.g. to trace the early Precambrian 
basement on the ejji-Baikalian platform, or to trace this one and the Baikalian
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within the epi-Hercynian platform; or the Baikalian and Hercynian in the Alpine 
belt.

3) To measure the thickness of sedimentary cover and old, crystalline complexes 
in platforms and in folded belts. (This task, sometimes, can be better achieved by 
exploration geophysics; the Editor’s note).

4) To determine the thickness, composition and structure of the Earth’s crust 
and upper mantle ; further, to clarify the correlation between the intensity and sign 
of the young and recent crustal movements.

5) To establish a general idea about the tectonic evolution and composition 
of the litosphere, from the ancient tectogeneses to the younger ones.
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THE RESULTS OF DSS MEASUREMENTS IN 
THE COOPERATING COUNTRIES

In this chapter the reader will be made acquainted with the efforts and achieve
ments of the participating countries of the project. The order of sub-chapters is 
not an alphabetic one, but it is designed to follow the logic of the previous chapter, 
and the tectonic evolution of the region. First we start from the E a s t-E u r o- 
p e a n a n c i e n t  p l a t f o r m  in the SOVIET UNION in Ukrainia, seeing 
how its mega-structures terminate in the Black sea depression, As early as from 
this platform area, along IP III, we throw a glance into the Carpathian (Panno
nian) basin, but first we go westwards and see, how this platform terminates, 
and how the continuations of the W e s t-E u r o p e a n  H e r c y n i d e s  ( Pa
l e  о i d e s) terminate on it, in POLAND. From Poland we peep into the Carpathian 
basin again along IP V, but without staying there for we go further westwards 
to get acquainted with the “ holotypes”  of the Hercynides in the territory of the 
GDR. The IP VI leads us, across the Bohemian massif into the Carpathian basin 
again, after having crossed the Outer and Inner Carpathians in CZECHOSLOVAKIA 
as well as it did in the Soviet Union along IP III, or in Poland and Czechoslo
vakia in IP V.

Now, with a big jump over the Alps we arrive at the Din arides in the territory 
o f YUGOSLAVIA, and we shall see, along IP III, how the Inner Dinarides parti
cipate in framing the Carpathian basin. Along the Dinarides we meet the Balkanides 
(e.g. the Stara Planina) in BULGARIA, and led by its strike we go up again, pass
ing by the Moesian platform, to the Carpathian arc: to the Southern Carpathians, 
separated from Dobrujan continuations, in ROUMANIA.

And as soon as the circle of the A l p i n e  M e d i t e r r a n e a n  b e l t  is com
pletely closed, we jump right into the middle of it, into HUNGARY^, which 
occupies the very middle of the young Carpathian basin.

The geological and méthodologie conclusions will be treated moderately in 
these national chapters. They will be dwelt upon in Chapters 3, 4 and 5 where the 
whole region will be regarded as a huge, varied section of the Earth, under the 
network of the international profiles. This does not refer to such profiles which, 
though international ones, do not leave the territory of one or another country 
(e.g. IP IV in Hungary, or IP I in the Soviet Union).

To tell the rest is left to the chapters themselves.
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21 THE SOVIET U N IO N

The Ukrainian Soviet Socialist Republic
V. B. SOLLOGUB*-A. У. CHEKUNOV*

Introduction

Deep seismic sounding started in Ukrainia in 1960. The provincial institutions 
enumerated in the Introduction of the monograph have, in these ten years, measured 
about 6,000 line kilometers, rendering Ukrainia’s coverage the thickest in the Soviet 
Union.

The Ukrainian geophysical organizations have actively participated in the Black- 
sea project, carried out by governmental institutions, likewise enumerated in the 
said Introduction. The Black-sea project will be treated in a separate chapter.

International cooperative measurements were carried out wherever a profile 
crossed the frontiers.

The DSS is, actually, deeply rooted in exploration geophysics. It is a large scale 
combined variation of the reflection and refraction method, developed in oil pro- 
specting. The wide range of observations and the development of resolving power 
by and by empowers the DSS to raise the main issues for the seismic exploration. 
Applying time-distance curve systems of full correlation, the nature of the dif
ferent seismic waves has been clarified. Head waves, immersion (refracted) waves, 
reflected waves before and beyond the critical point (infra-, resp. ultra-critical 
reflections), all have been utilized and all of them have contributed to the study 
of the kinematic and dynamic conditions, the discontinuities, the velocity distribua 
tion (e.g. inversion) of the crust.

With a developing DSS the oversimplified three-lavered crustal model (sedi
ments, granite, gabbro), “ inherited” from seismology, had to be replaced by a more 
differentiated model which will be detailed in Chapter 3.

The data obtained through DSS have been interpreted with the assistance of 
all of the fundamental geo-sciences: tectonics, petrology, mineralogy. Naturally, 
the other geophysical results, mainly gravitational and magnetic ones, have not 
been neglected either.

The authors believe that their efforts and achievements have added to the know
ledge concerning the Earth.

Geology

Ukrainia and the adjacent territories are particularly favourable for crustal 
investigations for they comprise different tectonic units, one might say, mega
structures. Such are, e.g. the East-European ancient platform with the Ukrainian 
shield in its core, the Dnieper-Donets aulacogene, the Scythian young platform 
with elongated uplifts and ridges (e.g. the Azovian, etc.), and the graben-like de-

* Geoph. Inst. Ukr. Ac. Sei., Kiev
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pressions in the suture-zones of these platform blocks (e.g. the Indolo-Kuban 
depression). The folded geosyncline systems, lined with foredeeps, represent all 
o f the main geotectonic cycles: the Pre-Riphean (Ukrainian shield), Baikalian, 
Hercynian (Dobruja), early Alpine-Kimmerian (the Crimean Highlands), and 
young Alpine (the Carpathians). And here is the Black-sea depression: an extensive 
superimposed trough formed in the orogenic final stage of the Alpine geosyncline 
belt.

Both the international profiles (IP ; Roman numerals) and the national profiles 
(NP ; Arabic numerals) are located so as to traverse the main units enumerated 
and to cross the sejtarating fault-zones too (Figs. 1, 2).

IP I has got Roman numbering, for although it does not leave Soviet terri
tory, it is an important profile of the international network. It is 850 km long. 
It traverses the south slope of the Voronezh massif, the Dnieper-Donets aulacogene, 
the Scythian platform, the Indolo-Kuban foredeep, the Crimean Highlands and 
the Black sea depression (Sollogub et ah, 19(55; Sollogub et ah, 19(5(5 a,b).

IP II traverses the folded Dobruja, the adjoining depression and the SW margin 
o f the East-European platform.

IP III, extended recently as far as to Gomel, traverses, in Soviet territory, the 
Dnieper-Donets aulacogene, the Ukrainian shield, the Volhynian-Podolian plat
tom ], the Carpathian foredeep, the Carpathians and the Transcarpathian degress
ion.

IP VIII has so far been negotiated in its Soviet section only. It starts from Tagan
rog (Azovian sea) ; runs across the Ukrainian shield, and terminates fairly to the 
west from Kirovograd, i.e. it traverses the Azovian massif, the Orekhovo-Pavlo- 
grad belt, the Zaporozhe median massif, the Krivoi Rog-Kremenchug zone and 
the sub-platform area in the vicinity of Kirovograd.

The mixed (NP, IP) Profile 10-IX runs to the east from IP I described, and 
it is almost of the same length. It traverses the Donets basin, the Azovian massif, 
the Scythian platform (Azovian threshold), the Indolo-Kuban foredeep, the eastern 
pericline of the Crimean Highlands and the Black sea depression.

From the NP-s of less length, the No. 17, strike-wise running in the Transcar
pathian depression, deserves attention. The profile is 140 km long altogether, but 
its wave-pattern and the crustal structure along it is interesting, esp3ecially for the 
scientists of Hungary, Czechoslovakia and Roumania, for the profile runs close 
to their frontiers.

Methodology

The main system of recordings was continuous in-line profiling, with detailed 
correlating time-distance curves possibly containing all important intracrustal 
wave-groups including those from the Moho discontinuity. The general shotpoint 
(SP) spacing* was 15-20 km. To obtain near-surface information the SP spacing 
was compressed to 7-15 km : to obtain deep-structural information it was expanded 
to 30-50 km. Accordingly, the lengths of velocity branches were 70-110 km, and 
160-180 km, respectively; exceptionally they were extended to 200-220 km.

In the areas of small blocks of commensurable horizontal extension and vertical

* SP spacing = the distance between two SP-s 
SP distance =  the distance between the SP and the recording
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displacement, continuous broadside profiling was applied as well as in the surround
ings of large deep faults.

To obtain approximate crustal thickness values, critical point observation (CPO) 
system was extensively used, the SP-s being on the DSS profiles, the recordings 
in 110-150 km distances in the line. The distances were determined by the maximum 
amplitude interval of Pjjfl waves in the critical distance and beyond it.

The typies of the recording equipments were: a low frequency SS-30/60 CRM 
(correlation refraction method), and a tape recorder type POISK-48, with SPEN 1 
seismometers of 10-11 cps natural frequency, and NS-3 seismometers of about 
4 cps natural frequency. Seismometer spacing was selected as 100 m. By the appli
cation of such a set-up, vibrations of 6-20 cps could be recorded. Wherever the DSS 
profiles crossed rough terrain (mainly in the Carpathians), 2-4 equipments were 
used to obtain 10-20 km long velocity branches from a single SP. To study con
verted and transitional waves the seismological field station “ Zemlva”  was used, 
and in order to increase the resolving power, the Controlled Oriented Observation 
System (COOS) was, in some proper areas, put into work. The timing of the tuning- 
fork generator was periodically checked up with signals from Soviet and foreign 
broadcasting stations.

Shooting was made in 25-30 m deep drilled holes arranged in patterns in case 
of far recordings. As explosives TNT and gun powder were used; in quantities 
not exceeding 50, resp. 200 kg by holes, i.e. 700, resp. 1500 kg altogether.

Wave characteristics

Both the experiments and theoretical considerations proved that the majority 
of later arrivals were reflected waves.

The idea of multi-layered transitional zones arose from the visibly multiple 
nature of the main waves. The indifference of the influence of the sedimentary cover 
could be proved in the uncovered Ukrainian shield. In the usual frequency range 
of deep seismic waves, between 5 and 25 cps, the majority of horizons behave as 
a complex of separate, anisotropic layers of first order (Pavlenkova-S m elyans- 
k a y a , 1970), for the following reasons.

The empirical amplitude curves of P^fl waves disagree with the theoretical 
graph computed for a single horizon of first order. They are intense around the 
critical point sometimes far off, implying that wave-intensities from more than 
one horizons are added up.

The frequency spectrum of reflected waves arising from an elementary boundary 
(of first order) is determined by the spectrum of the incident wave. The M wave- 
spectrum is very narrow: 8-10 cps. The phenomenon can be explained by the selec
tivity of the transitional zone, depending on the thickness of the individual comjm- 
nent layers.

In the Ukrainian shield monotype waves are well, PS (converted) waves are 
poorly reflected. It is theoretically proved that this must be the ease for a transition 
zone.

A practical consequence of all these considerations is that group correlation 
should be abandoned (Chekunov , 1970). The further conclusions will be dwelt 
upon in Chapter 4 (General methodological conclusions).

The vast area of Ukrainia has produced a great variety of waves, depending 
on geology too (exjDosed shield, thick sedimentary cover, no granite layer, etc.).
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All in all, in Ukrainia the following wave-groups can be distinguished:
1) wave-groups from the sedimentary cover: Pq х 2 3;
2) wave-groups from the basement and from intracrustal horizons : Pq 1 2 3
3) wave-groups from the M horizon and from the interior of the crust/mantle

transitional zone and PM).

Item 2) can be subdivided into two more sub-items: a) wave-groups from the 
basement and from the interior of the granite layer, and b) wave-groups from the 
Conrad discontinuity and from intra-gabbro interfaces.

Such a classification is by no means always justifiable.
The wave-types included in these wave-groups are those enumerated in the 

Introduction of this chapter. While later arrivals, as mentioned, are mainly reflec
tions, the first ones are immersion, or refracted-immersion waves.

1) Detailing the wave-groups, first of all, the wave-groups from the sedimentär;/ 
complex should be dealt with.

On the western slope of the Ukrainian shield (Volhynian-Podolian platform), 
the velocity differentiation is weak, layer velocities are great. The most prominent 
refracting horizons are the Lower Silurian and Upper Devonian of 6,0 km/s boundary 
velocity.

In the Carpathian foredeep, 3-4 km/s velocities have been observed, quite in 
agreement with the young Molasse facies.

In the folded Carpathians, even in short SP distances, immersion waves from 
the Mesozoic-Paleozoic complex have been recorded in first arrivals, with 4,0-5,5 
km/s apparent velocities. These waves suddenly fade at the foredeep's boundary, 
thus the overthrust front of the Nappe zone can be exactly pointed out. The bounda
ries of the main structural units yield complicated records and are, sometimes, 
of great velocity.

In the Dnieper-Donets basin, besides the immersion waves, multiple immersion 
waves of great intensity were encountered. The nature of the waves can be both 
kinematically and dynamically determined. The time-distance curves are “ curved” . 
There is a certain constant kinematical interrelation between the multiples: the 
arrival time of a multiple in SP distance x is equal to the double arrival time o f 
a singlet observed in SP distance x/2. In very long SP distances the curves straighten 
out and get parallel.

Among the near-SP later arrivals, besides the immersion and head waves, also 
several reflected waves have been observed from the sedimentary cover.

2) As to waves from the consolidated crust, the basement top, i.e. the granite top 
presented itself by arrivals of 6,0-6,2 km/s velocity. This wave is, apparently, 
a refracted-immersion wave from below the granite top, due to the velocity gradient 
of its upper part. This wave was recorded from 2-30 km to 100-140 km SP distances, 
according to the sedimentary thickness and velocity distribution.

In the shield area the intra-granite wave consists, usually, of two-three phases 
(Fig. 7), and the first phase is apt to die away. The duration of the vibration is 
0,06-0,1 sec, expanding when moving off. The branches of apparent velocities 
taper together.

Converted (PSjjP) waves of mainly 3,4-3,8 km/s apparent velocity and of two- 
three phases have been observed in many sites (Fig. 8). The inclination of the phases 
to separate disturbs the correlation. The spectrum of this group is shifted towards
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the lower range, as compared to that of the Pjj monotype waves. Its duration is 
0,09-1,12 sec. The V* relation of the waves is 1,73 everywhere ; their amplitude 
relation, however, changes in a wide range: 1-10. At petrological contacts sudden

Fig. 7 Arrivals from the basement (PÇ Conrad) and (PÇ) in the 
Ukrainian shield

amplitude changes have been observed, especially in case of converted waves. 
The PS£P wave is a converted wave of slight immersion into the basement.

In the thickly filled depressions around, 
П  wave changes into first arrival at large 
distances.

In the Donets basin of 10 km basement 
depth, in 10-16 km SP distance, 2-3 
phased reflections of 0,08-0,10 sec dura
tion were obtained from the crystalline 
basement.

Sporadic intra-granite refracting horizons 
of 6,3-6,8 km/s velocity were encount
ered with different features from diffe
rent crustal blocks (from some, e.g., none).

The kinematic correlation of these 
waves failed because of their similarity; 
dynamic correlation stepped into the 
foreground.

Fig. 8 Converted wave from the base
ment (PSÇP) in the Ukrainian shield
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Fig. 9 Arrivals from 
the Conrad (PJ) in 
the Ukrainian shield

C

R= 4 4 .7 km

Fig. 10 Arrivals from the Conrad (P1-) and from the Moho (PJJfl) in the
Carpathians
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Some interfaces (e.g. at the Belozer iron district) reflect until the critical point, 
then they send head waves, with interferences at the transition.

The gabbro top, i.e. the Conrad discontinuity (C,) is uncertain. Even if it is unambi
guous (Fig. 9) it consists of rocks of different elastic properties. Moreover, under the 
gabbro top, granite can occur again (i.e. such physical properties which suggest 
granite) as shown in Transcarpathia (Chekunov  et ah, 1969; Chekunov, 1970; 
Fig. 19).

The Conrad discontinuity should be regarded as a statistical boundary of 6,6-7,2 
kni/s velocity between a rather acidic and a rather basic “ layer’ ' of the crust.PÍ starts as later arrival in 30-60 km SP distance, with an apparent velocity 
of 6,8-7,2 km/s, outdistancing the shallower arrivals with increasing SP distance.

Its parameters (duration, kinematic and dynamic characteristics) and even 
its nature are area-dependent. In the central shield area (in IP VIII) it is a later 
event (reflection) in a 30-120 km SP distance. Around 60-80 km reflected and ref
racted waves are paralleling and the refraction takes over. V* = 6,4-6,5 km/s, resp. 
6,0-6,8 km/s.

In the shield, Р / is an intense, mainly 3-pbased wave of 0,08-0,1 sec duration 
(Figs. 7-9).

In IP III (NW and SE from the central shield area) Р / wave is dynamically 
disturbed. In the Korosten pluton area it cannot even be traced.

In the Dnieper-Donets aulacogene and in the Carpathians this wave consists 
of 2-3 phases and it is intense. Its recording distance (as later arrival) is 50-120 km. 
V* = 6,7-7,3 km/s. Dynamically it is certain, the phase correlation raises no problem. 
Locally, however, it tends to “ group” (Fig. 10).

In Ukrainia fair Р / waves correlate with ancient geosyncline effusives (Belozer), 
the poor ones correlate with basic subplatform intrusions (Korosten).

Fig. 11 Head wave (PM) and wide angle reflection (Pjjf ) from the Moho in the Ukrainian
shield
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Following the Pf waves, intense, multi-phased (interfering) deeper events of 
7,3 km/s apparent and 7,5 km/s boundary velocity appear, in first arrivals from 
an SP distance of 140-150 km only.

3) The waves from the Moho discontinuity and crustjmantle transition zone are 
intense reflections, as a rule. Except the deep water region of the Black sea, where 
the M horizon sent mainly refractions, intense P')J(I arrivals could be traced every
where in 60-80 and 180-200 km SP distances. The PM waves are dynamically weak 
and catch up to be first arrivals beyond 200 km only (Fig. 11). Reflections and
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Fig. 14 Wide angle Moho reflection in the Ukrainian shield

refractions of similar intensity have been observed exclusively in Transearpathia 
(Fig. 12).

In the majority of the cases M arrivals are compound and interfering ones, with 
gaps and irregular energy shift from phase to phase. All these render the phase 
correlation a very difficult one. The duration of such a wave group is 0,5-1,0 sec

or more. Sometimes double, separated 
wave groups occur with identical or 
very similar parameters, so either of 
them might represent the M disconti
nuity (Fig. 13).

The M arrivals only locally show 
continuous intense 3-4 phased pattern, 
e.g. in some parts of the shield area 
and in the Dnieper-Donets aulacogene 
(Fig. 14).

The old concept ascribed the mecha
nism of wave disturbances to the 
travelling across the sedimentary cover. 
The shield area, however, proved beyond 
any doubt that this phenomenon is 
connected to the very structural pro
perties of the M horizon, for the entire 
field arrangement was placed on naked 
crystallines. It may be that the sedi
mentary complex makes some distor
tion, e.g. because of a salt diapir or 
intrusion (vertical boundaries), but it 
does not increase the number of wave- 
groups and cannot shift energy.

The M horizon behaves as if it were 
a transitional zone from crust to mantle. 
All intracrustal horizons, but especially 
the M horizon, are layered, and the 

15 Arrival from a faulted basement separate reflecting boundaries bring
in the Ukrainian shield the intricate wave-groups about.

Fig.
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The thickness of the transitional zone is at least 3 km but it may exceed 5 km. 
The transition zone may be different as revealed by different wave patterns. Often 
it is sudden : goes off in a short section of the record. More often, however, the thick 
“ sandwich”  of the transition appears with wave groups of variable shape and inten
sity, long stretching on the record. Finally, the third type of the transition is the 
double (or multiple) Moho of identical physical parameters. The latter may be 
ascribed to physico-chemical processes far from being clarified so far. May be that 
the crust grades into the mantle or vice versa, anyway the M horizon can shift up or 
down. If so, the M horizon is assumed to have shifted suddenly and to have left the 
mark of its earlier position as a “ fossil”  Moho. For more details see Chapter 3.

The criteria of recognizing and determining a deep fault (Sollogub et ah, 1965; 
etc.) are the following.

The first group of criteria can be summarized under the term: correlation gap. 
It often occurs in seismic exploration, too. While under normal conditions simple 
reflected and refracted waves arise in the surface-to-basement depth range, in faulted 
zones the vertical displacement causes vertical contacts of rather differing physical 
properties from those of the “ normal”  boundaries (Fig. 15).

In principle, the same criterion would apply to the consolidated crust too, but for 
two main factors. The first is that the velocity differentiation of the crustal slab is 
very weak, and a vertical displacement cannot be recognized in the velocity change, 
for this latter is practically 
nil. Further, because of the 
velocity gradient, the immer
sion wave may survive the 
travel across a fault. This cri
terion is of limited validity.
It “ works” , in fact, mainly 
in the domain of reflected 
waves. The Conrad reflections, 
e.g., indicate a fault of as small 
a throw as corresponding to a 
single phase. Not so the M 
horizon : to recognize a fault, 
it needs, mainly because of 
the interferences mentioned, 
unusual wave fading from se
veral SP-s (Figs. 16, 24).

The second group of criteria 
goes under the term: diffrac
tion. This phenomenon is like
wise knowm from exploration 
seismology. The diffracted 
wave is easy to recognize from 
the time distance curve, and 
the diffracting point can easily 
be pointed out from the mini
mum of the same.

Diffracted waves occur in 
the DSS range too, in a rela
tively narrow zoné, often Fig. 16 Correlation gaps o f the PJJfl wave
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Fig. 17 Reflection o f “ negative”  apparent velocity

coinciding with other fault indications. If so, even the spatial parameters of faults 
can be determined.

The third group of criteria is represented by steeply dipping seismic surface elements. 
A dip angle exceeding 40-50°, refers to dislocations (sliding planes) or intrusive 
bodies.

The reflection from such elements is of short phase-axis. Its apparent velocity is 
very large, sometimes even “ negative”  (Fig. 17). The amplitude is likewise large 
testifying the focussed nature of the wave.

Steeply dipping interfaces send not only simple reflections, but refracted-reflected 
waves with a middle refraction and a succeeding reflection. As a matter of fact, 
such detailing requires a particularly dense coverage.

*

The arrivals beyond the critical point raise difficulties in velocity determination 
and interpretation, probably in consequence of the kinematic similarity of different 
waves. Besides, the field work is troublesome and expensive. Hence, recently the 
infra-critical range has come into foreground.

Sorrily enough, acute-angle (near-vertical) reflections are weak, as a rule. The phase 
axes are short and apparently at random. With a statistical calculation, however, 
one can show (Chekunov- P ustov alo v a , 1964) that these, apparently random, 
arrivals come from horizon-complexes which send intense wide-angle reflections 
if properly observed. The group character of the acute angle reflections is another 
indication of the composite transitional zone around the crustal bottom.

Under very favourable conditions (shield area), in near-hole position, with pattern 
shooting and seismometer groups, excellent reflections could be obtained (Fig. 18).

Anyway, the acute-angle reflections are not very useful in DSS, because of the 
conversion and multiples, etc., especially over thick sediments. An experiment was 
performed with the so-called Controlled Oriented Observation System (COOS), si
milar to the Sonograph observations (L esh u k , 1968), both in laboratory and in the 
field, in near-hole arrangement.
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The great resolving power of this system has enriched the information about the 
fine structure in the shield area. Thus, several near-horizontal horizons testify an 
elastically layered crystalline complex (Sollogub et ah, 1970). Raising the frequency 
of recording channels more horizons appear, i.e. the resolving power increases, 
(ft is questionable if it is really an advantage, at least in view of genuine geolo
gic information. With this system, and with traditional seismic analog recording in 
the Hungarian oil prospecting, abundant near-horizontal surface elements used to be 
obtained from below the top of the crystalline basement, although everybody had 
known that the inner structure of the crystalline complex, if any, is in general 
nearer to the vertical than to the horizontal. And no wonder if one regards its hectic 
tectonic history. Digital recording and computer interpretation has recently 
completely upset the “ near-horizontal”  geological stratification of this complex; 
the Editor’note.)

Such efforts go astray in case of interferences. Therefore an analysis of compo
site waves was rather timely.

The problem has been solved both analytically (for a pre-determined multi-layer
ed model) and with computer (MINSK-22) modelling (forthe stochastic multi-layered 
crust model). It has been obtained that the composite multiples are considerably 
weaker than the singlets of the main deep horizons. For instance, the Conrad and 
Moho singlets are 5-10 times more intense than the composite multiples. In areas of 
thick sedimentary complexes the reliability of the marking of poor reflectors de
creases, still the multiples are, even so, weaker than the Conrad and Moho reflections. 
In areas without thick sedimentary complexes even poor reflectors can easily be 
marked, in spite of the multiples. This is the base of the further research of infra- 
critical arrivals (Lossovskiy, 1970).

Fis. 18 Wide angle reflection from the Moho in the Ukrainian shield
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Velocity pattern and interpretation

While in exploration seismology the velocity serves to determine geological horizons 
only, in the DSS the velocity is expected to supply petrologic information too. 
(As a matter of fact, one would expect the same from exploration seismology, but 
in the exploration domain the hope is slight ever to achieve this goal for the petrolo
gic variability is greater and the information sought for is much more detailed; 
the Editor’s note.)

The efforts were directed towards a process utilizing the basic wave-types, and 
towards finding a crust model fitting best to the wave-field observed.

A solution has been attained for the interpretation of immersion waves in case 
o f  the velocity being a function not of the depth alone (Geiko , 1970 a, b). This yields 
the exact function V(h), the ray paths and the wave fronts, i.e. the entire kinematic 
process of the wave propagation. Programs have been written to find the distribution 
of the different velocity types of reflected waves. The average velocities as computed 
from refraction time distance curves are more exact than those obtained through 
the usual iterative procedures.

The averaging procedures revealed that the variation of the V(x, h) function 
has a regional background. So the task increased with a vertical blocking of the 
crust.

As soon as a velocity inversion is guessed, exact procedures are indispensable.
A procedure, utilizing both the immersion and the reflected waves, was suecess- 

fullly applied in Transcarpathia, where a granite-like velocity inversion was detected 
at the crustal bottom  : 6,4 km /s (Chekunov et ah, 1969).

Irregular velocity distribution has been observed elsewhere too : inversions, tran
sitional zones, even in the granite level (Sollogub et ah, 1966 a, b). All these have 
contributed to the necessity o f  a revision o f the classical crustal model.

The phenomenon of velocity inversion turned up again in the shield area and in 
the Sivash depression. In such cases the interpretation utilizes, in the first step, 
all possible information extractable from the wave-field. The optimum variant is 
selected with a computer (Pavlenkova , 1969).

On the flanks of the Ukrainian shield the velocity of the sedimentary complex, 
covering the Pre-Riphean crystallines, varies between 1,0-5,8 km/s depending on the 
thickness, lithology and age of the rocks. The horizontal velocity gradient is consider
able, as a rule, especially in the sites of sudden basement subsidences.

In the shield area, in case of 90-120 km long velocity branches, the depth of the 
immersion proved to be 3-10 km, and the continuous velocity increase was found 
in the range from 5,8 to 6,3 km/s. On the other hand, in the Korosten and Belozer 
area a sudden velocity increase was experienced.

In the depth range of 8-30 km the gradient is slight (from 6,1 to 6,3 km/s). This 
suggests an immersion at the granite bottom. From 30 to 50 km the gradient increases 
(from 6,3 to 6,7 km/s). The existence of a transitional zone of 2-5, exceptionally 
10 km, thickness is beyond doubt. Its extreme velocity values are 6,8 and 8,2 km/s.

In the Dnieper-Donets basin’s sedimentary complex the velocity increases with 
depth from 3,5 km/s to 5,5 km/s. It increases in the granite from 6,0 km/s to 6,4km/s. 
The complexes of 6,8-7,6 km/s velocity correspond to the gabbro-layer. The gabbro- 
bottom is of inversion character and the thickness of the crust/mantle transitional 
zone may attain 10 km.

In the Carpathian area, the sedimentary velocity (apart from the topmost few 
meters) increases with depth from 2,5 km/s to 5,4 km/s, with a considerable horizon-
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tal gradient. The velocity in the basement is 5,8-6,0 km/s, in the gabbro 6,6 km/s' 
(top), resp. 7,3-7,4 km/s (bottom).

In the Transcarpathian depression the velocity of the Xeogene cover continuously 
increases from 1,7 to 5,0 km/s. A southwestern trend of horizontal velocity increase 
can be observed.

The velocity of the Mesozoic-Paleogene basin-floor is 5,3-5,5 km/s. It is depth- 
dependent : it increases to 6,0-6,9 km/s especially on areas of volcanic activity. 
Under the Mesozoic-Paleogene complex a 6,1-6,5 km/s velocity suggests the meta- 
morphic basement, with an inversion to 6,0-6,1 near the Hungarian border (Chop 
depression). The inversion is followed by a 6,4 km/s velocity, then the Conrad 
follows, with a velocity of 6,7-7,0 km/s. In the gabbro bottom another inversion 
(6,4 km/s) has been found.

The inversions explain a great deal from the hitherto hidden laws of certain phe
nomena: e.g. the gravitational, and structural anticorrelations, the Moho’s prevalence 
and the dominance of reflections in the wave pattern.

Conclusions

Some of the results have been inevitably mentioned in the foregoings. And al
though great strides have been made in getting nearer to the gist of tectonic 
problems, the overall pattern obtained, is still rather sketchy. The uncertainties 
and difficulties have been likewise pointed out, thus the following passages will 
always bear the tint of some idealization.

The results are demonstrated in long x-egional crustal profiles, with regards to the 
size of the territory one might say: geotraverses, and in lesser but nevertheless 
characteristic local profiles (Pigs. 19, 20, 21, 22, 23, 24, 71). The most integrate 
document of the research is the contour map of the Moho discontinuity under Uk- 
rainia, as compiled by V. B. Sollogub (Fig. 25). The details, in geographical order 
are the following. Transcarpathia will be somewhat more detailed because of its 
peculiar features.

In Transcarpathia (Fig. 19) the depth of the folded Mesozoic-Paleogene basin 
floor varies between 1,2 and 3,0 km. (In the Hungarian part of the Carpathian basin 
only the Upper Cretaceous is drawn together with the Paleogene because of the un
interrupted Upper Cretaceous-Paleogene sedimentation, i.e. because of the lack of 
an unconformity on the Cr2—Pg boundary and after all, the Mesozoic comprises the 
Triassic and Jurassic too. The real, significant angular unconformity is between 
Crx and Cr2, which means the Austrian movements; more precisely on the bottom of 
Cr2. The mainly clastic sedimentation from Cr, on, is regarded as basin sedimen
tation, including the Neogene members too. Hence, the youngest component of the 
basin floor is Cr, ; consequently it is denoted as Preaustrian basin floor. There is only 
slight evidence of its being folded if sedimentary ; on the contrary : it reveals rather 
platform-like circumstances from at least the Upper Carboniferous era. This does 
not refer to cases when the Cr2-N  complex is directly underlain by Precambrian and 
Old Paleozoic metamorphites, i.e. when the basin floor and basement are identical, 
for the basement is folded; the Editor’s note.)

The deepest part of the Transcarpathian depression lies to the NW from NP 17, 
in Czechoslovakian territory, where the Pre-Neogene basin floor has been hit by a 
deep drilling in 3625 m. In the surroundings of Velikie Dobron, boundary velocities
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Fig. 19 Time-distance graphs and profile section o f NP 17 in the Trans- 
carpathian depression

I arrivals from Keogene sediments; 2 from the Mesozoic-Paleogene sediments; 3from  
the basement; 4-5 from intra-granite interfaces; 6 intra-granite refraction in the 
Salatvina depression; 7 Conrad reflections; 8 Conrad refractions; 9 reflections from 
intra-gabbro inverted interfaces (wave-guides); 10 wide-angle reflections from the Moho;
II  refractions from the Moho; 12 the basement; 13 the Conrad; 14 the Moho; 15 deep 
faults; 16 Keogene; 17 Mesozoic-Paleogene dislocated floor; 18 the granite layer; 19

the gabbro layer; 20 tectonic units
I the Chop depression; II  the Vihorlat-Gutin range; III  the Salatvina depression; IV  
the Marmarosa crystallines (Inner Carpathians); V the Rakhov crystalline massif

(Inner Carpathians)

tend to increase because of andesites (and their tuffs) having penetrated the folded 
basin floor in nearsurface elevation.

To the west, as far as to the Vihorlat-Gutin Mts., the floor is quiet, no large faults, 
and only slight traces of volcanic activity have been observed, and no great boundary 
velocities either. The gravity field is likewise more smooth than over the north
western depression.

The boundary velocities of 6,1-6,5 km/s refer to the horizon C0, i.e. the meta- 
morphic basement, or granite top. Inner Carpathian geologic evidence suggests 
a Paleozoic basement. Its depth varies, along the profile, between 4,5 and 8,0 km.
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The basement is elevated under the Transcarpathian depression topping at the 
Vihorlat crest; its flanks plunging below the Chop, resp. Salatvina depressions. 
In the Tereblya structure the Paleozoic, especially its sedimentary part, thins, even 
pinches out.

The level difference of the Pre-Neogene basin floor (horizon zero) and of the 
horizon C0 is, in fact, the thickness of the folded Mz-Pg, varying between 3,0 and 
4,5 km.

Under the horizon as mentioned, an inversion (0,0-6,1 km/s) occurs in the Chop
depression. It must be in some connection with the Neogene volcanism of this area.

The depth of horizon Co,, representing probably the Baikalian basement, varies 
between 6,5 and 14 km. It is indented under the Transcarpathian depression. It is 
deepest between the Zaluzh structure and the Vihorlat range, and rises towards NW 
and SE. Under Tereblya the rise is sudden, it consists of series of faults in a shingle 
pattern.

The Conrad discontinuity (C,) lies in a depth of 8,0-17,5 km. It is shallowest in the 
Salatvina depression, and rises southeastwards. The depth difference of horizons 
C0 and Cx determines the granite thickness.

Horizon C0 represents the second inversion. Its velocity, just over the Moho, is 
6,4 km/s: that of the granite. This inversion must likewise be somehow connected to 
volcanism as suggested by its thickening around the deep fault of the Vihorlat-Gutin 
area.

The crustal thickness in Transcarpathia is 24-29 km. The crust can be divided into 
several blocks, e.g. into four blocks in the Chop depression and into two cnes in the 
Salatvina depression. The blocks are separated by faults, some of which do not pen
etrate down to the Moho. The tectonic disturbances are accompanied by products 
of intense volcanic activity.

The largest deep fault separates the Chop depression and the Salatvina depression 
and surfaces in the vicinity of the Vihorlat-Gutin range. The fault plane slopes 
southeastwards traversing the entire crust.

To the NE from the Transcarpathian depression the Mesozoic-Paleogene folded 
floor crops out in the folded Carpathians to form their Flysch belt.

The DSS measurements along IP III (Fig. 71) have shown the crust to be charac
terized by a velocity gradient and to be devoid of long, continuous horizons.

A refractor of 5,2-5,6 km/s velocity in a depth o f 5-8 km represents, in the Eastern 
Carpathians, the floor of the Mesozoic-Paleogene Flysch complex, which is obviously 
that thick. (This floor must be identical with the Hungarian Preaustrian basin 
floor; the Editor’s note.) This floor is deepest under the Nappe zone and the foredeep 
o f the Carpathians.

The metamorphic, faulted basement of 5,8-6,6 km/s velocity is 10-15 km deep. 
This is identified as the dislocated and kata-metamorphic Riphean or Baikalian 
basement. It is likewise deepest under the Nappe zone and foredeep of the Eastern 
Carpathians.

The direct cover of the Baikalides is elastically similar to the Paleozoic complexes 
o f the Donets basin and of other Hercynian parageosynclines.

The depth of the Conrad, in the Eastern Carpathians, is 18-23 km. It dips towards 
the foredeep, under which it is thrown down to 30-32 km depth.

In a depth of about 30-40 km an intra-gabbro horizon of 7,2-7,3 km/s can be 
traced, dipping in the same direction. It may be a relict or regeneration of the Moho. 
This will be enlarged upon in Chapter 3, with the due comments.

The Moho discontinuity is clearly indicated in a depth of 53-65 km. At the boun-
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dary of the cliff belt and Flysch 
belt it suddenly drops from 30 
km to 53 km. The deepest Moho 
can be found under the foredeep.

All crustal horizons, under the 
Eastern Carpathians, are more 
or less parallel, i.e. all slope 
northeastwards but with increas
ing angle. Thus, in the root an 
asimmetry takes place, so much 
so that the crustal thickening in
cludes even the marginal part of 
the adjacent Volhynian- Podolian 
platform.

From here to the Ukrainian 
shield the main discontinuities 
are rising. From the inner fore
deep to the platform margin the 
rise is stepwise, along deep faults.

At point 130, the basement’s 
surface is seismically disturbed 
without change in the relief. It 
probably means a fault with 
early Proterozoic rocks on the 
SW side and with earlier Precam- 
brian rocks on the other side of 
the fault.

The Pre-Riphean basement of 
the Volhynian-Podolian platform 
gradually rises northeastwards to 
crop out in the surroundings of 
Shepetovka. The Conrad and 
Moho behave the same way, they 
rise to 15 km, resp. to 40 km. 
The rise is uneven, with faults 
and bendings.

The information obtained about the inner structure of the Korosten pluton is 
shown in Fig. 20. The crust, here, is layered and blocked. The main blocks are: the 
granite area in the S and SW, and the gabbro-labrodorite area in the N and NE, 
separated by large fault zones. The most important is the one between the Volhynian 
and Chepovich massif. It is deep and several kilometers wide. It coincides with 
gravitational and magnetic disturbances. The massif is bordered by a large fault 
also in the south. The faults are not very steep.

In the whole, the Korosten pluton is of intricate graded build. It is composed 
of near-horizontal gabbro-labradorite lenses, alternating with gently sloping granite 
rocks. The pluton is of hypabyssal origin. The basic material ascended through 
faults. The main channel was obviously the separating deep fault mentioned. The 
subsequent injections of the granites ascended along the bordering faults, connected 
perhaps, in the depth, with the main channel. The ascending granite material has 
spread and created the present “ sandwich”  facies, not only on the basement sur-
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Fig. 20 Time-distance graphs and profile section 
o f NP 13 in the Korosten pluton area 

1 P waves from the basement on the surface; 2 converted 
waves from the basement; 3 arrivals from intragranite inter
faces; 4 from the Conrad; 5 from intracrustal interfaces in 
general; C the Conrad; 7 gabbro-labradorites of the Korosten 
pluton and kins; 8 the granite layer; 9 the gabbro layer;

10 faults; 11 diffractions; 12 tectonic units 
I tlie Korosten granite; II the Volhynian massif gabbro- 

labradorite area; III the Chepovich massif
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Fig. 21 Time-distance graphs and profile section o f  IP  V III

1 arrivals from the basement (surface); -  from the Conrad; 3 Moho reflections; 4 Moho refractions; 5 intragranite refractors; 6 the Conrad; 7 the Moho; 8 intracrustal reflectors; 9 known structures; 10 minor faults
T . , . , „  (DSS); 11 deep faults (DSS); 12 the granite layer; 13 the gabbro layer; 14 diffractions; 15 tectonic units
I the fore Azovian massif; II the Orekliovo-Pavlograd early Proterozoic geosyncline; III  the Zaporozhe median massif; IV  the Krivoi Rog-Kremenchug early Proterozoic geosyncline; V  the Kirovograd proto

platform block; VI the Odessa-Talnovo early Proterozoic geosyncline
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Fig. 22 Time-distance graphs and profile section o f  IP  I
1 arrivals from the sediments; 2 immersion waves from the sediments; 3 basement arrivals; 4 granite reflections in the Dnieper-Donets basin; 5 arrivals from the Conrad; 6 extensive intra-gabbro reflectors; 7 Moho 
reflections; 8 intracrustal random reflections; 9 sedimentary horizons; 10 the basement; 11 horizons beneath the floor of the Dnieper-Donets basin; 12 the Conrad; 13 the Moho; 14 intracrustal reflecting horizons; 15 

known faults; 16 minor faults (DSS); 17 deep faults (DSS); 18 sea water; 19 sedimentary complex; 20 the granite layer; 21 the gabbro layer; 22 diffractions; 23 focus of earthquakes; 25 tectonic units 
I Black sea depression; II the Crimea; III the Scythian platform; IV the Ukrainian shield; V the Dnieper-Donets basin; VI the Voronezh massif



face, but also along intracrustal sub-horizontal zones. (The ascension of plutons, and 
especially of granite plutons is similar, both in form and in the accompanying 
dragging tectonic phenomena, to that of salt-diapirs. Recently some views have 
been advanced about the salt-diapirs, assuming them to have “ floated”  or “ bubbled” 
up from a denser environment. It is not excluded that the known granites of the 
Earth “ bubbled up”  in their times from their denser surroundings, e.g. from a crus
tal bottom of inverted velocity.

Perhaps even the segregation of the crust to granite and gabbro is an end-product 
of such a process. The Korosten pluton, with its basic prevalence seems to contradict 
the idea but because of the abundance of granite injections, this possibility cannot 
be entirely excluded either, attributing the ascension to the uplifting effect of the 
lighter granites. And the granites themselves are not necessarily originating from 
liquid magma, they might as well be metamorphic rocks. In the depth of their 
origination melting is rare, but chemical changes in solid state may take place. If so 
the bordering faults are not the causes but the results of the ascension. This is a 
mere idea, but perhaps worth of some consideration; the Editor’s note.)

Proceeding northeastwards along IP III, the crust, under the Dnieper-Donets 
basin, thins to 34-35 km, accompanied by a slight subsidence of the Conrad to 12-17 
km dejhh. The basement’s depth is 4-5 km. At the margins of the graben, crust- 
traversing faults can be observed.

IP VIII was planned to connect and finish the Ukrainian DSS network, from the 
southern reaches of the river Rug to Taganrog city, following the general strike trend 
of the Ukrainian shield. Information about the laws of Pre-Riphean consolidation 
have been expected from this profile (Fig. 21).

The ancient, consolidated basement is exposed or nearly exposed along the entire 
length of the Russian part of the profile (hitherto, this section has been negotiated 
only).

The Conrad, a clear seismic horizon, is 10-15 km deep in the west, and 18-22 km 
deep in the east, in the area of the Konsk, Orekhоvo-Pavlograd and Corsacks 
synelinoria.

The Moho depth varies between 30 and 00 km. The site of its maximum depth 
falls below the early Proterozoic geosyncline system. Several faults are traversed by 
the profile. The most important are the Kirovograd, the Krivoi Rog-Kremenehug 
and the Orekhovo-Pavlograd ones, stretching far off on either side of the profile.

Some explorational refraction work has been performed on the shield, in the Belozer 
iron district. The surface is elastically regionalized. The complexes are near-horizontal.

In the interior of the crystalline complex several elastic boundaries exist, not even 
without economical significance (see the iron deposits at Belozer). They are in 1-4, 
resp. 5-9 km depth. The boundary velocity of the latter horizon is 6,8-7,0 km/s. 
Because of their detailed and exploration character, they are not represented in 
Fig. 21. For details the reader is referred to the literature (Sollogub et ah, 1966).

Ukrainia is traversed submeridionallv by IP I and NP 10, continued towards the 
Black sea in IP IX  (Fig. 1).

In the northern section of IP I (Fig. 22) the crystalline basement lies in a depth of 
10-12 km (Shevchenkovo-Bliznets area). In the shield area the basement is uncovered 
or thinly covered. To the south from the shield the cover thickens again, containing 
old sedimentary complexes. When traversing the contact of the East-European plat
form with the younger Scythian platform, the older, Pre-Riphean, basement suddenly 
subsides, and a younger folded-metamorphic complex becomes the immediate base
ment of the sedimantary cover. In different parts of the platform the basement is
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likewise different, zones of Baikalian, resp. Hereynian, resp. Kimmerian consolida
tion can be distinguished in it.

In the contact zone of the two platforms suture-grabens have been discovered 
filled up by sediments of several kilometers thickness.

In the Crimean Highlands the Kimmerian basement of the Scythian platform crops 
out. At the southern coast-line the dislocated Triassic-Jurassic complexes suddenly 
subside below the Black sea, and pinch out in a distance of 30 km from the coast 
of the peninsula. Farther to the south the entire granite layer pinches out.

In the Black sea depression the sedimentary cover is very thick (10-15 km). 
Judging from apparent velocity values the sequence consists of relatively young, 
rather uniform, loose, mainly clastic sediments.

The Conrad discontinuity slopes rather fast below the Dnieper-Donets basin to 
attain 25-27 km depth there. Towards the shield it rises and is deprived of its sharp
ness to change into a peculiar granite-gabbro mixture of transition, the top of which 
sometimes almost reaches the surface (e.g. in the Belozer district).

Under the Crimean Higlands the Conrad rises to 8-10 km depth. Since the Moho 
is subsiding just here, a considerable thickening of the gabbro layer can be observed, 
attaining as much as 40 km.

Under the Black sea depression the Conrad depth is 15-20 km. In the deep water 
region, where the granite layer pinches out, the Conrad is the basement of the sedimen
tary complex.

The Moho discontinuity, under the Dnieper-Donets basin is 40 km deep. Under 
the shield the crustal thickness increases to 45-50 km, then, under the Scythian 
platform it decreases to 39-40 km again.

Under the Crimean Highlands the Moho lies in a depth of 50 km, suggesting a root 
of this orogenic belt. There may be another explanation too, to be discussed later.

Contrarily to Crimea, under the Black sea depression the crust considerably thins 
out. Here and there its thickness is 20 km and even less. It is a sub-oceanic type of 
the crust consisting of sediments and gabbro exclusively.

A series of faults, traversing the crust and cutting it up to blocks, has been discov
ered by IP I. The main faults are between the Black sea depression, the Crimean 
Highlands, the Scythian platform and the East-European platform. All of them slant 
northwards and the latter two terminate under the East-European platform as well 
as their continuations traversed by IP III.

The deep faults bordering the Dnieper-Donets depression, and several similar 
faults of the shield area, are of not less significance.

The inner structure of one of the deep fault zones was investigated with refraction 
shooting in the Crimean Lowlands. The profiles traversed the fault zone Melitopol- 
Novotsaritsin.

The results obtained (Fig. 23) show that the zone is about 15 km wide, and its 
structure can be unravelled only by taking into account diffractions and the anom
alous events on the records. The occurrences of local interfaces of about 8,0 kni/s 
velocity suggest peridotites and other ultrabasites. Thus, the zone must reach down 
into the upper mantle which is the supply area of these compact rocks, causing 
gravity anomaly too (e.g. at Novotsaritsin).

Mixed profile NP-IP 10-IX (Fig. 24) gives another submeridional cross-section 
about the same territory. In the north it traverses the Donets folded structure. The 
crystalline basement is 15-17 km deep here, i.e. deeper than in the southwestern 
part of the Dnieper-Donets basin. To the south from the Donets basin the basement 
rises to the surface and forms the fore-Azovian massif of the Ukrainian shield. In the
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Fig. 23 Time-distance graphs and profile section o f 
NP Dhzankoi-Feodosiya

1 arrivals from the sediments; 2 from the basement; 3 intracrustal 
waves; 4 the basement; 5 intracrustas interfaces; 6 minor faults; 
7 boundaries o f deep fault zones; 8 diffractions; 9 deep drilling
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Scythian platform the folded, heterogeneous basement is younger and its surface 
deepens in the North-Azovian depression ; it rises in the zone of the Azovian thresh
old : and deepens again in the Indolo-Kuban foredeep. The sedimentary thickness 
attains 15 km here. It is 12-13 km under the Kerch peninsula, and it is 10 km, 
in average, in the traversed part of the Black sea depression, where the basement, as 
mentioned, is nothing else than the gabbro layer itself.

The Conrad discontinuity is 30 km deep under the Donets basin. Towards the 
Voronezh massif and the Ukrainian shield it rises to top under the fore-Azovian 
massif. Under the Azovian threshold the Conrad sinks again to .25-27 km depth. 
Finally, under the Black sea depression it rises to 10 km, to step into the place 
of the basement.

The Moho discontinuity, under the Donets basin, is 40-45 km deep, and forms an 
intricate saddle structure. In the succeeding 500 km (between the Voronezh massif 
and the Azovian threshold) the Moho, mildly undulating keeps, in fact, a depth 
of about 40 km. Towards the Black sea the depth rapidly decreases: it is 18-28 
km under the deep water region.

Along this profile, numerous fault zones have been traversed, correlating with 
those traversed by the parallel IP I.

*

The material discussed so far testifies for a wide range of crustal thickness variation 
in Ukrainia. The extreme values are 24 and 65 km in continental areas, but the lower 
limit descends to 18 km as soon as also the sub-oceanic Black sea depression is 
considered. And the great undulations of the Moho are characteristic to all geological 
units of Ukrainia. This tends to confirm an earlier statement (Sollogub, 1967) that 
the geosyncline or platform character of a region is not a decisive factor in the crustal 
thickness.

The general conclusions will be drawn in Chapters 3, 4, 5, but it is worth mentioning 
right here that the deep structures and near-surface structures are in correlation both 
in the ancient geosyncline area of the Great Krivoi Rog and in the young geosyncline 
areas, as e.g. in the Carpathian system or the Crimean Highlands.

In the Ukrainian shield very old (more than 2  billion years) orogeny has left its 
trace in the mantle. The “ smoothing” , the disappearance of a root, consequently, 
must take place much slower than it was hitherto thought. (This statement cannot be 
extended to all of the old geosynclines of the world, for some Hercynian geosynclines, 
described just in this work, actually have lost their roots in some 300-350 million 
years. The Ukrainian local phenomenon is very interesting, but crustal thickness 
in itself is usually not characteristic of the tectonic feature, but crustal thickness, 
and its configuration and the topmost structures are together significant in tecton
ic classification. The same holds to isostasy which is not a function of the topog
raphy alone, but of the mass distribution as well, and it depiends on topography as 
much as the topography is in correlation with the mass distribution; the Editor’s 
note.) Anyway the topiography of the Great Krivoi Rog has been smoothed by denuda
tion and the mountain range рэгорег has disappeared. Only locally have narrow and 
deep} syncline structures survived, containing metamorphic early Proterozoic for
mations, among them the intensely magnetic itabirites. The lack of magnetic anom
alies is, consequently, a tectonic indicator of a too shallow p>ast syncline or of a 
particularly intense past denudation, or of both.
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Fig. 24 Time-distance graphs and profile section of mixed NP-IP-10-IX
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1 arrivals from the sediments; 2 from the basement; 3 from the Conrad; 4 Moho wide angle reflections; 5 Moho refractions; 6 the basement; 7 the Conrad; 8 the Moho; 9 reflecting seelions; 10 known faults; 11 minor 
r “ Í4 n nSS)’- 12 ЙттР*ь U t DSS ! 13 sea.” teIl  44 sedimentary complex; 15 the granite layer; 16 the gabbro layer; 17 shotpoints; 18 diffractions; 19 depths under the SP-s from t8-s; 20 tectonic units
1 Black sea depression, II  the eastern plunge o f the Crimean Highlands; III the young depression Indolo-Kuban; IV  the Scythian platform; V the fore-Azovian massif; VI the Donets basin; VII the Voronezh massif
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The Krivoi Rog - Kremenchug crustal thickening continues northwards in the 
Dnieper-Donets aulacogene, and southwards under the Crimean Highlands. The 
latter is more definite.

As far as the “ root”  in question is criterion of the Saksaghan phase, the possible 
Saksaghanides can be delineated through DSS. Fig. 25 shows that the distance be
tween the assumed Saksaghanide zones is 170-220 km.

In the Talnovo district a 10 km Moho displacement, along a deep fault, has been 
discovered.

To the southeast from Mt. Rovno extends the Shepetovka-Vinnitsa crustal thick
ening, not thoroughly investigated. It is bordered in the west by a deep fault (see 
Fig. 71), accompanied by basic extrusions, and by another one in the east. Its 
extension is not definite, it perhaps corresponds to the Bug-line of K oslovskaya  
(1965) or to the Vinnitsa-Odessa synclinorium of K itzhelov (1957).

In the northern cont inuation of the Krivoi Rog root one finds the famous magnetic 
anomalies of Kursk. Two such anomalies are traversed by DSS profiles to the east 
from Kharkov and both are characterized by narrow strips of crustal thickening to 
as far as the Caucasus region, manifested in the surface geological pattern too, 
similarly to the Kursk area (D obrokhotov, 1961).

The northeastern range of the Kursk anomaly itself is traversed by NP-s 1, 10 
and 11, and a slight crustal thickening, parallel with NP 1, also suggests a similar 
structure.

In the vicinity of and parallel with the Donets basin the crust is thinner (35-37,5 
km). The minimum crustal thickness (30-35 km) can be traced in the Dnepropet
rovsk area (IP VIII, NP 19). The crustal thinning forms a curved ridge in the mantle, 
manifested in the surface geological pattern too.

The Orekhovo-Pavlograd and Konsk-Belozer synclines are likewise accompanied 
by early Proterozoic roots and magnetic anomalies. These ones, however, die away 
in the Dnieper-Donets aulacogene in the north, and in the vicinity of Melitopol, 
in the south.

The origin of the roots of the young Alpine Crimean Highlands and of the Carpa- 
thians is a matter of disputes. The Crimean root under the Highlands is 50 km thick 
but latitudinally it thins in either direction, altough it should be E -W  striking if it 
were of Alpine origin. To assume this crustal thickening as an early Proterozoic one 
is thought to be the correct idea. The Crimean strike is almost perpendicular to the 
Proterozoic root. (Well, the Crimean range must have had a root if roots are genetical 
accessories of mountain chains at all; and if the Kerch and Black sea thin crust, 
where the mountain chain disappears below the water level, is a product of “ oceaniza- 
tion” , as suggested in this monograph, this “ oceanization”  must have eaten up the 
root, leaving it untouched where it is left so. The untouched part is early Proterozoic. 
A question arises, wether is it not more important that it is composed of a material 
resistant to oceanization, than its happening to be early Proterozoic? The Editor’s 
'note.)

In the Carpathians the maximum crustal thickness has been observed under the 
foredeep. Even the southwestern margin of the East-European platform is thick 
crusted. These crustal thickenings could not be brought about by the Carpathians. 
On the contrary, they must have existed much before the Carpathian orogeny. 
There is reason to believe them likewise of early Proterozoic origin. This is the ex
planation for the “ deeper”  one of the two Mohos under the Carpathians. The “ shall
ower”  is of later (Alpine) origin, and testifies for a minor intensity of the Alpine 
movements of the site. (The Carpathian local strike, in the surroundings of IP III,
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also must be perpendicular to the early Proterozoic root, if any, for the “ deeper” 
root has not been observed in either of the other Carpathian international profiles: 
V and VI; the Editor’s note.)

It is worth mentioning that in the Dnieper-Donets aulacogene the basement is in no 
correlation with the deep early Proterozoic crustal structure, altough some marginal 
faults can be traced back to the effect of the latter.

The incongruence of the crustal top and bottom structures suggests other than 
phase-transition process in the mantle, as claimed by some authors (B orisov , 
1967; Sollogub-T b ipo lsk iy , 1969; Subbotin , 1955) to have brought about this 
aulacogene.

A splitting up and expansion o f the crust, resp. o f  its upper part, accompanied 
by  a mass redistribution, seems to be a better approach (Ch ekunov , 1966).

Summing up the conclusions obtained by DSS measurements in Ukrainia, the 
following statements are worth of consideration.

1 . The lowermost section of the crust came into being in the early Proterozoic, 
in the form of roots (50-70 km), and median massifs inbetween, with thinner (30-40 
km) crust. This refers to the Carpathians and to the Crimean Highlands too. (See 
the last Editorial note.) With the denudation of the early Proterozoic mountain 
chains also the Moho underwent a levelling but not so intensely as it was hitherto 
thought: the overall original crustal structure has survived.

The Moho relief and surface geology may be congruent and incongruent. The Car
pathians are apparently of similar strike trend as the Crimean Highlands, and the 
Dnieper-Donets aulacogene is almost perpendicular to the early Proterozoic Ivrivoi 
Rog system, etc. (The Carpathian strike trend covers some two thirds of the com
pass; the Editor's note.)

2. The theory of the isostasy in the classical sense, needs a reconsideration, for 
the Moho relief and surface topography do not anticorrelate. Along IP VIII the 
surface elevation changes within 100 m on a distance of 500-600 km, while the Moho 
relief, undulates between 30 and 60 km. (The relief is only a single parameter when 
considering isostasy; the Editor’s note.)

3. Comparing the contour sketch of the Moho to gravity data, to basement relief 
and to surface topography, the gravitational crustal thickness calculations seem 
to be of limited value, mainly areally. The observed gravitational effect is due, in 
the first place to the near-surface density distribution, since the variation of the 
Ag hardly originates from deeper horizons.

4. The knowledge of the Moho relief (structure) is important in the tectonic 
understanding of the investigated area, and adds to the right orientation of the 
exploration for mineral deposits, for the ranges of large structural belts of explora
tion interest have been corrected by the DSS measurements.

5. The near-surface and deep faults have proved to be in close connection. So 
much that faults sometimes can be traced more reliably in the Moho horizon than

-<------
Fig. 25 The contour sketch of the Moho under Ukrainia
1 DSS profiles; 2 sounding points; 3 contour-lines of the Moho; I  deep fault zones; 3 intense magnetic anom
alies; 6 geological units:
A  the Voronezh massif; JS the Dnieper-Donets basin; C the Donets depression; T) the "Ukrainian shield; 
E  the Black sea depression; F  the Crimean Highlands; G the Volhynian-Podolian platform; Я  the Car
pathian foredeep; I  the Carpathians; J  the Transcarpathian depression; К  the Indolo-Kuban young de
pression;
7 thick crusted belts: I  the Carpathians; II  the Shepetovka-Vinnitsa-Odessa belt; III the Odessa-Talnovo 
belt; IV  the Krivoi Rog-Kremenchug belt; V the Orekhovo-Pavlograd belt; V I-V I ’ the Kursk-Adighei belt
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in the higher levels. The results of the DSS measurements have explained the appar
ently irregular behaviour of some faults in the sedimentary complex or in the surface 
of the basement (Dnieper-Donets aulacogene, Donets basin, Western Crimea, etc.), 
especially, when sudden strike change is encountered.

6 . Finally it deserves a few words that the structure of the crustal bottom is very 
complicated and the crustal blocks behave rather individually. The distinctive 
features of the Moho can change within kilometers, and the deep-seated structural 
variations are manifested in the near-surface geological pattern of direct human 
interest.

The Black sea oîîsliore and deep water region
I. A. GARKALEXKO*

Introduction

The first DSS measurements in this area were carried out in 1957-59, by the 
Oceanographic Institute of the Soviet Academy of Sciences. The project had covered 
isolated profiles in the central and eastern basins of the Black sea. The preliminary 
results have supplied the basic information about the crustal structure of this area 
(kosm inskaya , 1961; gonchaeov et ah, 1966; balavadze  et ah, 1968).

In 1966, an inter-departmental geophysical expedition, amalgamating several 
institutions of governmental and Ukrainian provincial authorities (see the Intro
duction of the monograph), began the systematic investigation of the area. In the 
western basin of the Black sea three profiles were negotiated with DSS: the NNE- 
SSW oriented 25 M (Cherson-Kefken), the WSW-ENE oriented 26 M (Zmeiniy 
island-Tarkhankut) profiles, both being sections of IP X I; and. the almost lati- 
tudinally running profile 27 M: a section of IP X III in the deep water region. Al
though the early profiles have likewise supplied deep-structural information, only 
the three enumerated will be described in details, for they are in the nearness of 
the continental structures of the region.

Geology

XP 25 M traverses the marginal part of the East-European ancient platform, 
the young Scythian platform of stratigraphically and petrologically heterogeneous 
basement, the Black sea depression, and the deep faults bordering, resp. separating 
these tectonical units.

XP 26 M does not leave the Scythian platform, and so it traverses the southern 
continuations of the huge faults of the Ukrainian shield.

XP 27 M runs over deep ocean floor.

* Geol. Min. USSR, Kiev
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Methodology

The investigations in 1966 were made aboard five recording ships: MS N orator, 
MS Selskiy, MS Otto Shmidt, MS Golitsin and MS Obruchev, further with three 
multichannel field crustal equipments, with two CRM equipments, with three 
bottom stations and two radio-seismic buoys. In 1968 MS Nova,tor and MS Obruchev 
were replaced by MS Bett a, and MS Captain Chumakov. The signals were received 
and recorded by five self-governing bottom (floor) equipments and specially organ
ized coastal stations.

The measurements were carried out in a moving shooting station system, and 
with recorders at anchor, or hove to in the instant of explosion. The charge 
weight never exceeded 130 kg. The recording distance, in the northwestern shelf 
region, reached 140 km.

In the deep water region the bottom equipments supplied the most reliable data. 
The noise level being negligible, the refracted w'aves could be traced up to 
180 km.

In order to obtain reverse, correlating time-distance curve system, in the northern 
part of NP 25 M, namely in the vicinity of Cherson, two shotpoints were located 
on land. Their generated vibrations were recorded by all recorders in a distance 
up to 130 km. The shootings on land were set off in 20-40 m deep holes in patterns 
of 30-40 holes, with charges of 800-1200 kg explosives. The coastal equipments, 
with SPEN-1 seismometers (natural frequency =10 cps) and NS-3 seismometers 
natural frequency = 4 cps) were stationed at the same site.

The time-break was broadcasted. Beside this, all recording equipments and 
moving shooting stations were provided with contact chronometers. In the case 
of bottom stations the time-break was controlled through a comparison of the 
chronometer signals obtained aboard, resp. in the containers of the bottom 
equipments.

The geodetic tying up of the recording and shooting stations in the near off
shore strip was realized by a short-range navigation system, and beyond its range, 
with common navigation systems. To increase accuracy, in the southeastern Cri
mean coastal area a recording station has been set up to pick up Airy phases. The 
SP distance was determined also by Airy phases, taking the drift from the reference 
buoy into correction.

The measurements, in the year 1966, considerably differed from earlier marine 
measurements, in the following features:

1) thick coverage: recording by 20-40 kilometers, SP sjmcing 1,5-2 km;
2 ) combined shooting on land and at sea;
3) accuracy of geodesy provided by radio-navigation;
4) wide application of self-governing bottom (floor) equipments.

Wave characteristics

The kinematic and dynamic properties of the waves recorded were compared 
with those of Crimea and the coastal degression. Thus, the waves could be iden
tified, as having arrived from the sedimentary complex (P0 1 2 ... )> from the top 
and interior of the granite layer (Pjj), from the Conrad, i.e. from the top of the 
gabbro layer (Pf) and from the top of the upper mantle, namely from the Moho 
(PM).
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Due to the poor velocity differentiation in the upper section of the crust, numerous 
wave types reveal similar characteristics. In case of point soundings of 2-5 km 
spacing, and low-frequency equipments, some waves can he missed or confounded. 
For phase corxelation either clear singlets or entire wave-groups are suitable.

Waves Pq comprise a low apparent velocity (1,5-2, 6  km/s) group traceable every
where in a 0-11, scarcely 20 km SP distance, meaning Tertiary sequences. They 
are intense and attenuate rapidly. The correlation resorts to the first phases. These 
waves never occur as later events.

Waves P| comprise arrivals, in the deep basin (along NP 25 M), of 2,6-3,2 km/s 
velocity. They are likewise intense and apt to attenuate.

Waves P| occur in the Black sea depression with 3,8-4,5 km/s apparent veloc
ity, between 12-20 and 30-40 km SP distances. They are intense.

Waves P 3 occur, in a SP distance of 10-45 km, as first arrivals. They are intense 
and quickly attenuating. The breakpoint of Р/, and P| is definite for their respective 
ap]larent velocities differ considerably. Beyond 30-45 km, the P| waves fade 
away and they are outdistanced in first events by deeper arrivals. To the south 
from the intersection of profiles 25 M and 26 M the break of P| and of deep arrivals 
is not sharp. To identify the horizon sending the P| wave, manysided correlation 
has been applied (drillings, land refraction, marine reflection) and it has been esta
blished to represent, in all probability, the Cretaceous top, or some horizon running 
somewhat under it.

Waves Ps4 occurred on the eastern part of IP X I only, namely in first arrivals 
from 30-50 km on ; up to this distance : as second arrivals together with PS waves. 
The tracing of these waves is limited and they are attenuated rapidly enough. 
Their recording is uneven, their correlation is of limited reliability. They are some
times only indicated by a disturbed P| wave. Their corresponding refracting hori
zon, ad analogiam of the Crimean Lowlands, may be the Triassic top.

Waves P|, originating probably from Paleozoic platform sequences, were en
countered on the western part of IP X I only. An apparent velocity of 5,0-5,4 km/s, 
2-3 stabile phases, lesser attenuation, are characteristic of these waves, traceable 
as first arrivals between SP distances of 0-6 and 23 km.

Waves P/, from the basement top are represented by two phases traceable be
tween SP distances 15-25 and 60 km. The intra-granite arrivals are dynamically 
similar enough to the P f waves proper. They arrive as first events between 60- 
150 km in a time range of 11-19 sec.

Waves P f from the Conrad catch up to be first arrivals between SP distances 
o f 75-140 km. When later arrivals, they are definite enough, containing 3-5 phases 
between 90 and 115 km. They interfere with intra-granite arrivals in a section 
of 20-30 km, then, because of the fading of the latter group, P f waves arrive as 
first events. Their farthest first arrivals are in 160 km distance, then they are re
placed by PM waves.

Wave-group PM is rather easily traceable both in first and in later arrivals (Fig. 
26). Its arrival time and duration considerably differ from those of the land records. 
In the shelf region PJJfI wraves are intense, multiphased, arriving at. 75-85 km, 
at 17-18 sec, with an apparent velocity of 9,5 km. Their amplitude is five - tenfold 
of those recorded at shorter arrival times. Their correlation is rather easy. Near 
the critical point, in a SP distance of 120-130 km, the wave pattern becomes con
fused: the number of phases changes and their evenness in amplitude breaks down. 
Beyond the critical point the group breaks up, looses somewhat in apparent veloc
ity and gains in amplitude, but in second arrival already. It may be that this
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Fig. 27 Time-distance graphs, profile section, and mean velocity section o f  NP 26M (IP X I)
1 arrivals from the sediments; 2 Paleozoic arrivals; 3 basement arrivals; 4 intra-granite arrivals; 5 Conrad arrivals ; 6 Moho reflections; 7 Moho head waves; 8 boundaries in the sedimentary complex; 9 Paleozoic
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is the section where the head waves and wide angle reflections split lip. In large 
SP distances the PM waves can be regarded as head waves (parallel curves, lower 
apparent velocity).

A land station of NP 26 M recorded intense Pjjfl waves in first arrival at a SP 
distance of 70 km, with an apparent velocity of 8,0 km/s, kept as far as 180 km. 
The correlation is continuous up to 150 km.

In the points at sea second arrivals of PM waves occur at around 190 km (21-22 sec 
arrival time). They are multi-phased, intense, interfering ones (with P£ waves). 
Prom 130 km on PM waves dominate, from 140-150 km they become first arrivals, 
and can be traced, with gaps though, until the maximum recording distance: 180 km. 
The apparent velocities are varying between 6 - 8  km/s, but the attenuation is in
significant.

The parallelism of time-distance curves suggests the path of travelling of P“ fl 
waves to be similar to that of head waves.

For a velocity analysis along profiles 25 M and 26 M the Chibisov method was 
applied. The computations were programmed for a MINSK-22 computer. Velocity 
sections were constructed along the profiles. The velocity values have been cal
culated for the maximum penetration depth at half SP distances. The isolines of 
velocity were completed through interpolation, with an interval of 500 m/s (Figs.

The velocity sections of NP 25 M and 26 M well reflect the layered and blocky 
structure of the crust. The mean velocities differ from those of the East-European 
platform, Scythian platform, Black sea depression and positively differ in the 
transitional zones between the main tectonic elements.

Fig. 26 Synopt ical records with PC, pc, PM waves (Pilack 
sea offshore)

Velocity pattern and interpretation

21, 28).
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The crustal horizons have been constructed with wave front method utilizing 
the mean velocities, or the construction was managed with the refractions of the 
intermediate boundaries.

The tectonic disturbances have been pointed out through an analysis of the 
kinematic and dynamic parameters of the wave pattern.

Conclusions

The results are presented in Figs. 27 and 28. In the profile section of NP 25 M 
a deep fault can be seen between points 40 and 20. This is the deep fault which 
separates the East-European platform from the Scythian platform. To the north 
from this fault, in the East-European platform, the crustal thickness is 40 km and 
more. At the junctions of the crustal slabs of the platforms, the crustal thickness 
decreases to 30 km, with a simultaneous sudden thinning of both the gabbro and 
the granite layer (Fig. 27).

The young Scythian platform is separated from the Black sea depression like
wise by a deep fault system. The crustal thickness in the platform area, to the west 
from Crimea, is 28-30 km.

Between points 190 and 300 of NP 25 M can be found the transition zone into 
the Black sea depression, i.e. into the sub-oceanic crusted area. The sedimentary 
thickness grows here to 10-12 km, the gabbro layer’s thickness is 7-9 km, and the 
granite layer practically pinches out. Farther to the south the crustal section con
tains sedimentary sequence (12 km) and the gabbro layer (5-7 km) only. Conse
quently, in the area of the deepest sea floor of the western Black sea the thickness 
of the graniteless crust is altogether 18 km. The same type (and thickness) of the 
crust can be observed along IP X III (27 M) too.

In the northern section of NP 25 M, about as far as point 40, the basement of 
the East-European platform consists of Pre-Riphean complexes of 6,0 km/s boundary 
velocity, in a depth of 4 km. To the south from here, this complex is succeeded 
by the heterogeneous basement of the Scythian platform; more to the south, by 
the gabbro layer.

In NP 26 M (Fig. 28) a thickness difference can be observed in the crustal struc
ture according to its western, resp. eastern position as related to the NNVV-SSE 
striking Odessa deep fault. In the western side the crustal thickness is 25-27 km, 
in the eastern side it does not exceed 18-20 km.

Between jjoints 25 and 35 of NP 26 M the deep fault of Nikolaev, bordering 
the Odessa block of the deepest part of the Odessa-Sivash depression from the 
east, has been determined.

In the western deep water region of the Black sea, in profile 27 M, under the 
Moho, another refracting boundary of about 8 , 8  km boundary velocity could be 
detected in a depth of 32 km.

---- ->-
Fig. 28 Time-distance graphs, profile section, and mean velocity section o f NP 26M 
(IP X I)
1 arrivals írom the sediments; 2 Paleozoic arrivals; 3 basement arrivals; 4 intra-granite arrivals; 5 Conrad 
arrivals; 6 Moho reflections; 7 Paleozoic; 8 the basement; 9 intra-granite interfaces; 10 the Conrad; 11 the 
Moho; 12 sedimentary complex; 13 the granite layer; 14 the gabbro layer; 15 deep faults; 16 isolines of mean 
velocity; 17 locations of recordings
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The graniteless area is characteristic of the central part of the sea basin. In the 
-Crimean Highlands area the granite layer is thin and the gahbro layer is rather 
thick. Obviously this is the reason of the positive gravity anomaly level of the area, 
but it indicates at the same time that the Crimean Highlands tectonically cannot 
be correlated to the folded Dobruja. (The recent vertical movements of the two 
areas are practically identical as shown by the Map of recent vertical crustal move
ments of Eastern Europe, IVGG, Moscow, 1971; perhaps the connection has been 
cancelled by the basification, resp. oceanization of the Crimean and near-Crimean 
crust; the Editor’s note.)

The process of the spreading of the Black sea basin has been accompanied by the 
transformation of the crustal layers. This process has involved not only the gabbro, 
but also, to^aT'certain extent, the granite layer. The seismic activity of the area 
confirms this assumption, for the southern part of Crimea and a considerable part 
of the continental slope are rather seismic. The maximum epicentre depths have 
been observed in 40 km, i.e. the epicentres must be within the crust. On the other 
hand, the central sea basin and the Odessa Gulf area are aseismic.

The general thinning of the granite layer in the Black sea depression and shelf 
Tegion, its complete disappearance in the deep water region, give a clue to unravel 
the transformation of these units. The thinning of the granite has not gone off 
concurrently under each of them. The timing can be suggested this way: shelf 
region = Mesozoic ; the folded Dobruja = Paleozoic; Black sea depression = later, 
in the period of its activization.

Thus, with the consideration of the granite and gabbro thickness variations, 
the main tectonic inherences of the area can be delineated, implying the connec
tion between deep structure and topmost structure.
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22 POLAND
J. UCHMAN*

Introduction

The first deep seismic soundings of the Earth’s crust in Poland were made in 
1960 by the Geophysical Institute of the Polish Academy of Sciences (henceforth, 
in this chapter Institute, for short). These measurements were expected to furnish 
preliminary information about the seismogeological conditions and wave pattern 
o f later profiles planned to traverse the main tectonic units of Poland.

The history of DSS in Poland can be divided into three epochs. Until the end 
of 1964 the measurements were of episodic character. The methodology applied, 
was reflection, mainly in a system of point source observation, with 2 0  or more seis
mic equipments. Between 1965 and 1969 the field arrangement changed to skipping 
continuous system with 2 - 6  equipments in the line, and the volume of experimental 
work increased. From 1969 on, the measurements have been carried out with special 
recording adapters made by the Institute. These recorders are equally adaptable 
to the tape recorder type reflection equipment “ Poisk” , and to the refraction equip
ment type SS-30/60 CRM.

The first standing crew for DSS has been organized in the Institute in 1970.

Geology

The DSS profiles, as mentioned, have been designed to traverse the main tec
tonic units and lineaments.

NP A  traverses the country in a N-S direction from the Gdansk Gulf to the 
Czechoslovakian frontier. It crosses the boundary of the European ancient platform 
almost perpendicularly. NP В is W -E oriented; it starts from the southern termi
nation of base-profile A and having crossed IP Y, it stops. This profile serves the 
discovery of the crustal structure of the Silesian upland. IP Y is N-S oriented. 
It traverses the Swiçty-Krzys Mts. and the Carpathians to enter Czechoslovakian, 
and later, Hungarian territory. NP C is NE-SW oriented, it crosses the SW boundary 
o f the Podlaska-Brest syneclise and in the Swiçty-Krzys region it joins IP V. IP VII 
is planned to touch the western termination of IP VIII. Neither of them has been 
negotiated in Polish territory so far. The Polish profile-network is a peculiar, tec
tonically oriented “ loop”  (Fig. 29).

Methodology

Between 1960 and 1964, as mentioned, PSO were made along NP-s A  and B. 
Since 1965 the aim has been to get acquainted with the full wave pattern of the 

European ancient platform, in NP C and on the NE section of NP A, with contin
uous profiling.

The SW part of NP A was negotiated with skipping continuous profiling. The 
field arrangement was not planned to obtain continuous refraction arrivals both

* Geoph. Inst. Pol. Ac. Sei., Warsaw
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from the sedimentary cover and from the crystalline basement, since such had 
already been obtained through correlation refraction measurements (CRM).

The shootings, in the beginning, were made mainly in natural water reservoirs: 
in the Gdansk-Gulf, in lakes; sometimes in mines or quarries, using 500-1000 kg 
TNT or dynamite as explosives.

Later on pattern shooting was preferred with 30-40 holes and up to 100 kg ex
plosives in each hole, the total quantity of explosives not exceeding 1 0 0 0 - 2 0 0 0  kg. 
The effectiveness of shooting depended on the medium around the charge.

Fig. 29 The plan o f the Polish DSS on the tectonic sketch o f  Poland
1 Flysch; 2 Molasse; 3 coal measures; 4 granitoides; 5 domes; 6 sutures; 7 general strike 
trend o f folded belts; 8 known, resp. assumed disjunctive dislocations; 9 flat faults, 
overthrusts; 10 steep faults; 11 marginal depressions; 12 hypothetical boundaries o f 

tectonic belts; 13 DSS profiles; 14 shotpoints

Until 1964 SS-26-D, SS-24-P reflection and SS-30/60 refraction equipments were 
used, all of limited suitability for DSS. An American-made equipment, type SIE- 
S-33 satisfied the requirements alone. Hence, the Institute was forced to construct 
an amplifier of lower frequency characteristics, adaptable to standard equipments. 
The traditional amplifiers of equipment SS-2C-D were replaced by these ones (6 - 8 ). 
This improvement, however, was not long lasting for the SS-26-D eqipments, in 
a short while, broke down. The measurements mentioned were negotiated with 
60 spreads to provide reverse information from all intracrustal horizons including 
the Moho.
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Prom 1965 CRM equipment type SS-30/60 and reflection eqipmerit SIE-S-33 
were used with seismometers of 1 0  cps peak-frequency, which fitted the latter 
equipment’s low pass better. On the other hand, the records made writh this equip
ment sometimes contain less waves than those of CRM equipment SS-30/60.

In 1969, in IP V, tape recorder type “ Poisk”  equipments and 6  channel special 
recorders were used, made in the Institute. The full-transistorized amplifiers of 
the recorders had remarkably low noise level and high gain, resp. sensitivity.

The seismometers used were Polish made of 2,6 cps natural frequency.

Wave characteristics, velocity pattern and interpretation

As mentioned, the arrangements were separately planned to the upper, resp. 
to the lower crustal sections. The sedimentary cover and the crystalline basement 
were studied in the course of the national regional measurements.

Hence, in profiles C and IP V the data from the topmost horizons had been at 
disposal before the DSS. In NP-s A  and B, however, both depth ranges were simul
taneously investigated.

In the first period of the project, several difficulties were encountered: scarce 
arrivals, intricate wave pattern in fault zones, etc. For this reason the interpreta
tion is somewhat uncertain at the north end of NP A, in NP G (platform margin) 
and in IP V, in the iSwiety Krzys Mts. and in the Carpathians.

Anyway, the wide angle reflection from the Moho, proved to be as most pro
minent.

Besides this, in NP-s A, В and C also other reflected and refracted waves have 
been recorded from intracrustal interfaces (Figs. 30-32). The best records were 
obtained in NP C (Fig. 32) of continuous profiling. Still, because of the scanty 
material at hand, no definite interpretation can be offered. An arrival of 7,4 km/s 
is conspicuous, corresponding to a peculiar crustal type (Guterch, 1970).

t sec

Fig. 30 Time-distance graphs o f  NP A
1 arrivals from the sediments; 2 from the basement; 
3 intracrustal arrivals; 4 Moho reflections; 5 Moho 

refractions
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Fig. Time-distance graphs o f NP В
1 basement arrivals; 2 intracrustal arrivals; 3 Moho 

reflections; 4 Moho refractions

The different types of equipments rendered a way to estimate the effect of the 
frequency characteristics of the different recording channels to wave pattern. 
As it could be expected, there existed a type-dependent factor.

In IP V first arrivals are influenced by channel characteristics. This lias a bearing 
on the time-distance curve and affects velocity determinations.

Waves P^fl are of a wide spectral range. Hence, unless scattered and absorbed 
by fractured zones, they can be observed with the usual (relatively) high-frequency

equipments.
In IP V wave Pj f̂] is of small 

amplitude. In the surroundings 
of shotpoint Su chów the area is 
fractured, here the small ampli
tude can be ascribed to this, 
since the distance is just the 
critical distance of wave Pj*fl. 
In the Poprad shotpoint (in 
Czechoslovakian territory) the 
explosion energy had been in
sufficient and even this was 
scattered and absorbed in the 
strongly dislocated belt of the 
Carpathians. Still, but for a small 
spot in the northern Carpathian 
foreground, the interpretation 
is not substantially hindered.

рм refracted wave has been 
observed in all sections of suffi-

Fig. 32 Time-distance graphs o f  NP C
1 arrivals from the sediments; 2 from the basement; 3 intra

crustal arrivals; 4 Moho reflections
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oient SP distance and plenty of recordings were obtained, except again shotpoint- 
Poprad.

At the northern end and in the middle of NP A fair arrivals came from a second 
M horizon. Peculiar wave-pattern emerges in fractured zones. Two of these 
zones are in connection with the platform margin.

In the first case, in the northern half of NP A the correlation of wave PM is can
celled, and after the gap the apparent velocity of the Moho changes from 8,1 to 
7,9 km/s. This can be ascribed to a deep fault as well as to a basement fault observed 
on a regional CRM profile that was crossed by NP A in an acute angle.

In the second case, around the middle of NP C (Starachowice-Podlaska) wave 
P^„ is completely extinguished, altough outside this section it dominates. This 
extinction is likewise in connection with a Moho fault. The phenomenon, however, 
is a matter of further measurements of the reverse branch (sollogttb, 1969).

The third case occurs in IP V, where the effect of disturbed zones is quite clear. 
From shotpoint Poprad and from the Hungarian SP -  106,65 Pj)£fl and Pq waves 
can be traced until — 25,00, disappearing to the north from here. Between point 
40 and 65, the waves of the Poprad SP hardly can be observed and interjn’eted. 
From 80 to 221 P^,, can be correlated. From SP Suchów (164,5) the tracing is 
interrupted. The first arrivals and the corresponding time-distance graphs of the 
adjoining CRM profile suggest a southward throw.

Conclusions

The actual material observed is too scanty to draw any definite conclusions..
In IP V, to sketch the crustal section, and in the rest o f the profiles, to  deter

mine crustal thickness the method o f theoretical curves has been applied (guterch 
et ah, 1967).

The different degrees of detailing and the different recording systems (field ar
rangements) equally contributed to the heterogeneous quality of the material 
in the different profiles. Still some crustal thickness data are at hand on certain 
sites of the area.

In the northern part of NP A the crustal thickness is 45 km. In the vicinity 
of Thorún the Moho, along deep faults, deepens 6  km. In the southern end of NP A 
the Moho’s depth changes between 34-26-28 km.

In NP В  the reflection and refraction data do not agree (e.g. 32 km and 27 km, 
or, at Radgoszcz: 36,8 and 35, respectively).

In NP C, at the platform margin, the crustal thickness is about 48 km.
In IP V the results are more reliable. At the junction of В the crustal thickness 

is 40 km, and it is 48 km in the Carpathian Flysch-belt.
The crustal structure along IP V will be discussed in a more detailed manner 

in Chapter 3.
The items described just touch upon the regional CRM results, for the details 

of which the reader is referred to the literature (betlej et ah, 1967 ; eajklew icz, 
1970; guterch  et ah, 1962; skorupa, 1970).

As a matter of fact the material at hand is scanty enough and many problems 
remain to be solved. The results, for the time being, should be regarded as pre
liminary ones. Even so, valuable experiences have been gained, mainly methodo
logically. In the interpretation, it was several times resorted to foreign, especially 
Ukrainian material.
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23 THE GE R 31 AN DE 31 OC RATIO REPUBLIC
H. KN OTHE*-E. SCHRÖDER*

Introduction

It is a long time since geophysical crustal investigations have been going on 
in the GDR. As early as in 1954 results of measurements from quarry-blasts were 
published (k einh akdt , 1954).

The same sources were utilized (mainly in the south) from 1960 to 1963. From 
1963 to 1967, although chiefly from holes and along profiles, random measurements 
were carried out, with scattered observations and different techniques.

Between 1963 and 1967 the National Geophysical Co., Leipzig, performed a 
CRM project, along a few profiles in the north, for hydrocarbons. Besides having 
traced the surface of the crystalline basement, random data were obtained from 
deeper crustal horizons.

In 1964 a deep reflection experiment was inserted into the program of the routine 
reflection work in the Turingian basin (schtjmanx- oesberg , 1966).

In the Kolm Observatory (belonging to the Leipzig University) a seismograph 
station has, since 1960, recorded industrial explosions. The depth of the Moho, 
under the Observatory enclave, is 29 km; under the Central Erzgebirge 31 km.

In the fall of 1966 the operations started in the Czechoslovakian border zone 
along IP VI (NGC, Leipzig). In the following, the experiences and results obtained 
in this profile, will be discussed.

Geology

The GDR section of IP VI (Figs. 1 and 33) runs between Haynrode and Johann- 
georgenstadt in a length of 200 km. The profile starts in the sediment-filled intra
platform Turingian basin of almost horizontal stratification. In its southeastern 
third, the profile traverses strongly dislocated (mainly folded) Hercynian struc
tures.

The basement of the Turingian basin is evenly and gently sloping from the SE 
margin towards NE. In the middle of the basin, in the vicinity of Erfurt, the base
ment lies deeper than -  2  km (asl).

The sedimentary cover can be divided into two cycles: epi-Hercynian and Her
cynian. The epi-Hercynian cycle consists stratigraphieally of Tertiary, Triassic 
and Upper Permian (Zechstein) sequences of marine, lagoonal and terrestrial facies. 
The Hercynian cycle consists stratigraphieally of Lower Permian (Rothliegende) 
and Upper Carboniferous (Silesian) of Molassoide facies.

The folded crystalline basement belongs to the Saxo-Turingian belt of the Her- 
cynides, characterized by Proterozoic, early Paleozoic rocks, and granitoides forming 
a few NYV-SE striking large anticline- and svncline-belts of 10-50 km width. The 
nortlrwesternmost part of the profile lies in the Rhenohercynian belt.

The Profile, proceeding from NW to SE, traverses the Permo-Carboniferous

* Min. Ac. Geoph. Inst., Freiberg
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Saal graben near Weimar, the buried Schwarzburg ridge in the vicinity of Stadtrode, 
the Ziegenrück basin, the Wegdaen ridge, the Vogtland basin and the granite pluton 
of Eibenstock and Kirchberg.

The Saxo-Turingian belt is characterized by fully developed intrusions and 
metamorphism of rocks unconformously underlying the folded structures.

Fig. 33 The GDR section o f IP  V I on the tectonic sketch 
o f the area

1 acidic migmatites; 2 basic migmatites; 3 Paleozoic; 4 regional 
structural axes; 5 IP VI with shotpoints

Methodology

The NW section of IP VI, running in the territory of the GDR, has been expected 
to give information about the deep crustal structure of the extensive Hercynian 
and Erzgebirge region; about deep faults, if any, and about the depth of the Archean 
granite intrusions. The recording system was designed accordingly. In German 
and Czechoslovakian territory altogether 5 shotpoints generated the vibrations 
(Fig. 33).

In 19(56 the measurements were made mainly in the border area. In 1968 SP-21,5 
was negotiated, later Czechoslovakian explosions were received almost exclusively.

With pattern shooting system of 8-10 holes, 800-1200 kg explosives were placed 
in 25-40 m deep drilled holes. In 1968, 4-5 m deep water reservoirs were preferred, 
with the same charge weights. The arrivals proved to be excellent.

The system of recording was continuous in-line profiling with 150 m spacing of 
NS-3 seismometers of about 4,5 cps average natural frequency. No grouping was 
applied.

The recording equipment was a 8  channel refraction instrument.
The field work was hindered by the high level of microtremor, and the different 

organization of the cooperating German and Czechoslovakian crews.
The best results have been obtained in pre-arranged night-operations. The method

ology is described in details by K n o t h e  and W a l t h e r  (1968).
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Wave characteristics

All signals traceable in at least four adjecent channels have been utilized. Parallel 
and long wave-groujis were marked with a single phase, namely with the clearest 
first break.

In selecting and classifying the waves delivering information from the deep struc
ture the foDowing criteria were kept in mind:

a) the exact arrival times, b) the apparent velocities and their changes with SP 
distance, c) the dynamic characteristics (wave-form, amplitude, number of phases 
in a wave-group), d) reverse, mutual time correlation.

The wave-groups can be classified into three categories: wave-groups arriving 
from the sedimentary complex (Ps), from intractrustal horizons (Pc), and from 
the Moho (PM) (Fig. 73).

Ps waves (head waves) arrive from refracting boundaries of the sedimentary 
sequence of the Turingian basin in the vicinity of shotpoints Eineborn and Al
tengönna, up to 9 km, with 2,3-5,0 km/s apparent velocity and 16 ops frequency. 
Because of the sweeping energy field first arrivals (first phases) could be marked 
only, as usual. A part of the arrivals can be stratigraphically correlated, e.g. that 
of 4,9 km/s velocity from shotpoint Eineborn arrives from the Zechstein top.

To the northwest from the same shotpoint uncertain transverse waves (Ss), 
of 1,7-2, 2  km/s velocity, appear.

An intracrustal PJj wave just from below the surface of the crystalline basement 
can be traced in a distance interval of 10-100 km from the shotpoint. This is, most 
often, a two-four phase wave of 10-12 cps frequency. With increasing distance, 
the intensity decreases. After 55 km from Eineborn, resp. after 70 from Altengönna 
it could be recorded under extraordinarily favourable circumstances only. Its 
apparent velocity is 5,0-6,2 km/s.

In certain sections of the profile long correlating phases occur as later arrivals, 
and with high apparent velocity. The velocities are clear in the nearness of the shot- 
points, later the time-distance curves bend. These waves can be interpreted as re
flections, but they might be immersion (refracted) waves as well, assuming a medium 
characterized by a velocity gradient.

Pq ref, waves have been recorded at Altengönna and Eineborn in a distance of 
40 km. With increasing distance, these waves merge into the refraction first arrival. 
Their intensity is rather low. Arrival time at the shotpoint is 2,5 sec.

P ?  refi wave has been observed 25-50 km long from shotpoint Altengönna. Its 
curved nature suggests a reflected wave.

P^refi wave has beep recorded from shotpoints Altengönna, Eineborn, etc., at 
6 ,5-7,5 sec. This wave can be correlated with the P2 refl wave from the Vsetaty 
shotpoint on the Czechoslovakian side.

The wave PJJfl is sharply separated from later arrivals by its intensity and numer
ous phases. Still, a continuous correlation of these phases is mostly impossible. 
Their minimum shotpoint time is 9,5-10,0 sec. On certain sections, an almost parallel 
phase occurs, 1-2 sec behind the Pj*fl. Sollogub (1970) interprets it as an arrival from 
a “ fossil”  Moho (M1; M2).

рм refracted wave arrives in a distance of 130-140 km from the shotpoint. It 
consists of two phases, as a rule. Its intensity is rather low and decreases with dis
tance. Its apparent velocity (7,8 - 8 ,7 km/s) suggests a head wave from the Moho.
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Velocity pattern and interpretation

A preliminary velocity analysis in DSS is usually o f  no use, for layer- or average 
velocities measured in drillings or mines give no information about the actual veloc
ity  distribution o f  the deeper horizons o f  the crust (Strau bel , 1958; R ische, 1961; 
Schumaíín-O esberg , 1966; Feustel-N oack , 1968).

The velocity values for the interpretation of DSS results should be drawn from 
DSS data themselves, although the gaps in the time-distance curves render the 
calculations difficult, uncertain, and open up possibilities for different interpretations 
(Opitz , 1962; K nothe , 1970).

In the case of DSS the wave path of reflected waves flattens, thus the boundary 
velocities (of head waves) and even their curvatures suggesting a velocity gradient 
under the refracting horizon, may affect the velocity pattern as long as reflection 
is concerned.

Pq refl wave was recorded in 30 km distance on either side of shotpoint Eineborn, 
and in a 15-45 km distance-interval SE from shotpoint Altengönna. The preliminary 
interpretation with the theoretical curve method (K nothe, 1970) produced 5,2-5,4 
km/s mean velocity. With regards to the fact that the t2 — x2 method has suggested a 
dipping horizon, the values obtained by the theoretical curve method, should have 
been regarded as erroneous (i.e. one had to shift considerably the virtual shotpoints). 
Taking all factors, and the results of the elliptic method into consideration, the mean 
velocity until horizon C0 has been estimated as 5,5 km/s.

Pf, refl wave was observed from the Altengönna shotpoint only, in 25-50 km length, 
yielding velocity values of 5,5-5,9 km/s. A weighted mean value of 5,6 km/s has been 
accepted.

Pg ref, wave was observed both from the Altengönna and from the Eineborn shot- 
points, with gaps, however. Near-hole data yielded 5,8-5,9 km/s values, wide angle 
reflections (in great distances) gave 6,0 km/s. In the interpretation a value of 5,85 
km/s has been applied.

Pjjfl wave was observed as a near-hole one from shotpoints Altengönna and Eine- 
born, and as medium distance or far arrival from shotpoints Nepomysl (Czecho
slovakia), resp. Schernberg. Forming a reasonable mean value of the 5,90-5,95 km/s

Fig. 34 Apparent velocity-distance graph from first arrivals
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8 kms~1 near-hole values, the 6,22 km/s
medium distance (65 km) values, the 
6,35-6,40 km/s far (140-175 km) va
lues, an average of 5,93 km/s has 
been accepted.

In the case of head waves, i.e. 
first arrivals of head waves, the stra
tification must be of downward mo
notonously increasing velocity and 
layer velocities must be identical 
with the respective boundary velo
cities, if one wants to determine 
reasonable average velocity values 
for the interpretation.

If, however, the time-distance 
curve cannot be broken into straight 
sections but it curves, the average 
velocity is distance-dependent (Fig. 
34). K ondratev  (1960) suggested 
an empirical method, which has 
found complete application at all of 
the five shotpoints including the 
Czechoslovakian ones. Fig. 35 shows 
results obtained in this way at shot- 
point Eineborn.

Fig. 36 shows the isolines of the 
mean velocities along the profile 
with decreasing undulation down
ward.

In the case of curved velocity- 
branches, i.e. if velocity-gradient 

was encountered, the velocity of the immersion (refracted) wave at its maximum pe
netration was determined with the Wiechert-Herglotz formula. If the gradient is great 
the time-distance curve is very similar to a reflection hyperbola upside down. For a 
discontinuous time-distance curve G iese  (1968) has suggested an interpretation 
method taking also eventual velocity inversion into consideration. This method, 
however, has been utilized for construction of velocity-depth function only (Fig. 37).

The depth of the top of the inversion layer and the layer’s average velocity can 
be computed with the Giese method from the time-distance curves. The bottom of 
the inversion is uncertain.

The best material for such calculations was supplied from Czechoslovakian shot- 
points Nepomysl and Vsetaty. The latter’s Pj*fl permitted to determine the bottom 
of the inversion.

Profile-section construction was made with different methods on different parts 
of the profile. Sedimentary horizons were out of question because of the shotpoint
spacing. The surface of the crystalline basement was determined between shot- 
points Altengönna and Eineborn with wave front method.

C0, Cj, C2 and M horizons were calculated with two methods. Reflected wave time- 
distance curve sections were managed with the theoretical curve method from Pq, 
P f r e f i  -^2 refl and Pfcl waves.

Fiq. 35 Velocity-depth function, shotpoint 
EINEBORN

1 mean velocity ( K ondratev  method); 2 curve o f the least 
velocities; 3 interval velocities
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F i g .  3 7  Velocity-depth function ( O ie s e  method)
1 shotpoint XEPOMYgL (CSK); 2 shotpoint VSETATY (ŐSB)
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In possession of the mean velocities the elliptical method was used. The coincidence 
of reflecting elements from different shotpoints justified the wave identification 
and the reality of the velocity accepted.

The field arrangement ensured, after all, the tracing of the Moho reliably, both 
with reflection and with refraction shootings. Reflected waves were interpreted 
with mean velocity-distance function, refracted ones with wave front method. 
The results, obtained in either way, agreed well.

The velocity distribution obtained (Fig. 35) is an important result of the investiga
tions in itself. The zones of continuously increasing velocity (gradient) in the 0-3 km 
and 30 km depth are confirmed by other data too. The inversion (Fig. 37) is rather 
doubtful, especially its depth-range. Its bottom, from the Vsetaty shotpoint, can he 
calculated as 16-17 km. The material at hand, however is insufficient as yet to 
identify this horizon with any of the intracrustal horizons (perhaps with Cj).

Conclusions

The crystalline basement lies, under the Altengönna shotpoint, in 100 m depth; 
under the Eineborn shotpoint, in 320 m. Proceding southeastwards the basement 
slowly rises into near-surface position, to stay there all along the German section 
of the profile.

The depth of the first reflecting boundary under the basement undulates between 
6 and 9 km. The second reflecting boundary is 11-12 km deep in the SW part of the 
Turingian basin, and sinks to 13 km northwestwards. The third boundary lies in 19- 
20 km depth, 60-70 km from the Czechoslovakian frontier, elsewhere it is 21-22 km 
deep.

The Moho horizon (Fig. 73) is 32 km deep at the frontier, but soon it rises to 30 km 
in either direction. In the vicinity of Jena, its depth is 31 km, then rises to 28 km 
to sink again to 30 km in the Turingian basin.

As a matter of fact, the material at disposal fails to give account about all possible 
intracrustal horizons. In the SE flank of the Turingian basin, however, there is a 
narrow zone which is characteristic of the area. There is the best identified M horizon, 
confirmed kinematically and dynamically equally. The reflecting elements show 
relatively slight undulation, hence there is no evidence for deep faults.

Horizon G, is interpreted as the Conrad proper.
Horizon Cj is uncertain enough, it may coincide with the bottom of the inversion.
Horizon C0, geologically interpreted, is the surface of the folded, granitic-grano- 

dioritic, gneissic ancient basement (as a matter of fact: of the second basement, for 
the first one is exposed almost to the daylight e.g. at Eineborn; the Editor’s note).

*

The DSS data of the GDR section of IP VI are insufficient to cut the crust up 
into vertically delimited blocks. With regards to the fact, however, that along this 
section also magnetic and gravitational, here and there also magnetotelluric and 
geothermal measurements have been made, the seismic data have contributed 
considerably to an integrate study of the tectonic pattern along the profile.
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24 CZ ECHOSLOVAK IA

В. BERÁFTEK*-A. DUDEK**-M. FEIFA R *-A . HRDLICKA * - 
M. SU K**-M ILADA ZOUNKOVÁ*-J. WEISS*

Introduction

Czechoslovakia is traversed by three DSS IP-s: the V, VI and VII (Figs. 1 and 38).
IP-s V and VI are finished. In IP VII the measurements are going on. In the 

border zones the project has been carried out in cooperation with German, resp. 
Hungarian, resp. Polish geophysicists.

The first analysis of crustal structure in Czechoslovakia was offered by Z átopek  
(1948), who delineated mobile belts in the Bohemian massif, utilizing the data of 
Eastern-Alpine earthquakes (Fig. 38). This analysis suggested a block-like structure 
o f the different units. Zátopek {op. cit.) has shown that the energy from Alpine 
epicentres travels along a refractor of first order, in a depth of about 40 km, and he 
assumed that the mobile zones are connected to deep faults of mostly steep dip.

The DkSS project started in Czechoslovakia in 1962-63, by the activity of the 
Institute of Applied Geophysics, Brno. The aim of the first experiments was to 
establish the methodology and instrumentation to generate seismic waves and observe 
them in a SP distance of 200 km.

Geology

IP V is an especially valuable profile, as to its course, for it starts in Poland on the 
East-European platform, and having traversed Caledonian and Hercvnian remnants, 
it runs across the Carpathians to terminate in the Carpathian basin, in Hungary. 
In Czechoslovakian territory the main units traversed by the profile are: the Outer 
Carpathians (the Magúra Flysch), the cliff-belt of the Inner Carpathians, and the 
Central Range between the Western and Eastern Carpathians, namely the Inner 
Carpathian Paleogene zone, the Nort-Gemeride synclinorium, the Spisská-Gemerská 
Ore Mountains and the Slovakian Carst.

IP VI is likewise one of the most interesting profiles of the Carpatho-Balkan region. 
Starting in the Turingian basin (GDR), in Czechoslovakian territory it traverses 
the Bohemian massif, the Carpathian foredeep, the Carpathian folded belt (Outer 
Carpathians), the Inner Carpathians and it terminates in the Carpathian basin, 
in Hungary. This profile was designed to clarify the deep structure and contact 
zone of the epi-Hercynian platform block of the Bohemian massif, and of the young, 
not completely stabilized, Carpathians. The Carpathians are traversed by this profile 
at the Vienna basin which separates the Alps and the Carpathians.

The SW-NE oriented IP VII traverses the Bohemian massif and terminates 
in Poland on the East-European platform. It is not finished for the time being.

* Inst. Appl. Geoph., Brno
** Centr. Geol. Inst., Prague
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Methodology

The field measurements started actually in 1964 with two specially equipped 
Soviet made instruments: SS-30/60 CRM. Until 1967 a filtering of 8-17 cps pass 
(14 cps peak) was used. In 1967 the peak frequency was reduced to 9 cps. In the first 
period SPEN-1 seismometers of 10 cps natural frequency, later NS-3 seismometers 
of about 4 cps frequency peak have been used. Groups of 4 seismometers were 
connected to each channel, with a centre spacing of 100-200 m. A parallel recording 
of two gain grades being the practice, actually 30 channels were recorded.

The time-break was broadcasted; besides this the time signals of the Radio 
Prague and other Broadcasting Stations were recorded on the seismograms.

A pattern shooting of 40-50 m deep holes with maximum charges of 100 kg was 
empirically decided upon as well as the 15-20 m hole spacing. Until 1968 TNT was 
used, from 1969 on black gun powder has been applied. The maximum total charges 
were 1200 kg in the Carpathi
ans, and 800 kg in the Bohe
mian massif.

The length of the Chechoslo
vakian section of IP V is about 
250 km, its zero point being 
in Czechoslovakian territory.
Two shotpoints (164,4 and 
74,6) fell on Polish, two 
(—106,65 and -169,1) on Hun
garian and one (-36,1) on 
Czechoslovakian territories.

The quality of the records 
is rather heterogeneous, de
pending on the instruments,
SP distances, terrain, etc. The 
Czechoslovakian section is not 
continuous because of the 
rough terrain and the short 
time afforded for the measu
rement (6 weeks altogether).

The recording system on IP 
VI was designed for a conti
nuous tracing of the Moho with 
reflected waves before and 
beyond the critical distance.
The intense reflected wave of 
8,2 km/s velocity observed, 
has been regarded as a Moho 
arrival.

Special measurements to 
study microtremor, were car
ried out in 13 points, by the 
Institute of Applied Geophy
sics and the Geophysical Ins
titute of the Czechoslovakian

\

Г 1

* (

N \

\
г
L À _____

\
\ \

\

\

_
U

\
l

\

V _

-------- 1------ -------- !------1---- — Г  1 1 T“
----------,---------

10 20
Fig. 39 The frequency spectrum o f microtremor in the 
Bohemian massif (A), and in the Carpathian region (B)

89



Academy of Sciences. The set-up consisted of a POB-12 M recorder with a Kipp 
and Zonen loop, and of a Soviet made VEGIK seismometer. It worked in the 2-68 
cps and 1-120 ops frequency band (Tobyás et ah, 1968).

The main task of this side-project was to determine the diurnal variation of the 
spectrum of ambient noise. At two locations DSS shootings were recorded in order 
to determine the frequency spectrum of deep waves. Eig. 39 shows two curves from 
the Bohemian massif (A ; at point 202 km), resp. from the Carpathians (B; at 380 km). 
Noise amplitude decreases with increasing frequency, and the ambient noise in the 
Carpathians is considerably higher than in the Bohemian massif.

Wave characteristics

The Carpathian records are much more disturbed than those of the Bohemian 
massif. The reason of it is that the sedimentary thickness in the Carpathians is 
rather variable. The thickest sedimentary complex can be found in the Vienna basin. 
(In the Ukrainian chapter the authors demonstrated that the disturbance on a 
record is independent of the sedimentary thickness, in fact, even of the presence of 
sediments. The reader is reminded of the experiments carried out on the naked 
crystallines of the Ukrainian shield. The Ukrainian results seem to be very convincing. 
As a matter of fact, however, also the Ukrainian authors attribute the twisted phase 
axes, sometimes, to the sedimentary cover; the Editor’s note.)

All in all, the following main wave groups can be distinguished.
1) Wave groups from interfaces of the sedimentary complex (Ps). Such ones 

were mainly observed in the Carpathian region.
2) Wave groups from the basement and intracrustal horizons (Pc).
3) Wave groups from the Moho (P^fl and PM).

1) The DSS coverage is too loose in IP VI to study the waves from the sedimentary 
complex. Still, in the Carpathian region they are rather well-known from the CH 
exploration work. The apparent velocity of P waves in first arrival is about 2,5-4,0 
km/s. In the deepest parts of the Vienna basin they can be traced up to a distance 
of about 25 km. Mainly immersion and head waves have been observed in first 
arrivals, the reflections being recorded as later events.

The waves of this type have been observed, along IP VI in the Bohemian massif, 
between points 30-80 (Kladno-Rakovnik basin). They arrived as first breaks along 
a few kilometers only. The sedimentary thickness here does not exceed 1 km.

2) Wave groups from the basement (Р£) came as first arrivals on a relatively great 
distance. This distance was e.g. in the Bohemian massif 120-130 km. The apparent 
velocity of these waves varied between 5,9-6,4 km/s. The velocity branches are 
somewhat curved suggesting a velocity gradient beneath the basement top.

In the Carpathian region where the sedimentary complex is thick, basement first 
arrivals could be traced from 15-28 km to 70-90 km SP distances. The first arrivals 
are disturbed. After an appropriate correction, substituting the sedimentary complex 
with a “ layer”  of 5,8 km/s average velocity, the velocity branch has got straightened.

p o waves are composed of several phases, which slightly attenuate. These waves, 
in a short SP disance, are followed apparently by reflections grading, with increasing 
distance, into refraction first arrivals. With increasing time this wave group extends ; 
the extension is caused probably by intra-granite and intra-gabbro interfaces.
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Neither their nature nor their character could be exactly determined on account of 
the loose coverage.

From the horizon Conrad of 6,8-7,2 kra/s velocity no refraction arrivals have been 
obtained in IP-s V and VI. On the other hand, in IP VI, numerous reflections have 
been recorded from intracrustal horizons. The mere existence of the Conrad, along 
this profile, could be proved through velocity analysis only, as discussed later.

3) The waves of the Moho discontinuity could be marked mainly by amplitude- 
characteristics. In IP VI reflected waves from the Moho could be traced reliably 
on a distance of 70-90 km if recorded in the Bohemian massif, and on a distance 
o f 50-60 km if recorded in the Carpathian region. The amplitude characteristics 
of the waves reflected from the Moho are more expressive beyond the critical distance 
than those of the refractions from the same boundary. Phase-correlation of reflected 
waves is only locally possible, in general, in sections not longer than 20-40 km. Their 
continuous tracing is possible with group-correlation only.

The form of PfJfl waves is variable. Pulses of increased amplitude frequently occur. 
Every pulse (group) consists of several phases of different number. There are sections 
where the Pjjfl wave is attenuated. This can be ascribed either to the interference 
with other wave-types (converted waves, multiples), or to the tectonic conditions, 
e.g. to the presence of faults.

In IP V P*£f| waves appeared in 70-150 SP distances at and beyond the critical 
point. They are composed of two wave groups. These waves have formed a contin
uous time distance curve system in the southern section of the profile only.

In IP VI M refraction in first arrival has been observed in the area of the Bohemian 
massif, in 150-160 km SP distances. The boundary velocities could be determined 
and M reflections could likewise be reliably identified. The PM first arrivals came 
sooner in the Carpathian region (120-130 km) than in the Bohemian massif.

In IP V M head waves have been observed in a few sections only.

Velocity pattern and interpretation

In order to distinguish the main wave types a mean velocity-depth function was 
necessary. The time distance curves of immersion waves yielded the velocities with 
the Kondratev method, and those of reflected waves with the Yeghorkin method 
(Figs. 40, 41). The real velocities were determined from the immersion waves with 
the Wiechert-Herglotz formula.

A statistical analysis of velocity diagrams indicates a better correlation in the 
Bohemian massif than in the Carpathian region, which means a higher reliability in 
the former area. The scattering in the Carpathian region is caused by sudden thickness 
variations in the sedimentary complex, although certain areas permitted exact 
functions: e.g. the Danube Plain and the Vienna basin (Beránek  et al., 1969; 
B erán ek , 1969).

The velocities in the Bohemian massif have been calculated practically down 
to 15 km only. Similarly, the real velocities are known only down to 10-12 km. 
The analysis has suggested, from 15 km down, a velocity inversion. Its real velocity 
and lower boundary are unknown so far, but its existence is beyond doubt as shown 
by Pq immersion waves of 6,2 km/s apparent velocity as far as to 130 km SP distance.

From the mean velocities interval velocities have been calculated for certain depth 
intervals.

In the Bohemian massif area the real velocities increase from the near-surface 5,6

91



Fig. 40 Velocity-depth function and interval 
velocities in the Bohemian massif 

1 m e a n  v e lo c it ie s  f r o m  f i r s t  a r r iv a ls  ( Kondratev m e t h o d ) ;  
2  m e a n  v e lo c it i e s  f r o m  r e f le c t io n s

к m/sec



2  3  4  5  6  ?  G

Fig. 41 Velocity-depth function in the Carpathian 
region

1 mean velocities from first arrivals ( K ondratev  method); 
2 mean velocities from reflections

Km/sec
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km/s to G,25 km/s altogether in the depth interval covered; between 15 and 18 km 
an inversion of probably 6,0 km/s occurs; to the depth of 25 km a 6,6 km/s velocity 
follows, and a 7,2 km/s velocity appears somewhat deeper. The boundary in 25 km 
can be identified as the Conrad discontinuity (Fig. 40).

It is worth mentioning that crustal models, based upon theoretical time-distance 
and amplitude curves o f  the main wave types, earlier suggested (Beeánek  et ah, 
1969; B eeanek , 1969) were used in identifying the wave groups in some o f  the 
present records.

The isolines of mean velocities in IP V are shown in Fig. 42. The values are scat
tered in the Carpathians. The Vienna basin and the Danube Plain reveal consid
erable variations. In the Krusné Ногу area large velocity gradient can be observed.

The velocity pattern can be demonstrated with time section too, in the function 
of SP distance (Fig. 43). The Bohemian massif is apparently homogeneous enough 
from this point of view. In the Carpathian area, mainly in the Vienna basin, the 
thick sediments of low velocity exert an increasing effect on the time values.

The mean velocity, as calculated from P^fl wave in IP V is 6,1-6,3 km/s. In the 
Hungarian border area the lower value, in the thick crusted Outer Carpathians the 
6,2 km/s value has been used in section construction.

It must be mentioned right here that in the Geophysical Institute of the University 
of Prague a series of computer programs for all kinds of waves and media have been 
written ( Ö e e v e n y - N o v o t n y ,  1967). These have been utilized in the interpretation 
of the material presented.

The actual construction of the discontinuities has been made both numerically 
and graphically. The first involved the solution of the indirect problem, the second 
was a simple wave front procedure utilizing a raypath nomogram based on the veloc
ity models. Sometimes, however, the trajectory method was applied, taking the 
velocities from the mean velocity depth function.

The different approaches have given essentially identical results. These, conse
quently, can be regarded as reliable ones. The M horizon, from different time-distance 
curves, is scattered. Being no way to construct several M horizons in lack of complete 
information, these M sections have been averaged and thus a single, continuous 
Moho emerged, being obviously an idealized model of the actual situation. Figs. 
72 and 73 represent the present views, but a complementary interpretation, a better 
display with more attention towards deep faults too, is considered anyway.

Conclusions

Starting with IP VI (Fig. 73) the average crustal thickness in the Bohemian 
massif section is 34 km, while in the Carpathian area it is 28-30 km. The M horizon 
rises in the nearness of the Doupov stratovolcano (point 30) and at the eastern margin 
of the Moldanubicum (point 290). Under the Krusné Ногу it subsides. A well defined 
Moho depression is at the western margin of the Moldanubicum and in the area of the 
Central Bohemian pluton. The crustal thickness is the largest here: 38 km. In the 
sections 30-120 and 260-300 the profile section is mainly interpolated. Consequently 
faults, in principle, can exist here.

In the Vienna basin the sedimentary thickness is 10-12 km, the total average 
crustal thickness is 34-35 km. The margin of the depression is faulted. These faults 
(sutures) separate the Outer and Inner Carpathians. In the interior of the Carpathian 
basin the crustal thickness decreases to 28 km still in Slovakian territory.
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Some deep faults can be figured out by correlation gaps, diffractions, sudden 
-decay of waves PM and Р^{1, sudden dip variations and abrupt velocity changes 
along the Moho.

These faults may be guessed in the Doupov area, between the Central Bohemian 
pluton and the Moldanubicum, and in the latter, between points 230-240.

The faults of the interior of the basin are not well expressed, but the reader is 
reminded that the interpretation is a preliminary one as yet only. The final inter
pretation will presumably be helped by the results of IP VII.

Some of the fault zones mentioned coincide with the mobile belts of Zátopek 
{op. cit., Pig. 38).

The DSS results of IP VI have been correlated with the gravity pattern of the 
area. The large negative anomalies coincide with crustal thickenings in the Bohemian 
massif, in the Krusné Ногу area, in the vicinity of Benesov, and in the Vienna basin.

The gravitational gradient increases wherever the DSS has suggested faults, e.g. 
in the Central massif and between points 340-350.

The positive anomalies are mostly correlating with the thinning of the crust, as 
e.g. between points 250-320, in the area of the Little Carpathians, over the Trebic 
and Povázsky Mts., resp. over their buried ridges in the floor of the Vienna basin, 
separating the Alps and the Carpathians.

The positive gravity values near the Hungarian border correspond to the thinning 
-of the crust to 28 km.

The geological section of IP VI is the following. The sedimentary complex in the 
Bohemian massif consists of Tertiary and Permo-Carboniferous; in the Carpathian 
area : mainly of Neogene. (Considerable Paleogene should be taken into consideration ; 
the Editor’s note.) Under the sedimentary sequence, in both areas, folded Lower 
Paleozoic and folded, metamorphic Precambrian series follow, underlain apparently 
by granitoides, which crop out here and there in plutons. The granitoides, sinking 
gradually, grade into the crustal granite layer, as shown in Fig. 73. The gabbro 
layer is also represented. Their boundaries have been determined mainly from seismic 
data, locally, however, from gravitational considerations. The crustal bottom has 
been determined with seismic measurements.

The NW part of IP VI traverses the Krusné Ногу Mts. This is the very place 
where granitoide blocks crop out (Karlovy Vary pluton) or lie in a depth of 1000 m 
at most, under crystalline schists.

Beyond the guessed fault, bordering the Krusné Ногу Mts., tire crystalline complex 
considerably thickens, with a simultaneous thinning of the sedimentary cover.

In the Doupov area, the profile crosses an important tectonic boundary, as shown 
by the anomalous behaviour of the reflected first arrivals. It shows up as a gradient 
increase in the Bouguer anomaly map. This is one of the most significant faults 
•of the Bohemian massif, reaching down to the gabbro layer, and perhaps even into 
the mantle.

There are indications that this fault served as ascension channel for basic products 
of Proterozoic, Permo-Carboniferous and Tertiary volcanites. Here the gabbro 
layer must be thinning for having left this section behind the M horizon rises to 
29-30 km elevation.

The main faulted zone is, in fact, somewhat more to the northwest, coinciding, 
in the whole, with the Bohemian Central range and the Doupov stratovolcano. 
This location of the main faulted zone corresponds to the anomalous gravity pattern. 
The M and C horizons apparently bend here, for the seismic information gives no 
foundation for a mantle deep fault.
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To the SE from this zone the M horizon, along a distance of 150 km, gradually 
sinks to a depth of 38 km. The Conrad is rather disturbed, intricate. The relation 
of the M and C boundaries is intensely varying along the profile, anyway.

The crystalline thickness decreases, the granitoides approach the surface and crop 
out again in the Cistec-Jesenik massif with a simultaneous subsidence of the gabbro 
layer.

The intricate Barrandian zone is characterized by another thickening (5 km) 
of the crystallines and sediments.

Towards the Central Bohemian pluton, belonging to an extensive suture, the 
granite layer rises until the Blanik graben, undulating. This suture is characte
rized also by an older basic magmatism (the volcanites of the Jihlava zone and the 
outcropping metamorphites of the Central Bohemian pluton). Consequently, here a 
considerable thickening and rising of the gabbro layer can be expected.

Between the Blanik graben and the Central Bohemian pluton the metamorphic 
complex of the Moldanubicum exceeds 10 km in thickness with a simultaneous 
subsidence of the M horizon to 38-39 km. Weh marked negative gravity anomalies 
indicate an appreciable thickening of the granite in the Öeskomoravská vysocina 
(Bohemian-Moravian Highlands).

The next suture is in the nearness of the eastern boundary of the Central Bohemian 
pluton. The reflecting elements abruptly end or disappear here. The M horizon 
gradually rises to 32 km at the eastern margin of the Moldanubicum and in the Car
pathian foredeep. A positive gravity anomaly suggests a gentle rise in the Conrad 
surface corresponding to the behaviour of a 20 km deep reflector.

To the east from here the topmost crust consists of crystalline schists of 10 km 
thickness to as far as the Boskovice depression, with a thinning tendency towards 
the depression. Beyond the depression the granitoides crop out along an overthrust 
plane to form the Brno massif.

Proceeding southeastwards these granitoides plunge under the foredeep and 
outer Plyseh belt of the Carpathians, further, under the Vienna basin.

Erom the eastern margin ot the Moldanubicum the M horizon gradually sinks 
towards point 350. The Vienna basin, according to the seismic data, is bordered 
by faults on either side. The southeastern one is the Peripienninian lineament, men
tioned in the foregoing chapters. The M horizon rises here as much as 8-10 km. 
In the central part of the Vienna basin the M horizon lies in a depth of 35 km. It can 
be assumed that the Conrad is likewise subsided to 25 km.

Under the Vienna basin the crystalline basement is very deep. The total thickness 
of the Upper Cretaceous-Paleogene and Neogene sediments is aborit 10 km as 
shown by seismic exploration and suggested by deep drillings as well.

Along the Inner Carpathian contact the Moho and Conrad suddenly rise to 28, 
resp. to 17 km. The reflection arrivals suggest faulted zones, but the interpretation 
is difficult because of the Tertiary cover of the Carpathian basin attaining 5 km 
in thickness. According to deep drillings the basin floor consists of Carpathian Meso
zoic complexes and ancient crystallines. The basin floor rises towards the Tfebic 
and Povázsky Inovec Mts.

This section is of anomalous character. An exact interpretation is rather difficult, 
but it seems to be probable that the Bohemian massif forms a buried ridge in the 
basin floor, almost parallel with the profile, separating the Eastern Alps and 
Western Carpathians as protruding into the Carpathian basin (Transdanubia).

In IP V (Eig. 72) the crustal thickness, in the nearness of the Hungarian border 
is about 29 km, northwards increasing. The Moho is represented by two parallel
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wave groups. For the time being physically it is difficult to account for them, i.e. 
for the two boundaries corresponding to them. In the northern part of the profile, 
but still in Czechoslovakian territory, no information has been obtained from the 
M horizon. From the time distance curve of SP 77,6 the first M horizon has been 
determined under the Outer Carpathians with a northwards deepening tendency. 
The second M horizon is in a depth of about 50 km. The maximum crustal thickness 
coincides with the negative gravity anomaly range along the Carpathians.

The data obtained have been compared with the Soviet data along IP III. In the 
Outer Carpathian arc the thickness values agree well, for in IP III the M horizon 
is in a depth of about 55 km under the profile. Between the Outer Carpathians 
and the inner depression (Carpathian basin) a deep fault has been demonstrated 
with a throw of 15-20 km. A corresponding fault, in IP V, could not be ascertained 
so far, for between the inner cliff belt and the Spisská-Gemerská Ore Mountains, 
no Moho arrivals were obtained. As a matter of fact, however, the M horizon is in a 
depth of 30 km under the latter unit and it is in a depth of 48-50 km to the north 
from the cliff belt. Thus, it is most probable that the deep fault (Peripienninian 
lineament) separating the Outer and Inner Carpathians (or better said: separating 
the Carpathians and the Carpathian basin; the Editor’s note) must, and does exist 
in the cliff belt area, in IP V too.

The conclusions enumerated are preliminary ones and, accordingly, sketchy 
enough. A further work and a more thorough interpretation are, by all means, 
necessary.

<
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25 YUGOSLAVIA
D. PROSEN*-B. MILO V A X  О VIC *-M. ROKSAXDIC*

Introduction

The first concepts about the Yugoslavian crustal structure were based on gravita
tional considerations ( R o k s a n d i c , 1961) which have determined the crustal thick
ness at some Outer Dinarian sites. In the next steps the depth of the M horizon 
was traced along a profile Tessitore (Italy)— Mt. Sátor—Motajica. The deepest 
Moho was found in the vicinity of the Mt. Sátor with a rather rapid rising ten
dency northeastwards ( R o k s a n d i c , 1966).

The DSS project started in Yugoslavia in 1964 initiated by the CBA. The first 
profile has been located in a NNE-SSW direction across the entire country (from 
the Adriatic sea [near Dubrovnik] to the Hungarian border) with an aspect of 
connecting it into the international network as the Yugoslavian section of IP III 
(Big. 1).

The first experiments in 1964 aimed at the appropriate explosion technology, field 
arrangement, recording, time-break broadcast, and a general idea about the wave- 
field to be encountered.

In 1966 a NP was decided upon traversing the Dinarides to the northwest from 
IP III. The direction of the NP is almost identical with that of IP III : it starts from 
the Adriatic sea passing by Palagruza island-Susac island-Korcula island-Hvar 
island-Brae island -Derventa, in a northeastern direction. The measurements in 1966 
were made from a single SP only, in 1970, however, a more detailed observation 
system finished the profile.

This chapter is based on the field work, interpretation and publications of the 
researchers of the Company for Geological and Geophysical Exploration, Belgrade 
( D r a g a s e v i c , 1965; D r a g a s e v i c , 1967-68; D r a g a s e v i c - A n d r i c , 1968; D r a g a -  
Se v i c , 1969 ; A n d r i ő , 1970), to which Company a thank is extended for the material 
and the assistance offered.

Geology

The Dinarides can be divided into two main belts : the Inner Dinarides of eugeosyn- 
cline character, and the Outer Dinarides of miogeosyncline character. Their contact 
is represented by an extensive series of ultrabasites. The regional tectonic dif
ference between the two belts have developed mainly from the LTpper Liassic on.

The Paleozoic, as mapped in the cores of several anticlinoria, consists o f beds 
of various facies, stratigraphicallv ranging from the Devonian to the Upper Permian. 
As a matter of course, a great deal of the structural details are unclarified or contra
dictorily interpreted as yet, still it is worth mentioning that the Caledonian and 
Hercynian movements are thought, by some authors, to have been of slight intensity 
in the area.

The Triassic facies are mostly similar in the Outer, resp. in the Inner Dinarides, re
presenting clastic Flysch complexes, except the middle Triassic of predominating

* The University o f Belgrade
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carbonate faciès ( K o m a t i n a , 1964). The Anisian stage shows Flysch marks at some 
coastal sites and in Western-Slovenia only, genetically connected to the Montenegro 
orogenic phase (M i l o v a x o v i c , I960).

The same phase-series contributed to the characteristic ultrabasic volcanism, 
similar to that mentioned (Croie, 1960-63).

The difference between the structure of the Outer and Inner Dinarides—as men
tioned—came into being in the Upper Liassic. For as long as until the Malm the Inner 
range underwent orogenic and magmatic activity while the same period in the Outer 
range was characterized by a quiet geological history (see: bauxite deposits), which 
continued, until the Upper Cretaceous.

The Flysch formation in the Outer range started, actually, on the Cretaceous- 
Eocene boundary and went on in the Tertiary, while, in the Inner range, it stopped 
in the Upper Cretaceous.

Molasse beds of unidentified age are numerous in the Outer range. The Eocene 
o f the Inner range is marine (in the border zone with the basin) ; from the Oligocène 
to the Pliocene some lacustrine sediments settled in a basically carsteous environ
ment.

The structure o f the Dinarides is partly characterized by anticlines overthrusted 
along reverse faults upon the adjoining synclines, mainly with a vergence of SW 
direction. The overthrusts, sometimes developed into real Nappes but, in general, 
the main tectonic feature of the Dinarides is plicative. (It was mentioned in Chapter 1 
that the structure of the Dinarides is a matter of disputes. Some authors deny the 
Nappes and render a greater significance to faults. For details the reader is referred 
to the literature cited; the Editor’s note.)

In the Yugoslavian part of the Pannonian (Carpathian) basin relatively quiet 
Paleozoic and Mesozoic sedimentary sequences, together with crystallines, build up 
the basin-floor. The thick basin fill is mainly Neogene and younger, tectonically 
hardly affected. In the sedimentary complex gentle brachi-anticlines occur. (It is 
worth mentioning that the sediments of the basin floor are faciologically and tecton
ically different from the basin fill. There is nevertheless, connection between them : 
the faulted blocks of the basin floor caused or made bended form-elements in the 
overlying Neogene sequences. The Hungarian literature denotes the gentle anticlines 
and synclines settled over the relief of the basin floor, or brought about by the 
vertical oscillations of the crustal blocks, as •pseudo-anticlines, resp. pseudo-synclines ; 
the Editor’s note.)

Methodology

The field work was carried out with a 24 channel Texas 7000 В type instrument, 
with S-36 type seismometers of 2 cps and with M-200 type seismometers of 7 cps 
natural frequency. The former type proved to be more sensitive; especially if re
cording in large SP distances. An Explorer type instrument was tried as early as in the 
first experiments (in 1964), but its application was soon stopped because of its 
worse signal-to-noise ratio (P k o s e n - D k a g a s e v i c , 1965).

The shot-instant was broadcasted with an UHF transmitter. In the joint measure
ments with the Hungarian partner the Radio Budapest I signal was utilized, thus 
predetermining, inconveniently enough, the recording time.

The recording started in 1968 (Fig. 44). In IP III continuous in-line profiling 
with correlating mutual reverse branches was appl ied. In the national profile the 
single branch system has been accepted as satisfactory.
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The geophone spacing was, in general, 150 m. The charge weight varied between 
100 and 1400 kg depending on SP distance. The underwater explosions in the offshore 
project, were set off in a depth of 50-100 m. On land, shootings were made in drilled 
holes of 25-40 m depth. When shooting in pattern, hole spacing was selected arbit
rarily between 25 and 35 m. A single charge usually did not exceed 100 kg.

Wave characteristics

The waves recorded can be divided into the following categories : arrivals from the 
sedimentary complex (Ps), arrivals from the basement (Pq)> intracrustal arrivals 
(Pi 2) and arrivals from the horizon M (PM).

In the southwestern part of the Outer Dinarides Ps waves were recorded in first 
arrivals in both profiles. They relatively rapidly attenuated with distance and in 
a SP distance of 70 km they died away completely. Their apparent velocities changed 
between 5,5 and 7,5 km/s, due to thick limestone and dolomite sequences. (The 
apparent velocity may be misleading, especially in case of single-branch recording

icgA

Fig. 45 Wave-amplitude attenuation with- distance
a) basement arrivals; b) M’oho arrivals
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for, as it is well known, it depends 
on the dip of the refracting boun
dary. Anyway, it is not signifi
cant in itself for even the dip, 
let alone petrological composi
tion; the Editor’s note.)

Pq head waves from the base
ment could be observed at large 
SP distances. They consist of two 
or three phases and they can be 
correlated well. Figure 45 shows 
the amplitude-graphs of P„ and 
PM waves from the Hungarian 
border area of IP III, testi
fying a more rapid attenuation 
of the former wave type.

PÍ wave from the Conrad 
appears in some sections of the 
Dinarides and the Pannonian 
(Carpathian) basin only. This is, 
by all means, an immersion wave.

From the Moho horizon usually 
refractions arrive. The boundary 
velocity of this horizon is 8,0 km/s 
in the Hungarian border area, 
and it is 8,1 km/s in the Dina- 
rides.

PM waves can be traced up to 
a SP distance of 70-120 km at 
most. As mentioned, their am
plitude-attenuation is relatively 
slight. They are mostly three 
phased, sometimes, however, with 
an uneven energy distribution 
among the phases.

In sections of discontinuous 
recordings (e.g. in mountaineous 

areas) a special spectrum-analysis of several types of waves yielded a rather 
exact distinction of the waves, and a well interpolated correlation (Fig. 46).

The dominant frequency of Pq waves in the Dinarides is 7 cps, and that of PM 
waves is about 6 cps. In the Hungarian border area the dominant frequency of 
PS waves is 10 cps, and that of PM waves is about 7 cps, i.e. higher than in the 
Dinarides (Fig. 46 a, b).

In some sections of IP III, through wave-analysis, faults and deep faults could 
be verified. Fig. 47 shows a record from the Han Pijesak area, revealing a fault in the 
basement. This fault is in connection with the ultrabasite (peridotite) belt of the 
Dinarides stretching northwestwards from Zlatibor.

Fig. 46 Amplitude spectra o f different crustal 
waves

a) in the Dinarides; b) in the Pannonian (Carpathian) basin
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Velocity pattern 
and interpretation

For a correct interpretation 
o f the measured data, laboratory 
velocity and density determina
tions ( D e a g a s e v i c , 1965) acous
tic well-logging, and velocity cal
culations from the time-distance 
curves were preliminarily carried 
out. The laboratory velocity ana
lysis has shown that the Meso
zoic maximum velocities are high
er (5,8-6,1 km/s) than those of 
Paleozoic rocks (5,2 km/s) includ
ing the Lower Triassic.

The boundary-velocities of the 
different intracrustal horizons 
are laterally not persistent, as 
a rule. For instance, in IP III, 
from the Hungarian border to 
the Mt. Fruska Gora the boun
dary velocity of the basement is
6.0 km/s. Proceeding southeast- 
wards it increases to 6,2-6,4 km/s 
to attain, in the Dinarides, a 
value of 6,5-6,6 km/s. Neither is the Conrad uniform in this respect: in the Hunga
rian border area its boundary velocity is 6,8 km/s, while under the Dinarides it is
7.0 km/s.

The same phenomenon occurs along the Moho: in the Hungarian border area its 
boundary velocity is 8,0 km/s, under the Dinarides it increases to 8,1 km/s. (The 
regularity and similar tendency of the velocity pattern just described justify these 
statements ; otherwise 100 m/s velocity difference is rather within the error limits of 
velocity determination, the Editor’s note.)

When constructing the profile section (Fig. 71) the time-distance curves were 
plotted after the usual time correction. The construction of the seismic horizons 
was first made with the t0 method checked up and corrected afterwards with the 
wave front method. With regards to the complicated structure of the Dinarides 
and surroundings, another check up was applied through solving the direct problem, 
i.e. the computed arrival times were compared with the observed ones, and the 
slight differences have been eliminated by a graphical iterative procedure.

Conclusions

Fig. 71 demonstrates that the basement (C0) rather undulates along IP III. It is 
deepest (10 km) in the SW, under the Outlier Dinarides, and gradually, though 
undulating, rises northeastwards with a natural enough, simultaneous, thinning 
of the sedimentary cover. The latter is thinnest in the vicinity of Zvornik, Loznica 
and the Mt. Fruska Gora.
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The Conrad discontinuity (C\) could be traced discontinuously only. Anyway, its 
depth varies between 1G and 19 km.

The Moho discontinuity (M) is deepest in the Outer Dinarides, in the vicinity of 
Bileca, where its depth is 45 km. From here, in a NE direction, the Moho rather 
rapidly rises to as far as Gorazde, then the rise will be slower until Han Pijesak to 
attain 24 km depth there. The least depth (22 km) has been observed in the vicinity 
of Loznica. In the direction of the Mt. Fruska Gora the Moho is sinking again.

In the Yugoslavian section of IP III several deep faults have been verified. The 
principal ones can be found in the vicinity of Gorazde, Han Pijesak, Bogatici and 
on both sides of the Mt. Fruska Gora.

E E 5 1 E E b Q Z b Г - - B  K M ?

Fig. 48 Profile section o f the Yugoslavian NP Palagruza-Derventa 
1 basement; 2 the Moho; 3 known and DSS determined faults; 4 sedimentary complex; 5 the granitic zone;

6 the gabbroic zone

The profile section of NP Palagruza-Derventa is shown in Fig. 48. The thickest 
crust, 52 km, can be found under the Outer Dinarides in this profile too, namely 
in the vicinity of Livno. To the SW and NE from here the Moho rises again. In the 
Adriatic sea, near to Korcula island, its depth is 36 km (SW), and farther to the 
north, in the vicinity of Kotor Varos it is 30-32 km (NE).

The sedimentary thickness along the profile is varying. The thickest sedimentary 
complex (16-17 km) has been observed in the surroundings of Livno.

It has been pointed out that IP III traverses, in Yugoslavian territory, two 
different tectonic units: the Dinarides and the Pannonian (Carpathian) basin. 
Their boundary had been earlier delineated with a NW-SE striking line running 
near Loznica. Taking, however the DSS results, mainly the crustal thickness varia
tions, into consideration, further, re-interpreting the gravity pattern with a tectonic 
view, the boundary must have been shifted to the southwest, practically it runs 
across the Zvornik area.

The results of the crustal investigations require a tectonic re-distribution of the 
Balkan peninsula. The Dinarides are usually divided, as mentioned, to Inner and 
Outer Dinarides. In the Inner range the Moho lies in a depth of 23-26 km and sinks 
southwestwards. In the Outer range the crust is considerably thicker : 45-52 km. The 
Quter Dinarides, consequently, have a root. The root belt in the mantle coincides with
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the thickest sedimentary range on the surface, and the known anticlinoria and syncli- 
noria of the sedimentary complex correspond to elevated, resp. subsided zones in the 
basement.

In the Gacko-Foca section the Conrad discontinuity follows the relief of the 
basement.

The data obtained testify for the predominant role of folding in the area investi
gated. The view that the Outer Dinarides are composed of regional Nappes, cannot 
be maintained any more, with regards to the geological and geophysical evidence. 
The rupture-type dislocations and the connected imbricated structures (Nappes) 
or local overthrusts are of secondary character in comparison to the folded structures. 
(The Editor thinks that normal and reverse, rupture type faults, especially in the 
Inner range, are not to be.neglected either; the Editor’s note.)

In the Inner Dinarides two extensive folded structures: the Zlatibor synclinorium 
and the Jelova Gora anticlinorium are traversed by IP III. Their structure, however, 
has not yet been clarified satisfactorily.

A single fault of the Outer Dinarides has been verified with certainty by the 
DSS measurements and another suggested in the contact zone between the Adriatic 
folded range of the Dinarides and their back-area.

In the central Dinarian anticlinorium, between the Outer and the Inner range, 
no reliable fault indication (with a throw) could be found, but both the Conrad and 
the Moho discontinuities reveal here a sudden change in the dip.

In the Inner Dinarides several deep faults have been indicated : between the central 
Dinarian anticlinorium and the Zlatibor synclinorium, another in the vicinity of Han 
Pijesak, and a third in the northeastern flank of the Jelova Gora, The latter separates 
the Dinarides from the Pannonian (Carpathian) basin.

In this section of IP III the crustal thickness varies between 22 and 29 km. The 
Conrad could not be continuously traced. Anyway the gabbro layer thins to 7-8 km 
and even less on approaching the Hungarian border (M i t u c h - P o s g a y , 1967-68).

The profile traverses twro known granite massifs : the Boranja and the Cer massifs, 
both disturbing the gravity field considerably. The gravitational depth determination 
suggests a depth of 8-9 km for the Boranja massif, and 2,5 km for the Cer one ( R o k -  
s a n d t C, 1970).

*

The brief summary of the DSS results in Yugoslavia is the following.
The crustal thickness, along IP III, varies between 22-45 km. The crust is thickest 

under the Outer Dinarides, thinnest under the Pannonian (Carpathian) basin. Thus 
the Outer Dinarides have a root just as well as other mountain-chains, e.g. the 
Outer Carpathians, the Alps, etc.

The gabbro layer is thick (20-25 km) under the Outer Dinarides, and it is thin 
(7-8 km and less) in the Pannonian (Carpathian) basin, where the crust itself is thin 
and the granite layer dominates.

The studied section of the crust is divided into blocks by several faults. Each 
block has its own structural feature.
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26 BULGARI A
К . D A C H E T*-!. PETKO V*-TS. VELCHEV*-E. ANDRONOVA*-S. MIKHAILOV*

Introduction

The investigation of crustal structure in Bulgaria started in 1965 along IP X 
(Makres-Black sea; Fig. 1) of 550 km length. The measurements were combined with 
refraction work in order to obtain informations not only from the Conrad and Moho 
discontinuities but also from the crystalline basement of the Moesian platform.

IP II (Silistra-Tirgoviste) of 100 km length (in Bulgaria) was negotiated in 1968- 
1970, but it is, as yet, unfinished (Fig. 1).

Geology

Both profiles run on the mega-structure of the Moesian platform (Velchev et ah, 
1970). IP X  traverses the Lom depression, the western slope and top of the North- 
Bulgarian elevated belt, the northern part of the Varna depression, and South 
Dobruja. IP II traverses the Tutrakhan depression and the top of the elevated belt 
mentioned.

In this Chapter the results of IP X  will be discussed only, for IP II has not been 
finished as yet.

An outline tectonic setting of the Moesian platform has been introduced in 
Chapter 1. Recent investigations have considerably increased our knowledge about 
this unit, still, several questions are oj>en or disputed. Some consider it as a median 
mass with ancient basement (B ogdanov, 1968; Slavin- K h ain , 1961/63), others 
claim it to be a typical young platform with epi-Hercynian basement (Spassov-  
Y an ev , 1965). Dachev (1968), just on the base of DSS results, stands in favour of an 
early Paleozoic basement, sharing his opinion with M alovitsky  et al. (1970), and 
B onőev (1970).

The sedimentary cover is usually subdivided into three stages: lower (Lower 
Paleozoic), middle (Uppter Carboniferous-Permotriassic) and upper (Jurassic- 
Cretaceous-Tertiary) stages. Their differences lie in the respective degrees o f their 
dislocations and consolidation.

The stages are mainly unconformously lying over each other. Their boundaries 
are usually good seismic horizons.

The lithological character and seismic velocity are in correlation. The carbonate 
facies (Devonian-Lower Carboniferous, Middle Triassic, Malm-Valanginian, Upper 
Cretaceous) are of high seismic velocity: 5,0-6,0 km/sec. The terrigeneous clayey-car
bonate facies (Lower Paleozoic, Upper Carboniferous-Permotriassic, Upper Triassic- 
Jurassic, Tertiary) are of lower velocity: 2,0-4,0 km/sec. The interrelation of the 
thicknesses of the individual formations strongly affects the average velocity of deep 
seismic arrivals.

The main elements of the Moesian platform are the Lom depression and the North- 
Bulgarian elevated belt.

The Lom depression is filled up by thick Paleozoic, Mesozoic and Tertiary forma
tions. Their average total thickness is 8-10 km.

* Geoph. and Geol. Mapping Co; University o f Sofia, Physics Dept.; Geol. Board, Sofia
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The SE part of the platform is occupied by the North-Bulgarian elevated belt. 
On the top of the elevated belt (of the Paleozoic crystallines) the thickness o f the 
sedimentary cover suddenly decreases. The western slope plunges, along a number 
o f large faults, under the Lom depression. In the north it is separated also from the 
Dobrujan elevated belt by faults.

The Varna and Tutrakhan depressions are in connection with the elevated belt. 
The first is an intricate structure filled up by Cretaceous and Tertiary rocks. The 
second is filled up by Jurassic-Cretaceous, overlying a Permotriassic basin-floor.

To determine the crustal thickness, first gravity measurements were carried out 
(D obkev-S h ukin , 1967; P etkoy , 1961). These were followed by seismic measure
ments and the interpretation of the arrivals from the deep structures of the western 
section (D achev, 1968) and of those from the Paleozoic and crystalline basement 
(D achev  et ah, 1970).

Methodology

The measurements were carried out with SS-30/60-58 and PSL 60 type equipments 
adjusted to refraction work. Filters used had a band-pass characteristics centered 
around 12-13 cps peak frequency. NS-3 type Soviet-made geophones of 3-4 cps 
natural frequency, and UNS-6 type Hungarian-made geophones of 7 cps natural 
frequency were used, in groups of 4-5, with a group centre spacing of 50, resp. 
100 m.

The refraction field arrangement was planned to trace continuously the crystalline 
basement, with a shot-point spacing o f 6,5-12 km (the time-distance curves of waves 
from the crystalline basement have been spaced in Fig. 52 for a better display). 
The length of the time-distance curve is 30-45 km, sometimes 45-52 km.

The deep crustal horizons were observed with the same equipments from 80-140 
km distances. The shotpoints, because of energy circumstances, were unevenly 
located (W -76; -74,1; -24,1; 0,4; 101,5; 130; 207,35 -  E).

Some other experimental shootings were also made from grater distances, without 
success, however, because of unfavourable energy conditions.

The profile runs over 5-800 m thick loess of 450-700 m/s velocity, underlain by 
Neogene (2,0 km/s) or Cretaceous (3,5-4,5 km/s). The sediments absorb a consider
able part of the energy carried by deep arrivals.

Shooting was made in water (Isker and Black sea) and in holes. To trace the 
crystalline basement TNT charges of 350-500 kg, to trace the deep structure, 1000- 
1500 kg, were used.

The charges were placed in 10-15 holes of 10-20 m average depth, possibly at the 
loess bottom.

Wave characteristics

Kinematic and dynamic characters divide the waves recorded, into four groups :
1) wave-groups from boundaries in the Mesozoic and Paleozoic sedimentary 

cover (Pg_4);
2) w a v e-grou p s fro m  th e to p  o f  th e crystalline b asem en t (P q) ;
3) wave-groups from below the crystalline top including the Conrad proper 

(gabbro top; P£_3);
4) wave-groups from the Moho (Pj£f ).
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1) The refracted waves arrive from the carbonate facies of the sedimentary cover.
Refracted waves Po1;2 come from the top of Upper Cretaceous, Valanginian-

Malm, middle Triassic formations respectively. Pf shows complete coverage alone. 
The apparent velocity varies between 5,6-6,2 km/s. The distance of complete at
tenuation is 20 km. The frequency of the Upper Cretaceous, Valanginian arrivals is 
20-25 cps; that of the Middle Triassic arrivals is 15-18 cps.

P| 4 waves, from the top of the Lower Carboniferous and Devonian carbonates, 
attenuate at 10-35 km distance. They have a mean frequency of 12-15 cps, and an 
apparent velocity of 5,9-6,4 km/s.

2) P£ waves later attenuate (15-50 km) but their kinematic and dynamic char
acter are less definite.

The Pq waves are head waves. No distortion, arising from wave immersion, has 
been experienced. The reason may be the relatively little SP distance (up to 50 km).

The apparent velocity varies between 6,1-7,2 km/s. The considerable intensity 
of waves refers to a sudden change of physical parameters on the crystalline/sedi- 
mentary contact.

Po waves appear with the largest and persistent enough apparent velocity on the 
western slope of the elevated belt (6,6-7,2 km/s). In the Lom depression the value 
is lower and rather constant: 6,3-6,4 km/s. The differences may be due to changes 
in the petrological composition or tectonic disturbances of the basement.

The average frequency is 10-12 cps. The wave consists usually o f two-three 
phases. In the interference zone it suddenly dies away or, contrarily, its amplitude 
strongly increases. The correlation is sometimes rendered difficult because of the 
interferences. A disturbed wave pattern in this group may likewise be in connection 
with the structure of the basement.

3) Far off (40-100 km) from the shotpoints Pq is replaced by P i 2 3 waves from 
surfaces below the basement, of different elastic properties. In first arrivals they 
branch out from the fading phase-ends of Pjy.

The apparent velocity of Pf_3 waves varies between 6,6-7,8 km/s. At 7,0-7,2 km/s 
they become first arrivals. The frequency is 8-10 cps. Their intensity likewise varies. 
E.g. PS is strongest at SP-76,0 (Fig. 49). In the vicinity of Popovo (about the middle 
of the profile) Р / 2 3 arrive in fair succession.

The Pf_3 waves may arise from around the gabbro-layer. From the mixed nature 
of P j one can conclude to a mixed transition zone between the granite and gabbro- 
layer. P2 may mean the Conrad proper. Hence, the rest of the Pc waves arrive from 
the interior of the gabbro-layer.

4) From 5 shotpoints, in a recording interval of 53-140 km, P^fl waves of high 
intensity and of 8,5-9,0 km/s velocity have been observed. These multi-jihased 
vibrations consist, in fact, of two waves (Fig. 50). The group character is kept even 
beyond 100 km. Here and there wave P/Jn is preceded by another wave, referring to a 
rather intricate transition zone between crust and mantle.

In IP II the recording distance of this wave is longer : 250-300 km. Its unambiguity, 
however, is doubtful (Fig. 51).
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Fig. 50 Records with ultra-critical PM waves in IP X , in the Lom depression
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Fig. 51 Ultra-critical P M wave in IP  II

Velocity pattern and interpretation

Experimental velocity measurements, and average velocity calculations were 
made beforehand, with the commonly known Chibisov method and with P avlen - 
k o v a ’s (1969) method as well as with the intercept-time method. The rapid fading 
of first arrivals, and the lack of clear refracted waves rendered the Chibisov calcula
tions difficult and somewhat uncertain.

Consequently, corrections were applied, taken also the geological conditions into 
consideration. The corrected values, satisfactorily agreeing with those of the inter
cept-time method, are the following. The average velocity in the Lom depression 
down to the crystalline basement is 4,6 km/sec, to the Conrad 5,65 km/s, to the 
Moho 5,9 km/s. In the area of the North-Bulgarian elevated belt these values are: 
5,2-5,4: 5,9 and 6,2, respectively.

In drawing the deep horizons Pc waves were assumed to be of reflected character 
in the beginning of their recording. With this assumption in mind was the entire 
profile constructed, i.e. from single velocity-branches, and from reverse and correlat
ing ones. Thus, several reflecting elements have been constructed with rather va
riable dips. This is a consequence of the poor knowledge of velocities, and to the 
same effect does the intricacy of the corresponding horizons contribute.

Anyway, some conclusions could be drawn about the crustal structure of some parts 
of the Moesian platform.

Conclusions

The results are demonstrated in Fig. 52 (the forthcoming analysis refers to the 
Bulgarian section, negotiated so far alone).

The most abundant information originates from the Valanginian-Malm carbonate 
complex of 5,6-5,8 km/s boundary velocity.

The Paleozoic refracting horizons could be traced almost all along the entire 
profile. These are Lower Carboniferous (03 horizon) and Devonian (0 4 horizon) ones. 
Horizon 0 4 is of better quality. The Paleozoic boundary velocities are rather high. 
That of horizon 0 3 is 6,0-6,1 km/s, that of 0 4 is 6,4-6,5 km/s.

The depth of horizon 0 4 in the Lorn depression is 5,7 km, in the vicinity of Popovo
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it is 2,8-4.0 km, in the northern Varna depression it is 2,6-4,0 km. On the top of the 
structure of the North-Bidgarian elevated belt Silurian rocks were drilled in 800 m, 
under a Jurassic-Cretaceous complex.

The crystalline basement is of 6,4^6,8 km/s boundary velocity. It is rather even 
in the Lom depression, in a depth of 7,5-10 km. In the east the basement rises along 
steep faults to attain 2,5-4,0 km on the elevated top (the Hitrino and Vetrino blocks). 
The crust is divided into blocks by deep faults at the river Isker, at Pordim, at the 
river Yantra, at Tolbukhin and at Tulenevo.

The Conrad and Moho, as drawn, certainly contain some error because of the 
methodological difficulties mentioned. Still, a synthesis of all available data (in
cluding gravitational and magnetic ones) renders an outline information possible 
about the deep structures investigated.

On the western part of IP X  Pf arrivals come from a depth-interval of 15-27 km. 
To the east from the river Yantra and in the vicinity of Popovo the Conrad somewhat 
rises.

If assuming the persistent P£ wave to arrive from the Conrad, one has to state 
that its depth considerably varies along the profile. In the Lom depression it lies 
in 20 km depth, with a tendency of dipping westwards. The depth is about the same 
in the area of the Pleven and Maslarevo blocks. On the western slope of the North - 
Bulgarian elevated belt the C horizon rises to 12-14 km, then in the top area it deepens 
to 16-18 km again, followed by another uplift, where approaching the coastal area.

The crustal horizons change their depth most frequently in the vicinity of the 
river Yantra, assumably in consequence of deep faults (in this area runs the so-called 
“ basalt-trough” ).

Thus, the surface of the gabbro rather undulates, affecting, of course, the thickness 
variation of the granite layer.

Including the topmost horizon of the crystalline basement into the granite layer, 
its thickness is 15—17 km to the west from the river Isker, and it is 8-10 km in the 
vicinity of Popovo. Under the elevated belt and the Varna depression the thickness 
of the granite layer increases to 12-15 km again.

The Moho depth has been determined from single-branch time-distance curves 
only. According to the velocity model accepted, the Moho depth in the Lorn depression 
is 31-33 km. In the vicinity of Popovo the same depth has been obtained with an 
eastward increase to 35-37 km.

The profile traverses several gravitational and magnetic anomalies. The depth 
of the top of magnetic bodies fairly well agrees with the seismic depth values of the 
crystalline top.

The crystalline basement, obviously, is strongly metamorphosed, and it is inter
woven with basic intrusions. This explains the relatively high granite-velocities 
recorded here and there.

As to the depth variations of the Conrad and Moho, there is no full agreament 
between gravitational and seismic data. The gravitational field is affected by several 
factors : the behaviour of the basement and the lateral physical changes in the crust 
and mantle. An exact analysis, however, is impossible for lack of sufficient seismic 
data.

Summing up the principal results: crustal thickness changes along the profile 
from Makres to the Black sea between 30 and 37 km ; the upper section of the crust 
is granitic, the lower is gabbroide; the Conrad is of transitional character and its 
depth varies between 12 and 25 km; the eastern elevation of the crystalline basement 
is bordered by deep faults in the east and west.
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27 ROUMANIA
P. CONSTANTINESCU-J. CORNEA*

Introduction

The first crustal structural experiments in Roumania were executed in 1962 in 
Central Dobruja (Dobrogea). In a short time, however, the experiments stopped 
because of the very unfavourable field conditions.

In 1966 a systematic crustal investigation started under the auspices of the Rou
manian Applied Geophysical Institute (Bucharest), according to the suggestions of the 
involved international organizations enumerated in the Introduction of this mono
graph.

The investigations in NW Roumania were executed in cooperation with Soviet and 
Hungarian scientists (Enescu et ah, 1967) in critical point observation (CPO) system, 
and the measurements were of reconnaissance character.

Somewhat more detailed measurements were performed in IP II (Pig. 1) in 1967- 
1970 with Soviet and Bulgarian geophysicists in order to find the optimum blasting 
conditions and to get acquainted with the deep structure of the frontier area.

IP X I started to have been negotiated in 1969 in skipping continuous profiling 
and CPO system, because of the rough topography.

Geology

Roumania is traversed by two international profiles: Nos. II and XI.
IP II runs on the eastern Plain, traversing three units separated by faults: a) the 

North Dobrujan uplift with shallow crystalline basement under thin Tertiary cover, 
b) Central Dobruja with Baikalian crystalline basement (green schists), and c) Southern 
Dobruja with deep-seated basement under thick Paleozoic and Mesozoic sedimentary 
cover, of quiet stratification, gentle dips, and numerous faults (Oncescu, 1959).

IP X I traverses the entire country in a SEE-NNW direction. It overrides the 
following tectonic units: a) the Carpathian foredeep (including the Focsam de
pression), b) the Eastern Carpathians, c) the Transylvanian basin, d) the Apuseni 
Mts, and e) the Pannonian (Carpathian) basin.

The Pocsani deprission is filled up by thick Paleogene-Pliocene Molasse with 
Mesozoic and Paleozoic basin floor and with a crystalline basement underneath, 
in about 15 km depth (Cavat et ah, 1965).

The Eastern Carpathians are dominated by folded Flysch formations, from under 
which the crystalline basement crops out in the west, along a steep fault.

The Transylvanian basin is filled up by Upper Cretaceous-Paleogene-Neogene 
complexes underlain by Mesozoic (older than Upper Cretaceous) and Paleozoic 
formations. The depth of the crystalline basement is variable.

IP X I for the time being, is regarded on the Roumanian section as “ planned” 
(Fig. 1), for its coverage does not meet the international suggestions.

* Roumanian Appl. Geoph. Inst., Bucharest
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Methodology

The measurements, as mentioned, were carried out with continuous, skipping 
continuous profiling and critical point observations; the latter mainly in the NW 
part of the country.

IP II was mainly observed with continuous profiling, here and there with isolated 
(critical) soundings to obtain Conrad and Moho arrivals ; the shot distances being 
45 and 110 km.

To trace the crystalline basement the SP distance in IP II varied between 10-15 
km according to the basement’s undulations. Waves from deeper horizons have 
been obtained from shotpoints spaced at 40-45 km. Seismometer spacing was 100 m.

In the detailing measurements also fan-shootings were applied on an arc of a 
circle of 1500 m diameter, with • 100 m seismometer spacing. Such arrangement 
sometimes provides a better way to study wave characteristics and correlation.

The operations in IP II started with a SS-30/60 (CRM) equipment. From 1968 
Poisk-I-48 (CRM) equipment and Spen-1 type seismometers were applied. Seismom
eters NS-3 yielded no satisfactory material.

In IP XI, as mentioned, skipping continuous profiling and mainly CPO were 
applied with a 40 km shotpoint spacing in the former system, and 120-160 km in the 
latter (the critical distance of the Moho).

In certain points, in both profiles, near-hole reflections were attempted to observe 
deep horizons, in a distance of 0-40 km from the shotpoints, with pattern shooting 
(9 holes spaced at 50 m).

Wave characteristics

Wave analysis could be made mainly in IP II, because of its rather continuous 
coverage (SP-s 10 and 19; 40, resp. 80 km to the south from Braila).

From SP 10, along a distance of 40 km, a series of refracted waves has been observ
ed with apparent velocities of 2,5-6,0 km/s. The number of waves recorded is pro
portional with the sedimentary thickness. The waves arrive, apparently, from the 
carbonate facies of the Mesozoic and Paleozoic complexes. A later arrival of 5,5 km/s 
apparent velocity has been interpreted as having arrived either from the crystalline 
basement or from one of the Paleozoic refractors.

In the same distance from SP 10 a wave of 7,2-7,8 km/s apparent velocity and 
high intensity has been recorded as later arrival. In a distance of 65 km from the 
SP this wave turns to first arrival. It probably comes from the Conrad discontinuity, 
first reflected then refracted.

Fig. 53 shows the variation of ajjparent velocities with distance. The scattering 
of the data finds its explanation in the thickness variations of the weathering, and in 
horizontal changes of layer velocities.

In a distance of about 80 km from SP 10 an intense wave of greater than 8,0 km/s 
apparent velocity occurred. Because of the hyperbolic character of the time distance 
curve, it is interpreted as Pj£fl (Fig. 56).

The actual absorption coefficient as calculated from amplitude graphs varies 
between 1 x 10~4-  5 x  10-4 x  m-1. The variation of the coefficient sometimes 
suggests the wave to have traversed a vertical plane.

The frequency of waves regularly decreases with increasing shot distance from. 
15 cps to 10 cps, attaining this minimum value in a SP distance of 80 km (Fig. 54).
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Fig. 56 Time-distance graphs and profile section o f  IP II 

(Roumanian section)
1 arrivals frbm the sediments; 2 basement arrivals: 3 Conrad arrivals; 4 Molio wide angle 
reflections; 5 the basement; 0 the Conrad; 7 the Molio ; 8 interpolated horizon; 9 sedimen
tary complex; 10 the granite layer; 11 the gabbro layer; 12 known taníts and deep faults

(DSS); 13 tectonic units
I the Moesian platform; II the western part of Central Dobruja; III  the North Dobrujan

uplift

An extensive reflected- ref raction wave deserves mentioning, traceable up to 70 km. 
It is more intense than the monotype first arrival of a single phase. This unusual phe
nomenon is hitherto unexplained.

From mean velocities of time distance curves of diffracted waves the depth of 
diffracting points could be determined with high accuracy.

In some places waves of negative apparent velocity appeared, the absolute value 
of their velocity being equal to that of refraction first arrivals. These waves have been 
identified as multiples of the usual refracted and reflected waves. They appear 
when a refracted wave falls on some vertical boundary and is reflected from there.
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Velocity pattern and interpretation

To determine the character of a wave both kinematic and dynamic parameters 
have been taken into consideration, first of all the amplitude ratio and the variation 
of the absorption coefficient. In correlating waves, however, kinematic characteris
tics have been utilized alone.

The velocity function used down to the depth of 12 km has been based on the 
Wiechert -Herglotz, resp. Chibisov methods. For deeper penetration extrapolation 
was needed, since the material at hand has been insufficient for exact calculations 
(Fig. 55).

The construction of the horizons themselves was performed with the wave front 
method, if possible, always resort ing to the usual simple model of horizontal stratifica
tion and homogeneous, isotropic media.

The results of fan-shooting mentioned yielded, besides depith values, the spatial 
trend of the reflector, too.

To calculate Moho depth, an average velocity of 5,9-6,3 km/s has been applied 
in the function of SP distance.

Conclusions

According to CPO results the crustal thickness in NW Roumania is 25-31 km, 
so that the thin crust of the Pannonian basin, somewhat thickens on approaching 
the exposure of the Apuseni Mts.

Along IP II both the Conrad and the Moho suggest enormous faults. A large fault 
is supposed to cut the crust up to a southern block of 30-35 km thickness, and to a 
northern one of 40-45 km thickness (Fig. 56).

The interpretation of IP X I is unfinished as mentioned. A preliminary (CPO) 
depth value of horizon M has, nevertheless, been determined in the Eastern (Outer 
type) Carpathians in the vicinity of Vrancea: 45-54 km.

Data from normal reflections agree well with those of wide angle reflections.
The reader may have been aware of the heterogeneity of coverages of the different 

horizons. The upper ones are better studied; the Moho data are of reconnaissance 
character only. Roumanian geop>hysicists have found economic to combine deep) 
structural and normal exploration seismic surveys, e.g. in view of minerals. Sorrily 
enough in the CPO systems the character of waves is sometimes lost.
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28 HUNGARY
ELIZABETH MITUCH*-K. POSGAY*

Introduction

Seismic crustal investigations in Hungary started in 1954. The first experiments, 
although random enough (Gíl f i -S tegena, 1955, 1957), yielded valuable crustal 
information, e.g. that the crust under Hungary is considerably thinner than elsewhere 
in the continents, including not only the encircling mountainous arc but also the 
Russian platform.

To confirm the first, sporadic information systematic work and correlatable data 
were required.

The systematic work started in 1958 along a NE-SW striking profile of 120 km 
length (the later IP IY). The isolated recordings permitted no continuous tracing 
of phases, still the results confirmed the earlier findings (Gálfi-Pálos, I960), 
and a tentative profile section has been constructed.

It became soon obvious that the refraction measurements requiring large quantities 
of explosives, encounter serious difficulties in the densely populated industrial and 
agricultural country. A special procedure was necessary to overcome this difficulty.

The experiments for finding an adequate method started in 1962, the basic idea 
being to record wide angle reflections carrying great energy (Mituch, 1964). After the 
successful experiments the sites of the experiments have been turned to sections, resp. 
continuations of international profiles when their planning came into the foreground. 
At the same time, this is the reason of the methodological differences along the same 
profile between Hungarian and non-Hungarian sections.

Hungary is traversed by  or is the terminus of four international profiles: III, IV, V 
and VI (Pig. 1). The relative dense coverage of this small country finds its reason 
in the peculiar deep structure, namely, in the irregularly thin crust.

Besides the IP-s also a national profile traverses Transdanubia in a NW-SE 
direction (Sopron—lake Balaton—river Danube). The special aim of the investigations 
just in this profile was to distinguish between crustal structure of subsided, resp. 
exposed (elevated) basin floor (in Hungary, under the term basin floor the Preaustrian 
heterogeneous complex should be meant, having subsided just in consequence of 
crustal thinning; the basement is another term: it is of secondary importance from 
the point of view of the formation of the basin’s present features; an explanation 
will be given later; the Editor’s note).

Geology

The area of Hungary belongs to the Carpathian basin, the western part of which goes 
in the literature as Pannonian basin (see Chapter 1). Most of the latter is occupied 
by Hungary. The Carpathian basin, and consequently the territory of Hungary, 
is a young depression encircled by the folded mountainous belt of the Alps, Car
pathians and Dinarides. This basin is of oval shape and both morphologically and 
crustal-structurally completely isolated. It is surrounded, almost everywhere on the

* ELGI, Budapest
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surface, b y  mountains, and it is positively surrounded by  “ mountain roots”  i.e. 
thicker crusted strips striked into the mantle (Szénás, 1964, 1969).

The floor of the basin is composed of metamorphic, sedimentary and igneous 
rocks, stratigraphically ranging from the Precambrian to the Lower Cretaceous. 
The basin floor here and there crops out forming the Hungarian Central Range and 
isolated “ mount-islets” . A considerable part of the basin is filled up by Upper Cre
taceous, Tertiary and some Quaternary sediments. The Tertiary complex contains 
neutral and acidic volcanites and pyroclastites in a significant quantity.

The young sedimentary thickness, according to geophysical data, may reach 6-7 
km. Deep drillings have hitherto penetrated Tertiary formations down to 6 km only, 
without, however, bottoming them out.

In the basin one should definitely distinguish between the basin floor and meta
morphic, crystalline basement. The basin floor has just been described. The crystalline 
basement had consolidated latest in the early Paleozoic.

In numerous places where the rocks forming the present basin floor, had been 
eroded before the Postaustrian sedimentation, the basement lies directly underneath 
the basin fill.

Methodology

The field arrangements, as mentioned, had been determined by local circumstances. 
T he general aim was to select optimum distances and minimum charges.

Wide angle reflections carry maximum amplitudes (Epin atev a , 1957 ; Clement — 
— L a y a t , 1961). Eirst of all, critical distances of M waves were determined in 1962. 
Critical distance of M arrivals in IP IV proved to be 54 km.

In the course of the experimental measurements clear near-hole reflections were
recorded with 8,35—8,55 sec, resp. 
7,1—7,2 sec arrival times (the Mo ho 
and probably the Conrad), emerging 
fairly from the noise background.

Having determined the critical 
distance, the following field arrange
ments were applied:

a) continuous in-line profiling;
b) skipping continuous in-line pro

filing;
c) continuous profiling with 

broadside shooting (broadside pro
filing).

a) In the continuous in-line profil
ing the SP spacing somewhat ex
ceeds the critical distance. In the 
mutual points reflections around or 
beyond the critical distance and 
refracted arrivals are recorded (Eig. 
57). To obtain Moho waves in first 
arrivals, at least 100—200 km SP 
distance is needed.

b) The skipping continuous in-line

Fig. 57 Continuous in-line profiling (Hungary)
1 near-critical distance; 2 spreads

M-------------------------------------У

Fig. 58 Skipping continuous in-line profiling
1 near-critical distance; 2 spreads
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profiling differs from the previous one only in that the 
number of the spreads and the length of recorded sec
tions is reduced, nevertheless correlating in the mutual 
points (Fig. 58).

c) In the continuous profiling with broadside shoot
ing there are two parallel lines with shotpoints. The 
distance of the parallels somewhat exceeds the critical 
distance of the Moho, and the arrival times correlate in 
the mutual points of the opposite recording sections of 
the other parallel (Fig. 59). The spacing of the parallels, 

Fig. 59 Broadside e.g. in IP VI was 61 km. All shots were recorded in four
° 11 “ spreads of 2,2 km length each. The length of a recording

from one shotpoint is consequently 8,8 km. The infor
mation of the crustal structure, in this system, refers to an imaginary profile 
halving the distance between the parallels. This imaginary profile has been fixed 
on map and made to correspond to IP VI.

The pass-band of the equipments used in the first experiments (1958) proved to 
be too high. Keeping in mind the predominance of low frequencies in deep arrivals, 
ELGI developed a 12 channel all-transistorized portable equipment, frequency 
response peaked around 10 cps, to permit fair low pass and suppress industrial and 
ambient noise.

An improved version of this equipment is the type Pioneer-1 of still lower 
pass, and with filters of different cuts. In crustal investigations a steep series 
(28 dB/oct) of low pass filters were applied with an upper pass limit of 20 cps. The 
overall frequency response is below 15 cps. This equipment has been used up to 
now.

Besides these, an advanced refraction equipment (G -ll) has been applied, using 
its low pass filters of 12, resp. 15 cps response only.

Quite recently an ELGI-made digital field equipment (SU-24) has completed the 
instrument family. Its advantages are under evaluation.

The seismometers attached to any of the equipments were Hungarian made (Gamma 
Co.) ones of 7,6 cps natural frequency.

Recording was performed on two gain-levels : the first was a maximum as permitted 
by microtremor and other noises, the other was with some of the attenuations 
1:2, 1:6, 1:9.

Shooting was made with 
maximum 50-100 kg Nidin 
80 (Toluol) in 20-25 m deep 
holes, water damped. When 
shooting in pattern arrange
ment, and mostly so, hole 
spacing, either normally 
to the line or polygonally, 
was 25-30 m.

Wave characteristics

The waves recorded can 
be classified as follows.

15,0 <5.°

Fig. 60 Ultra-critical Moho reflection o f  a single wave 
group
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Fig. 61 Ultra-critical Moho reflection o f two wave groups

a) P waves from the interior of the basin fill and from the basin floor (Figs. 67, 
68, 71, 72, 73).

b) Pq waves of 5,9-6,1 km/s boundary velocity arriving probably from the top of 
the granite layer of 5-10 km depth. If the basement is deep enough (e.g. in IP III, 
Hungarian section, southern part) basement waves and granite waves cannot be 
distinguished, i.e. they are identical.

Here and there another wave of 6,5 km/s occurs. It cannot be traced with certainty, 
hence the Figures fail to demonstrate it.

c) Waves of 6,9-7,1 km/s boundary velocity (Pf; Conrad discontinuity) are 
definite enough.

d) Waves arising from the Moho discontinuity (P^f|) are of increased energy
around the critical distance (Fig. 60). 
These are mostly wide angle reflections 
as shown by their hyperbolic shape. 
They consist sometimes of a single wave 
group, sometimes, but less frequently, 
of two wave groups (Figs. 61, 62).

The second group, sometimes, pre
sented itself with a considerable time 
lag, having a somewhat different apqia- 
rent velocity at the same time.

The difference in the arrival times 
of the groujjs mentioned is between 
300 msec and 2 sec; the second group 
is more intense, as a rule.

In the vicinity of Hajdúszoboszló 
(NE Hungary) even near-hole PM waves 
consist of two wave-groups (Fig. 63). 
These phenomena suggest the Moho to 
be a transitional zone. On the other 
hand, it is not excluded either, that the 
wide angle reflection groups arise from 
certain tectonic properties of the deep 
structure.

The intensity of P“ f, waves suddenly 
decreases after the critical jîoint (Fig.

Fig. 62 Wide angle double Moho reflections 
from broadside shooting 

1 separated; 2 one missing; 3 interfering
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f 64), but even so their amplitudes 
exceed those of the arrivals from 
intracrustal horizons.

Refracted waves from the M dis
continuity (PM) can he recorded and 
traced among the first arrivals only. 
The boundary velocity o f the M dis
continuity is 7,9-8,1 km/s. The peak 
frequency of Moho arrivals is around 
10-12 cps (Fig. 65).

Fig. 63 Near-hole double Moho 
reflection
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Fig. 64 Amplitude vs. distance graph o f Moho reflection arrivals
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Fig. 65 Frequency spectrum o f ultra-critical Moho reflections
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Velocity pattern and interpretation

In computing the average velocities 
and the velocity vs. depth functions 
necessary for depth determination,
Kondratev’s method was applied. The 
mean velocity of the crust (above the 
Moho) is 5,85-6,0 km/s; it was calculat
ed from hyperbolic sections of wide 
angle reflections with the method of 
constant wave path differences. The 
pattern of velocity vs. depth is shown 
in Fig. 66.

Having used both wave groups de
scribed the crustal bottom is represent
ed in some of the profile sections by two 
horizons, 1 km from each other, solid 
lines indicating the stronger one. Wher
ever refraction and reflection calcula
tions -were compared, the agreement 
proved to be good.

When interpreting the material ob
tained along e.g. IP III (IV) the reflecting and refracting boundary corresponding 
to the M discontinuity, has been plotted assuming a two-layered crustal model, tak
ing, however refractions on intracmstal interfaces into consideration. The mean 
velocity used in the Hungarian-Soviet section is 6,0 km/s, in the central part (IV), 
5,85 km/s, in the Hungarian-Yugoslavian section 5,9-6,0 km/s.

The intracrustal horizons have been constructed with the aid of refracted waves.

Conclusions

Fig. 67 shows the time distance curves and profile section of the semi-international 
profile IV (this profile is international in such a sense that a short section of it ties 
up the loose ends of the broken IP III; the rest of the profile is a national one, and 
the first in this country [NP 1], measured mainly with skipping continuous in-line 
profiling). Three discontinuities have been verified from the recordings: the surface 
of the granite layer (C0) of 6,1 km/s boundary velocity, the surface of the gabbro 
layer of 6,8 km/s velocity (Ca; Conrad), and the crustal bottom, namely, the Moho 
discontinuity of 8,1 km/s velocity. The latter is represented by two horizons, shifted 
vertically 1,0-1,5 km from each other.

The depth of the granite top varies between 4 and 9 km. It is in an elevated position 
in the Danube valley, and it subsides between Nagykőrös and Hajdúszoboszló (it is 
emphasized again that the granite top is not identical with the basement proper, the 
granite is deeper, as a rule. It may represent some old basement if this has any geolo
gical significance at all. Above the basement another horizon is represented in the 
Hungarian profiles, resp. sections : the Preaustrian basin floor. Its relief is obtained 
not from DSS but from exploration geophysics and deep drillings. The reason of 
representing it is that, from the point of view of the basin formation, and for several, 
mainly explorational, reasons, this is the most important geological horizon of the
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Carpathian basin. It shows two interesting features: the one is that sometimes it is 
exposed, the other is that on many places, it is identical with the basement. Moreover, 
there are one or two spots in SE and FW  Hungary where perhaps all of the three 
horizons: the basin floor, the basement and the granite top might coincide. (This, 
however, is an open question as yet, as referred to in the geological chapter. This 
explanation refers to all of the DSS profiles ever measured in Hungary; the Editor’s 
note.)

The gabbro top, i.e. the Conrad discontinuity could be traced in the HE section 
o f the profile only, in a depth of 19 km.

The deptli of the Moho discontinuity (referring arbitrarily always to the lower one) 
slightly varies along the profile. In the vicinity of Hajdúszoboszló its depth is 25 km. 
Southwestwards it gently sinks to attain 27 km under Nagykőrös, then rises again. 
To the southwest from the Danube it attains its most elevated position in 24 km, 
but its depith never more exceeds, along the profile, 25 km.

The double Moho along IP VI, measured with broadside shooting, mildly slopes 
southeastwards, then gently rises again. Its depth, under Hungary, varies between 
26 and 28 km. Between the Moho relief and basin floor relief a slight anticorrelation 
can be observed, with interesting tectonic implications.

The connection of the Hungarian and Czechoslovakian sections of the profile was 
carried out in a cooperation of the interested parties, with in-line profiling. The Moho 
depth under the frontier proved to be 27 km with a northwestwards increasing 
trend.

The Hungarian section of IP III consists of three parts (Fig. 1). Its northeastern 
end, between Debrecen and the frontier (Beregsurány) is a direct continuation 
o f the Soviet section. Its middle part is identical with the Debrecen-Tótkomlós 
section of Profile IV described in the preceding passages. Its southern part is con
nected (in the vicinity of Szeged) to the Yugoslavian continuation. The connections 
were naturally carried out with international joint measurements.

The observations in the NE and SW part of the Hungarian section were made 
with continuous in-line profiling. The time distance curves and crustal section of 
IP III are shown in Fig. 71.

Along the entire length of the Hungarian section, under the basin floor of 5,5-5 , 8  

km/s velocity the granite top has shown up everywhere with a boundary velocity 
of 6,1 km/s. The southern part represents an exception where arrivals of two, even
tually three horizons, as hinted earlier, taper together into an inseparable wave 
group.

Under the granite top sporadic arrivals indicate discontinuous intra-granite inter
faces of 6,50-6,85 km/s boundary velocity.

The Moho depth varies, along IP III, between 24 and 29 km under Hungary. 
Proceeding both northeastwards (approaching the Carpathians) and southwest, 
wards (approaching the Dinarides), a trend of crustal thickening can be observed 
This profile is one of the most interesting profiles of the network, for, besides the'

-<;---------
Fig. 67 Time-distance graph and profile section o f IP IV  (Hungarian NP-1)
1 arrivals from the granite top: 2 Conrad arrivals; 3 Moho vide angle reflections; 4 Moho head waves; 5 
crystalline part of the Preaustrian basin-floor, i.e. the Precambrian and Lower Paleozoic basement (from 
seismic exploration and drillings); G Upper Paleozoic-Lower Cretaceous, mainly carbonate, part of the Pre
austrian basin-floor (from seismic exploration and drillings); 7 granite top; 8 the Conrad: 9 the Moho; 10 
the Upper Cretaceous-Neogene (Quaternary) basin fill: 11 the granite layer: 12 the gabbro layer 
NB. Basement and granite top are, in the Carpathian basin, not identical
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ancient European platform, the Ukrainian shield, and the Carpathian basin, it tra
verses two mountain chains, the Carpathians and the Dinarides with their thick crust 
(root). These matters, however, were detailed in the respective national chapters 
and will be also discussed in Chapter 3. As a matter of fact, under the Carpathian 
basin, and especially under the central Hungarian part of it, an anomalous crustal 
thinning can be observed (M i t u c h , 1968; S t t b b o t in  et ah, 1968 a, b).

IlWiT- |t  I ■01 I? |<ÿS [a \ ^ Co\> \^ c\ |ro bfM\„ I |g  [P + 7 ] b 1V v V 1»

Fig 6S Time-distance graphs and profile section o f the Transdanubian DSS profile
(Hungarian NP-2)

1 arrivals from the granite top; 2 Conrad arrivals; 3 wide angle reflections from the Moho; 4 head waves 
from the Moho; 5 Preaustrian basin floor of crystalline composition (Precambrian and Lower Paleozoic base
ment); 6 Preaustrian basin floor of Triassic-Lower Cretaceous, mainly carbonate composition; 7 strati- 
graphically and petrologically unclassified Preaustrian basin floor; 8 Preaustrian basin floor o f mainly Upper 
Pelaozoic clastic and carbonate composition; 9 the granite top; 10 the Conrad; 11 the Moho; 12 the Upper 

Cretaceous-Neogene (Quaternary) basin fill; 13 the granite layer; 14 the gabbro layer 
ЮЗ. In Transdanubia the Upper Cretaceous is unconformous both on top and bottom. Items 5-8 are known 

from seismic exploration and deep drillings

The NW-SE striking NP-2, traversing Transdanubia diagonally (Eig. 6 8 ), has 
been designed to elucidate how the crustal structure under an exposed basin floor 
area (Transdanubian Central Range, Mt. Bakony) differs from the more usual 
covered areas of the young depression.

The measurements were carried out in 1965-1967, with continuous in-line profiling. 
The time distance curves and the crustal section are shown in Pig. 6 8 .

The basin floor, as mentioned, crops out in about the middle of the profile. Exposed 
or buried, its bound ary velocity is 5,6-5, 8  km/s. The basement, where it is not iden
tical with the bavin floor, lies in an unknown depth and in such cases, its boundary 
velocity cannot be determined either, for it is overlapping with that of the sedimen
tary compone ts (mainly Triassic carbonates) of the basin floor.

The granit : top lies in a depth of about 5 km and its boundary velocity is 5,7-6,0 
km/s. (It m ly be suspected that to the north from the Central Range, the basin 
floor, base-lent and granite top practically coincide; at least they are as close to
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each other that their respective wave groups cannot be separated; the Editor’s note.) 
In the southeastern part, this horizon can continuously be traced; in the north
western section, however, it is uncertain and its marking requires geological con
siderations.

Horizon G\ (Conrad) of 7,0-7,1 km/s boundary velocity lies in 19-20 km depth. 
Its arrivals are sporadic enough, it is represented in the profile section discon- 
tinuously.

The wide angle reflections of the Moho discontinuity (3? f̂l) are characterized by 
great intensity. Their phase axes, however, are often deformed because of the rough 
terrain, the faulted structure of the outcropping basin floor and, perhaps, because of 
the faulted nature of the Moho itself. Similarly to the other profiles, P^f, is re
presented by two wave groups. The Moho depth considerably varies along the profile. 
The lower Moho under the Central Range lies in a depth of 30,4 km (the greatest 
measured M depth in Hungary), while it is 24,5 and 25,0 km deep in the NW and 
SE part of the profile, respectively. The deeper Moho is in connection with the ele
vated (outcropped) basin floor. This phenomenon is not isolated in the interior 
of the Carpathian basin. The tectonic implications of the anticorrelation between 
Moho relief and basin floor relief are discussed elsewhere (Szénás, 1969).

In the vicinity of the Central Range the first Moho reflection is weak, sometimes 
even missing. The intensity of the second reflection likewise decreases. They are, 
however followed by a wave train of large enough amplitudes and of 8 ,3-8 , 8  km/s 
velocity. The time lags of these arrivals correspond to a depth range of about 5 km. 
The time interval between Pj*refl and Pfrefi is 1,0-1,5 sec (Fig. 69). These both cor
respond to the Moho (double Moho). P31 and P£! are supposed to arrive from the 
upper mantle. This, in all probability, means that the Moho is not a sharp discon
tinuity but a phase-transition zone between crust and mantle. Horizon Mx can be 
regarded as the top, horizon M4 as the bottom of this zone.

Horizon M2 must be either stabile or recent, for it can be continuously traced. 
(It is suggested, however, not to draw conclusions from the local intensity of the 
arrivals from horizon M2, for the intensity of M, and M„ arrivals is, wherever they 
occur, alternating; the Editor’s note.)

The depth of the lowermost M horizon has been computed as 38,0 km. It is re
presented with dashed lines in Fig. 6 8 . (The Editors of the original Russian text suggest 
the P^ and PÍJ1 arrivals to disconnect from the Moho, claiming the 38 km deep one 
to be the real Moho. The foundation of this suggestion is that the arrivals from hori
zons M4 and M2 are weak and without characteristic features. A careful kinematic 
and dynamic re-interpretation of the material, however, testify their belonging

Fig. 69 A record with arrivals from the Moho and from the mantle
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to the Moho discontinuity; and the question of M3 and M4 horizons remains open; 
the Editor’s note.)

The report of the measurements in IP V is of preliminary character. The results 
of the measurements, interrupted temporarily in 1969, can be seen in Fig. 72.

A refracting boundary of 6,1 km/s boundary velocity, corresponding obviously 
to the granite top, can be traced in Hungarian territory, reliably enough, in a depth 
of 5 km, in average.

The horizon of 7,0 km/s boundary velocity (probably the Conrad) could be traced 
discontinuously. For the time being this horizon is not known enough to deal with 
its structure.

The double M arrival testifies a not simple composition of the M horizon along this 
profile. Their vertical displacement is not the same in Hungary as in the adjoining 
Czechoslovakian territory. It is greater in the latter area, though structurally the 
frontier means nothing. Horizon M, in general, gently slopes towards Czechoslovakia.

*

The results of the Hungarian crustal investigations are summed up in the Moho 
contour sketch of Hungary (Fig. 70), with a contour interval of 0,5 km. The maximum 
depth is under the Transdanubian Central Range : 30,4 km. The minimum depth 
values fall rather on the southern part of the country.

1 contour lines (km); 2 profiles
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One of the most interesting features of the crust of the basin is that the granite 
layer is normal or thick, while the gabbro layer is unusually thin, suggesting the thin
ning to have been brought about from below: at the expense of the gabbro layer.

The data at hand testify an even variation of the Moho relief, under Hungary. 
Anyway, significant faults could not be traced. (This does not mean that such ones 
do not exist but perhaps the coverage is too loose to trace them just as well as to 
trace the Conrad reliably. As a matter of fact, faults theoretically, geologically must 
be postulated, for the anticorrelation mentioned, proves local isostatic compensation 
of the individual crustal blocks, which could not have taken place without relatively 
free vertical oscillatory movements of these blocks. The free oscillation presupposes 
tensional stresses and faults, traversing at least the entire crust. Besides this, the 
immense volcanism also suggests deep faults; the Editor’s note.)

To explain the thinning of the basin’s crust there are some suggestions in the 
literature (e.g. Szénás 1964, 1969). The essence of these ideas is that the formation 
(subsidence) of the basin is in genetical connection with the thinning of the crust 
in the Upper Cretaceous. Actually it must have been an isostatic response of the 
Preaustrian surface to the thinning of the crust from below, in order to attain 
isostatic compensation, under the new circumstances (mass distribution). But the 
process, which has brought the crustal thinning about, is completely unknown, 
and it is not thought to be worthwile either to advance ungrounded hypotheses until 
a more reliable mass of data will be at disposal. Anyway, the gabbro layer is abnor
mally thin, and the basin does exist after all, beyond reasonable doubt.

The nature of the Carpathian basin cannot be regarded as yet as completely 
clarified. The data described should form the foundation of the further considera
tions and investigations, resorting at the same time to other geophysical (e.g. magne- 
totelluric, gravity) results, and to the ever broadening geological information of deep 
drillings.
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C h a p t e r  3

T H E  R E S U L T S  OF T H E  M E A S U R E M E N T S  A L O N G  
T H E  I N T E R N A T I O N A L  P R O F I L E S





T H E  R E S U L T S  OF T H E  M E A S U R E M E N T S  A L O N G  
T H E  I N T E R N A T I O N A L  P R O F I L E S

B. BERÁNEK, J. WEISS, A. HRDLICKA, A. DUDEK, 
M. ZOUNKOVA, M. SUK, M. FEIFA R 1 ; H. M ILITZER, 
H. K XO TH E 2; E. MITUCH, K. POSGAY3; J. UCHMAN* 
V. B. SOLLOGUB, A. V. CHEKOTOV5; D. PROSEN-,

В. MILO V A X  О VIC, M. ROKSAXDIC6

From the thirteen planned profiles, mentioned in the Introduction, five have 
reached the stage, both in measurements and interpretation, to be eligible for pub
lication. The national sections proper have been tackled by the scientists of the 
countries traversed. In the frontier-zones the work was carried out in a close cooj>era- 
tion of the scientists of the interested adjoining countries. Although an immense 
work has been afforded in each of the participant countries, still there have remained 
short sections of the profiles where some intricate wave pattern or an inadequate field 
arrangement has left uncertainties as to the crustal structure of the site. Completing 
measurements will clarify the questions hitherto open or uncertain.

On the rest of the international profiles, the operations are either going on, or will 
start in the near future.

The results attained in the profiles finished, will be discussed in what follows, 
in the order of their numeration.

Profile I  runs in a sub-meridional direction (~NNE-SSW), with slight breaks, 
entirely in Soviet territory, including the Black-sea offshore region (Fig. 1). The 
results of this profile are demonstrated in the proper “ national”  chapters; there 
is no need to repeat them here.

The processing and interpretation of the recorded data in Profile II, by Bulgarian, 
Roumanian and Soviet geophysicists, are just under way. The preliminary results 
have been reported in the respective chapters, but no complete profile can be pu
blished as yet, except the Roumanian section (Fig. 56).

Profile I I I  (Fig. 71) with a total length of 1800 km is the longest one of the network 
(by the way, it had to be stretched northeastwards in the course of field operations). 
It starts, in the north, on the Voronezh massif, traverses the Dnieper-Donets de
pression in the vicinity of Chernigov, the NW part of the Ukrainian shield, the Volliy- 
nian-Podolian platform, the Carpathian foredeep, the Eastern Carpathians, the 
Carpathian basin (Soviet Transcarpathia, Hungary and North-Yugoslavia), the 
Inner and Outer Dinarides (Yugoslavia), and it terminates in the Adriatic sea (its 
continuation is planned).

The crustal structure along this profile is very diverse, and no wonder, since the 
profile traverses genetically and stratigraphically very different units from the 
ancient Pre-Riphean Ukrainian shield to the young Alpine mountain-chains of the 
Carpathians and Dinarides.

The crustal thickness, along the profile, undulates within wide range : from 24—27 
km under the interior of the Carpathian basin, to 60-65 km under the Carpathians.

'Czechoslovakia; 2 German Democratic Republic; 3 Hungary; 1 Poland; 5 Soviet 
Union; 6 Yugoslavia.
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The profile traverses a number of deep faults cutting the crust up to blocks. The 
surface of the consolidated, crystalline Pre-Riphean complex (C0 surface, basement), 
in the NE section (Voronezh massif) lies in a depth of a few hundred meters alto
gether. In the area of the Dnieper-Donets depression, however, it subsides, along 
faults to a depth of 4-5 km, forming a gently sloping graben-like structure. South- 
westwardly the basement rises again, and in the Ukrainian shield, practically it 
crops out. From here to as far as the Carpathian foredeep it gently goes down.

Its petrological composition is very different in the different tectonic units. 
It is mainly composed of granite, gneiss, various migmatites, etc. Here and there, 
however, a basic “ slab”  of about 4-5 km thickness is its prevailing component 
(e.g. the Korosten pluton in the NW part of the Ukrainian shield) of gabbro-labra- 
dorite composition. On the SW margin of the Volhynian-Podolian platform, i.e. 
in the vicinity of the Carpathian foredeep, the basement of the ancient platform 
consists probably of early Proterozoic rocks.

In the Carpathian foredeep the basement sinks to 15 km depth along a fault-system, 
forming a deep, narrow graben. This is the junction area of basements of different 
ages : the ancient (Pre-Riphean) basement of the East-European platform is replaced 
by the Baikalian lHetamorphic basement of the Eastern Carpathians.

The basement’s depth under the Eastern Carpathians is 10-12 km with a general 
rising trend towards Transcarpathia, interrupted by a local elevation.

In the Transcarpathian depression the metamorphic basement is 5-8 km deep. 
A seismic horizon over it suggests Mesozoic-Paleogene folded formations.

In the basin’s interior, in Hungary, the basement’s depth varies between zero 
and 10 km and its cover, if any, is composed of heterogeneous Paleozoic-Lower 
Cretaceous complexes, together forming the so-called Preaustrian basin floor; and 
very thick Upper Cretaceous-Paleogene-Neogene-Quaternary basin sediments, 
from under which the basin-floor, and even the basement, sometimes crops out to 
form the Hungarian Central Range and other isolated “ islet-mounts” . The role 
of folding in the complexes older than the Austrian phase and younger than Old 
Paleozoic, is negligible ; in the basin fill it is almost nil. The main character of disloca
tions is faulted. The faults are rather young and they are in connection with the 
birth and evolution of the basin. (In this last passage, the original text has been re
placed by a description based on recent exploration, and fitting the actual conditions 
better. The conditions, characterizing the Hungarian, greater part of the Carpathian 
basin, obviously by no means change at the frontiers, but the Hungarian Editor 
o f the English version feels entitled to correct such items only which refer to his 
own country; the Editor’s note.)

Fig. 71 Time-distance" graphs and profile section o f IP  II I  ------->-
1 arrivals from the sedimentary complex; 2 arrivals trom the dislocated Paleozoic-Mesozoic complex o f the 
Carpathians; 3 arrivals from the granite top (sometimes coincindig with the basement); 4 Conrad arrivals; 
5 reflection arrivals from the M0 horizon; 6 reflection arrivals from the M horizon; 7 head waves from the M 
horizon; 8 unidentifiable arrivals; 9 the granite top (sometimes coinciding with the basement); 10 the Con
rad; 11 the M0 horizon; 12 the M horizon (interpreted as the Moho proper); 13 known near-surface faults; 14 
minor faults (DSS); 15 deep faults (DSS); 10 the basin fill of the Carpathian basin, resp. sea water (in the 
Adriatic region); 17 sedimentary complex in general, except the previous item; 18 the Preaustrian basin floor 
of the Carpathian basin (along this profile it is mainly crystalline; beyond the Hungarian frontiers it either 
grades into the granite top or, if sedimentary, it is not completely demonstrated); 19 the granite layer; 20 
the gabbro layer; 21 diffractions; 22 tectonic units
I the Adriatic depression; II the Outer Dinarides: III the Inner Dinarides; IV -V  the Carpathian basin (V 
the Transcarpathian depression); VI the Soviet Eastern Carpathians; VII the Carpathian toredeep; VIII 
the Volhynian-Podolian platform; IX  the Ukrainian shield (IXa the Korosten pluton); X  the Dnieper- 
Donets aulacogene; X I the Voronezh massif
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Fig. 72 Time-distance graphs and profile section o f IP  V

1 arrivals from the granite top; 2 Conrad arrivals; 3 Moho reflections; 4 Moho head waves; 5 the Conrad; 6 the Moho; 7 deep faults (DSS); 8 known near-surface 
faults; 9 the Upper Cretaceous-Neogene (Quaternary) basin fill of the Carpathian basin; 10 Molasse; 11 Flysch; 12 Mesozoic (if in the Carpathian Basin, a constit
uent of the Preaustrian basin floor); 13 Paleozoic (if in the Carpathian basin, a constituent o f the Preaustrian basin floor); 14 the Preaustrian basin floor of 

the Carpathian basin, unclassified; 15 the crystalline basement; 16 the granite layer and its top; 17 the gabbro layer; 18 tectonical units 
I the epi-Paleozoic Polish platform; II  the Carpathian foredeep; III the Silesian belt; IV the Magúra belt (Outer Carpathians); the cliff belt o f the Inner 
Carpathians (Peripienninian lineament); VI the Inner Carpathian Paleogene depression; VII the mainly Mesozoic North Gemeride synclinorium; V III the 

Spisksá-Gemerská Ore Mts.; IN  the Slovakian Carst; X  the Carpathian basin (the interior depression)



The basement in the Yugoslavian part of the Carpathian basin is more complicated. 
In the Fruska Gora area and in the Dinarian transition zone e.g. it undulates and 
it is faulted. Within the Dinaride belt proper, the basement sinks to attain its maxi
mum depth (about 10 km) under the Outer Dinarides. There has been no direct 
seismic depth determination in the Adriatic sea, but an assumption of 15 km sedimen
tary thickness seems to be reasonable.

The Conrad discontinuity cannot be traced everywhere. In certain sections it is 
interrupted by faults; the throw of some of them may attain a (maximum) value 
of 1 0  km.

Under the Dnieper-Donets depression the Conrad discontinuity (Cx) lies in 13-18 
km depth, forming a mild trough. The axis of this trough is shifted westwards as 
compared to that of the depression. Under the Ukrainian shield (Korosten area) 
the Conrad is missing. Since the system of recordings has been very detailed in this 
area, there is no reason in thinking to have “ missed”  it because of methodological 
shortcomings. On the contrary, the Conrad is claimed to be absent here as a bound
ary of sharp velocity contrast.

To the SW from the Korosten pluton, but still within the Ukrainian shield, the 
Conrad can be traced in a depth of 20-24 km.

At the contact of the Ukrainian shield and the Volhynian-Podolian platform a 
large deep fault has revealed itself. Here the Conrad apparently comes to an end, 
but in fact it jumps on the southwestern wall of the fault up to 1 2  km depth. 
In the surroundings of this fault also near-surface faults occur in connection with 
basalt dykes ranging in a general NNW strike trend.

Under the Volhynian-Podolian platform the Conrad lies practically horizontally 
in 20 km depth. To the SW from SP 140,5 this interface, along faults, abruptly 
sinks down. The maximum depth of horizon C has been found under the Carpathian 
foredeep. At the contact of the foredeep and the Carpathians themselves the 
Conrad suddenly rises again to a depth of 18-22 km. The sum total of the throws of 
faults along which the (\ rises, is 10-14 km.

In the Carpathian range and farther off, under the Carpathian basin, horizon C, 
is near-horizontal in 18-20 km depth. Under the Hungarian section, horizon C\ 
is sporadic enough on the profile section, because of the loose system of recordings. 
Still, it can be stated with certainty that under the basin it does not undergo struc
tural changes of large vertical displacement (It follows from the way of the basin’s 
formation that the undulation of the Conrad must be almost the same as that of the 
basin floor. Sorrily enough the Conrad data are sporadic, unreliable or nil ; the Edi
tor’s note.)

In the Dinaride region the Conrad appears likewise as sporadic for the same reason 
as in the Hungarian section. Anyway, its depth is 18-20 km. Under the Outer Dinari
des this horizon becomes somewhat dented, partly correlating with the topography 
o f the basement.

The Mohorovicic discontinuity, along IP III is of very complicated build. Under 
the Voronezh massif its depth, i.e. the crustal thickness, is 46-47 km. Proceeeding 
southwestwards, the horizon M rises, forming an elevation under the Dnieper- 
Donets depression. At the top of the elevation the crustal thickness decreases to 
35-36 km.

The Moho elevation is bordered by two deep faults (m, n) corresponding to the 
marginal faults of the Dnieper-Donets depression.

Under the Ukrainian shield the crust, along the profile in question, is about 40 km 
thick. Thickening can be observed under the Korosten pluton (section 200-250)
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and in the vicinity of Shepetovka (section 100-150) only (l). The thickness at the for
mer site is 46 km, at the latter: 55 km. It is not excluded that the latter thickening, 
cid analogiam of the central part of the Ukrainian shield, is a relict of an early Prote
rozoic geosyncline. Along the fault (к) bordering the shield in the west, horizon 
M suddenly rises just as well as horizon C.

In the territory of the Volhynian-Podolian platform, as far as point 130, horizon 
M lies horizontally in 40 km depth. At the platform-margin, to the SW from point 130, 
horizon M sinks along faults (Д, f,) to 52 km ; farther off, in the Carpathian foredeep 
it sinks to 55 km. Under the Eastern Carpathian horizon M rises southwest wards.

Along the fault e sepiarating the Carpathians and the Carpathian (Transcarpathian) 
basin, horizon M shows a stepwise rise from 55 km to 30 km. The sum total of the 
throws of the faults here, is about 25 km. This enormous fault-system has played 
a very important role in forming the structure of the Carpathians. It can be traced 
strike-wise, as will be demonstrated, along several hundred kilometers (Peripiennini- 
an lineament).

Besides horizon M just described, another—M0— horizon can be observed under 
the Carpathians with wide angle reflections of similar amplitude characteristics. 
This—probably younger—horizon must have come into being in the Alpine cycle. 
Its depth is 35-45 km, and so it forms a peculiar, second, higher “ root”  under the 
Carpathians.

Horizon M0 is dissected by numerous faults. It is deepest at the junction of the 
Carpathian foredeep and the Eastern Carpathians. The undulation of the “ upper 
root”  is altogether not large: 5-10 km. Besides this, while the “ lower root”  includes 
the Carpathians, the Carpathian foredeep and the marginal parts of the Volhynian- 
Podolian platform, the “ upper”  one is narrower: it can be traced under the Car
pathians and Carpathian foredeep only. It may be assumed that the lower root is an 
ancient one, eventually early Proterozoic; the “ upper” , on the other hand, is a 
superimposed younger one: Alpine.

In the Hungarian-Soviet border zone of IP III the present recording system has 
hitherto not provided an unambiguous interpreration for the M relief. The Soviet 
geophysicists, in this section assume a fault and a minor elevated block of the mantle 
(horizon M). The Hungarian scientists do not deny the fault, only the too much 
elevated mantle block. The profile section (Fig. 71) shows both possibilities of the 
interpretation and the decision is left to further measurements.

Penetrating towards the interior of the basin, horizon M gradually rises to attain 
about 25 km depth under the Hungarian Great Plain ; then it mildly deepens in SW 
direction to 28-30 km. The latter value is attained under the Fruska Gora area (c, d), 
Yugoslavia. Farther southwestwardly, one of the most important Moho elevation 
can be traced at Zvornik-Loznica, where the Carpathian basin meets the Dinarides (b).

Proceeding further in the direction of the Outer Dinarides, horizon M rapidly 
goes down (a) and soon it attains the depth of 45 km (Cavtat-Gacko). From the 
Outer Dinarides to the Adriatic sea the crustal thickness decreases again.

Under the Outer Dinarides typical roots can be identified shifted somewhat 
southwestwards as compared to the axis of the Dinaride ranges.

Across the Adriatic sea, in the Apulian platform, the crustal thickness is about 
40 km, as reported by Italian geophysicists.

As mentioned, along IP III several deep faults can be observed. These faults 
divide the crust into blocks. Some of the faults cut across every important seismic 
horizon; others interrupt single ones only. Some faults separate geotectonic units 
of different order; others separate blocks within the same units.
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Out of the faults indicated with letters, those of g and к type traverse the entire 
crust.

Profile V (Fig. 72) of 450 km length has been negotiated in Polish, Czechoslovakian 
and Hungarian cooperation. Actually, the profile is not finished as yet, thus Fig. 72 
must be regarded as a preliminary sketch.

The profile starts in the north, on Polish territory, in the epi-Paleozoic (Hercy- 
nian) platform. Then, traversing the Carpathian foredeep, the Outer Carpathians 
(Silesian and Magúra belt), the boundary between the Outer and Inner Carpathians, 
the Inner Carpathians (the interior Paleogene basin, the Mesozoic Northern-Gemeride 
synclinorium, the Spisská-Gemerská Ore Mts., and the Slovakian Karst), it termi
nates in Hungary, well within the Carpathian (Pannonian) basin.

The crystalline basement (C0) has been traced in details in Poland with CRM. 
At the northern end of the profile it lies in a depth of 3-4 km. In the south, in the 
Hungarian part of the Carpathian basin it can be traced long enough in a deprth o f 
about 5 km and it is practically horizontal.

In the Carpathian region, where the measurements are under way at present, 
the build of the basement is not known enough as to offer any definite description.

A horizon of 7,0 km/s boundary velocity, denoted as Cx (probably the Conrad) 
could be traced in the interior (Carpathian) basin, in the territory of Hungary only, 
in a depth of 20 km. In the area of the Carpathians and Carpathian foredeep some 
Conrad arrivals have been observed, insufficiently however to produce time-distance 
curves and to plot horizons.

Horizon M lies, in the northern part of the profile (Carpathian foredeep and ejDi- 
Hercynian platform) practically horizontally in a depth of 40 km. Near point 40 
a fault throws this horizon down to 48-50 km depth. Southwards, there occurs 
a gentle rise which, at the boundary of the Outer and Inner Carpathians, ends, and 
horizon M, with a sudden jump, rises to 35 km. The rise takes place along the fault 
of the Peripienninian lineament of 12-15 km throw in the horizon M. This fault 
can be correlated with fault e (Fig. 71), in IP III.

To the south from here, horizon M gently rises to attain 25-26 km under the 
interior of the Carpathian basin (Hungary).

Profile V I  (Fig. 73) of 900 km length starts in the German Democratic Rejmblic, 
goes across Czechoslovakia and terminates in Hungary. Tectonically regarded its 
course, it traverses the Hercynian Saxo-Turingian belt, the Bohemian massif (the 
area of intense Hercynian tectogenesis and the area of the Bohemian Central Range) 
and the Carpathian system (Western Carpathians and Carpathian basin). In details: 
the profile traverses the Central German crystalline trough, the East-Turingian ba
sin, the granitoides of the Erzgebirge, before overriding the Bohemian massif. Here 
it goes across the Doupov Mts., the Barrandian zone, the Kladno-Rakovnik Carbo- 
niferous-Permian basin, the Central Bohemian pluton, the Moldanubicum with 
the Central massif and Tfebic massif ; then the Moravian massif and the Brno massif. 
The Carpathian system, along IP VI begins with the Carpathian foredeep. Then the 
profile traverses the Vienna basin, the Little Carpathians (Central zone*) and ter
minates in the Hungarian Great Plain, i.e. around the middle of the Carpathian 
basin. (Apart from the Nappes pushed far off by compression, here again a doubt 
arises about these Stilleian “ units” , for while IP VI traverses not less than six 
Stilleian belts, the crust gently sinks and not so much as throws a flexure. The rela

* According to the terminology given in Chapter 1 : Inner zone. The Editor.
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tion of detailing and synthesis has ever been a problem in geotectonics. Now, in pos
session of crustal information, it is high time to review certain “ classical”  concepts, 
and tectonic units for that matter; the Editor’s note.)

The crystalline basement, along the profile changes its depth considerably. In 
the Bohemian massif it practically crops out. (According to the Czechoslovakian 
co-authors, the granite layer itself crops out in the Bohemian pluton with a 6,1 km/s 
velocity : the Editor’s note). Maximum sedimentary thickness is encountered in the 
Turingian, Vienna and Carpathian basins. The sedimentary complexes, in the de
pressions mentioned, are of different age. (The Hungarian authors distinguish, 
within the “ sedimentary complex”  of the basin, a Preaustrian, mainly carbonate, 
sequence ranging together with any Preaustrian rocks and participating in con
stituting the basin floor, and a Postaustrian, mainly clastic, basin fill differing from 
the former, lithologically and tectonically as well: the latter is almost horizontal 
and its sedimentation, i.e. the basin’s subsidence is in connection with the thinning 
of the crust; the Editor’s note.)

In the consolidated crust, over the Conrad, numerous seismic boundaries can be 
traced; these, however, do not correlate. The Conrad being likewise sporadic enough, 
no reliable analysis can be given about their structure. Consequently, the interface 
separating the granite, resp. gabbro layer is tentatively represented in the graph ; 
it can be regarded as a possible variety of the interpretation.

The most reliable horizon along the profile is the horizon M. The maximum crustal 
thickness can be met at the junction of the Central Bohemian pluton and the Mol- 
danubicum, in the Bohemian massif: 38 km. This thickness testifies for the Hercy- 
nian mountain chains to have preserved their root up to now. (It seems to be a root 
as compared to the adjacent basins but, actually, this is the normal crustal thickness 
of the platforms; the Editor’s note.) The minimum crustal thicknesses appear in the 
East-Turingian basin (28 km) and in the Carpathian (Pannonian) basin (27 km). 
A relative Moho elevation is under the Doupov Mts., at the margin of the Brno mas
sif. In the Vienna basin no M horizon could be determined. In the vicinity of point 
390 probably a fault throws the horizon down.

A low velocity layer in a depth of 12-17 km deserves attention. It is suggested 
by the character of the velocity vs. depth function based on time-distance curves 
from several shotpoints in the GDR and CSSR. To the same effect contributes the 
relatively low apparent velocity of P q waves in great distances from the shotpoints.

This crustal section is characterized also by deep faults, especially in the Czecho
slovakian section. According to the German co-authors (see Chapter 23) “ the DSS 
data of the GDR section of IP VI are insufficient to cut the crust up into vertically 
delimited blocks” . Still a fault-like indication (a) appears at the junction of the 
Central German crystalline trough and the East-Turingian basin.

The thick crusted slab of the Bohemian massif and of the adjacent units is bordered 
by considerable faulted zones on either side : in the northwest by a fault (b) between 
the Erzgebirge and the Doupov Mts., in the southeast by another fault-system (e, /) 
which is nothing else than the Peripienninian lineament. This is the most definite 
fault zone of this profile.

In the Bohemian massif area also some faults appear revealed on the surface as 
the Central Bohemian suture (c) and the Pcibyslav folded belt (d).

In the southeastern part of the profile, namely within the Carpathian (Panno
nian) basin no evidence for faults has been found, perhaps because of the insuffi
ciently loose coverage. (The mere existence of the basin and the oscillating crustal 
blocks postulate deep faults in the basin’s interior too, the Editor’s note.)
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Summing up the general conclusions of the international profiles just described, 
the following general laws of the crustal structure of the region covered, can be es
tablished. Under the Carpathian basin the crustal thickness varies between 24 and 
30 km. (The latter rarely occurs, thus the average is about 25-26 km; the Editor’s 
note.) The topography of the Moho is even and quiet enough. The thin crusted basin 
area includes the Little Carpathians along IP VI, the Inner Carpathians along 
IP V, their buried continuations in Transcarpathia along IP III, and the northern 
margin of the Inner Dinarides. The thin crust is dominated by the granite layer 
o f  at least normal thickness, the gabbro layer is very thin; here and there almost 
negligible.

Around the Carpathian (Pannonian) basin the crust is considerably thicker every
where, and its faulted structure is more intricate. A possible explanation of this 
pattern will be attempted in the next chapter.
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G E N E R A L  M E T H O D O L O G I C A L  C O N C L U S I O N S

Л7. B. SOLLOGUB*-A. V. CHEKUNTOV*

The last ten years have seen a rapid development of DSS in Central and South
eastern Europe, both experimentally and theoretically. The deep seismic sounding 
acquired the leading role in the investigation of the Earth's crust and upper mantle. 
With the developing DSS, a number of tectonic question-marks have disappeared, 
hypotheses have proved to be inexact, obsolete and needed correction. Before pro
ceeding to these problems, an analysis of the seismic energy fields as observed in 
the region, seems to be timely.

With regards to the kinematic and dynamic parameters and to the lithospheric 
affiliation, the following wave groups of tectonic significance occurred almost 
everywhere in the course of the project:

1) from horizons within the sedimentary complex;
2) from the top of the crystalline basement and from other intracrustal horizons ;
3) from the Mohorovicic (M) discontinuity and some intra-mantle interfaces.

These wave groups physically cover the range of head waves, refracted (immersion) 
waves, reflected waves, waves reflected before and after the critical point, diffracted 
waves, converted waves. In the later arrivals reflected waves, in the first arriv
als refracted (immersion) and head waves dominate.

Wave-groups from the sedimentary complex are mostly well known from reflec
tion and refraction seismic exjiloration (e.g. for hydrocarbons). The characteristic 
features of these groups have been sufficiently detailed in the literature.

The basement, in numerous places, coincides with the top of the granite layer. 
Its boundary velocity is 5,8-6,2 km/s. The wave arising from it is a refracted-immer- 
sion wave, penetrating into the basement characterized by a vertical velocity gra
dient. A wave arising from the basement can be observed in SP distance ranges 
of 2-30 km and 100-140 km depending on the sedimentary thickness and velocity 
distribution of the different areas.

The vertical velocity gradient, in the upper section of the basement complex, 
does not exceed 0,05, and it rapidly decreases with depth. It is a general experience 
that the greater the gradient, i.e. the immersion, the shallower is the basement.

In some regions, especially in the area of young platforms, median massifs and 
intermontane depressions, the distinction of “ granite”  arrivals encounters serious 
difficulties for the kinematic properties of waves from the “ granite”  proper are 
very similar to those from the folded, metamorphic complex (the “ basement”  proper) 
situated between the “ granite”  and the sedimentary cover (Scythian, Moesian plat
form, Carpathian basin).

* Geoph. Inst. Ukr. Ac. Sei., Kiev
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Reflected waves from the granite top are rare enough (Donets basin, Turingian 
basin).

In areas where the sedimentary cover is missing or very thin, besides the mono
type P waves from the granite top, also PSP type converted waves occur, displaying 
a much higher sensitivity towards the petrologic changes of the basement. In such 
areas, at the junctions of igneous and metamorphic blocks petrologically differing 
but of similar velocity, in the amplitudes of converted waves sudden changes appear.

In the areas of shallow basement (Ukrainian shield, Bohemian massif) sub-granite- 
top waves frequently arrive, with a rather intricate pattern. The records reveal weak 
resolving power, and contain long interference sections because of almost simultaneous 
waves of similar velocity, low frequency and many phases. The kinematic identi
fication of the waves is rather uncertain in such cases, which increases the signific
ance of the dynamic parameters in the correlation.

The sub-granite-top interfaces are of 6,3-6,8 km/s velocity. Their distribution 
is apparently at random. In some of the faulted blocks they do not appear, in oth
ers, such an interface sends head waves and immersion waves equally.

A geological correlation suggests these interfaces to separate different types of 
early Precambrian folded-metamorphic complexes, e.g. in the Ukrainian shield the 
early Proterozoic and its Archean basement.

The marking of gabbro waves is mostly conjectural. This is in connection with 
the “ blurred”  character of the gabbro top (Conrad) which is, in fact, a transitional 
zone with no distinct boundary velocity, as a rule.

The Conrad wave is distinct only in later arrivals, usually from 40-60 km SP 
distance on. With increasing distance this wave of 6,8-7,2 km/s velocity, gradually 
changes into first arrival.

The recording interval, the kinematic and dynamic characteristics, and hence, 
the nature of the C wave are d i stancc-d e pend en t. For instance in the central part 
of the Ukrainian shield this is a distinct, intense wave ; at its outset it is a reflected 
wave, then, beyond the critical angle, it obviously changes to a head-wave.

On the other hand, in the NW and SE part of the Ukrainian shield the C wave 
is dynamically “ blurred” , its recording is uncertain, thus, marking and correlating 
it, is not an easy task. Moreover, in the Korosten pluton area C wave fails to appear 
at all. It has been referred to in the previous chapter that the detailed observation 
system on the site excludes methodological defects, the horizon itself is obscure, 
if any.

Thus, in general, the C arrivals range in the “ no” , “ poor”  and “ fair”  domain.
Sometimes intra-gabbro waves arrive as later events. These are usually fairly 

intense, multi-phased, and frequently interfering waves of an apparent velocity 
range of 7,3-7,5 km/s.

Horizon M  is characterized by intense, enhanced reflected waves everywhere, 
except the high Black-sea, in a SP distance range of 60-80 km, resp. 180-200 km, 
i.e. near or beyond the critical point. The head waves of this horizon are dynamically 
uncertain. They appear as first arrivals only, in case of velocity branches longer 
than 120 km (Hungary), resp. 200 km (Soviet Union). Exceptionally, reflected 
and head waves of similar intensity arrive (Transearpathian basin). In the high 
Black sea, contrarily to the regions of continental crust, M head waves prevail, 
and reflections are nil.

The M waves represent mostly a phase-composition characterized by interferences, 
uneven energy distribution, sudden attenuation of one phase, and a likewise sudden 
appearance of another phase. The records are discontinuous and irregular, rendering
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the phase-correlation a very limited one. The time-span of these phase-groups is 
0,5-1,0 sec, and even more. In certain areas (Hungary, Czechoslovakia, GDE, 
Ukrainia) two or more groups can be recorded, separated in time but practically iden
tical in amplitude.

The “ multiple”  phases are connected to the very M horizon. In the Ukrainian 
shield, the reason of this “ multiplying”  is of tectonic background ; it can be ascribed 
to early Proterozoic structural stages.

The M horizon reveals itself, only locally, in simple, definitely shaped, three-four 
phased, intense vibrations.

The differences in the characteristics of M, C, and intra-granite waves suggest 
a considerable diversity o f the intracrustal int erfaces, and especially of the crust/man- 
tle transition. In the occasional cases of distinct boundaries, nevertheless, simple, 
intense, short waves occur. But the much more frequent complicated head waves 
suggest the predominance of another type of the transition.

The “ multiple”  nature of M waves has ever been a matter of disputes. It is com
monly held that the simple deep vibration becomes confused while travelling across 
the sedimentary complex, by reverberations, conversion, etc. The actual material 
at hand, however, suggests that the complicated nature of these deep waves finds 
its explanation in the structural properties of the generating boundaries themselves.

The most convincing examples are, from this point of view, the records obtained 
in the Ukrainian shield and in the Bohemian massif, where both the shotpoints 
and the spreads were located on the naked crystallines. In spite of this, the deep 
(M) waves bore all the earmarks of “ multiple”  arrivals. As a counter-exam pie, series 
of records are at hand, obtained over a thick sedimentary cover, and still they are 
simple and correlatable.

The sedimentary cover can shift phase axes, can interrupt continuous correlation, 
but cannot increase the number of phases, and cannot change the energy distri
bution among the phases.

The basic characteristics of wave-groups depend on their respective generating 
seismic horizons.

A disturbed wave pattern warrants an uncertain boundary. The intracrustal 
interfaces, and mainly the Moho discontinuity, are, in general, not genuine bound
aries, but transition zones. These zones, first of all the zone of the Moho, are com
posed of numerous, sometimes random, layers (reflecting boundaries), the complex 
of which determines the character of the complicated seismic vibrations. The thick
ness of these zones may attain several kilometers ; the thickness of the Moho transi
tion zone may attain as much as 5 km.

A statistical averageing of infra-critical reflections has testified against an (ap
parent) asystematic event, and confirmed the concept of composite vibrations gener
ated by a complex of elementary reflectors.

Anyone can check these statements e.g. on the several kilometers thick exposed 
granite-gabbro “ sandwich”  sequence of the Korosten area. If it were situated in the 
Moho’s depth, it would send the same complicated, multiple, interfering vibrations 
(if excited) as those, described in the foregoing.

This is the reason why the M waves are predominantly reflections, and why the 
principle of group-correlation should be abandoned.

Until п о л у  the generalization of wave pattern has been in mind. The only reasonable 
conclusion of the foregoing discussion is that the next concept should be a differen
tiation of wave groups, plotting each respective reflecting boundary on the paper. 
If so, however, the following difficulties ллч'П be faced:
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1) it is difficult to mark the time-distance curves, in the interference zones, on 
as long a distance as is needed to an accurate section plotting, especially in the case 
of great SP distances (wide angle);

2) in the interference zones, superimposed waves can twist the real phases out 
of shape, bringing two misleading factors in: a wrong velocity value and an 
incorrect time.

I f  wave-groups are sliced into single, long enough waves, a considerable part of 
the information contained by the complex of short time-distance curves escapes 
utilization. One is, namely, entitled to assume that the variations in the number 
of phases (signal time-span), appearances and disappearances of short curve-sec
tions, are all characteristic of a boundary and have some interpretational meaning, 
especially if very detailed geological information is strived at.

Therefore the detailing, differentiating, “ slicing”  method suggested, should be 
completed by ancillary procedures: the marking of the front and rear of the group 
(at least for identical apparent velocities), and the marking of the local appearances 
and disappearances of the individual phases (groups). The criterion of the geological 
significance of these “ wave-anomalies”  is that they be invariant with respect to 
changing shot-distance.

As a result of group-correlation, in final analysis, one obtained a non-existing 
idealized crust with smooth, distinct boundaries. (A simplified model of the Earth’s 
crust has rendered good enough service in the early, rough understanding of the 
tectonic phenomena anyway, just as w4 5 * 7ell as the simple atom-model of Niels Bohr 
did in its time. Data collecting and syntheses are dialectically interspersed in the 
evolution of Science ; one must not forget, however, that syntheses are only spring
boards towards more advanced, detailed ideas; the Editor’s note.)

One of the most important tasks of DSS is to discover the deep faults. To solve 
such a task, DSS is the most adequate method indeed, although it has its limits 
either. The main limit, besides the composite character of deep arrivals described, 
is the slight velocity contrast of the crustal layers. In consequence of this:

1) the resolving power is reduced, for the similar arrivals create long interference 
zones ;

2) horizontal and gentle surfaces are enhanced; while steeply dipping and ver
tical surfaces are suppressed because of the obtuse critical angles (65-80°) belonging 
to small velocity contrasts;

3) graben-like structures, the width of which commensurates with their depth, 
remain hidden (small velocity contrast, great i angles again) ;

4) the seismic “ migration”  is large even if n = — is hardly perceptible, so the
*2

vertical boundaries cannot be located exactly;
5) small faults (under the given dimensions) of, say, 200-300 m throw, are “ skip

ped over” , especially if regarding also the low frequency of waves recorded under 
the usual parameters of crustal investigations.

Besides these limits, there are, nevertheless, direct and indirect criteria to local
ize deep faults. These criteria can be divided into two groups.

The first group hints to the presence of a fault-zone at all:
1) the seismic horizons terminate with or without vertical displacement;
2) diffractions occur;
3) some horizons or single reflecting elements are dip>ping steeply.
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The second group hints to block structure, and to sudden change of physical 
parameters in the transition zone between the blocks:

1) structural change, thickness change, change of the number of seismic horizons 
occur;

2) the physical properties or the nature of seismic boundaries change;
3) boundary- and mean velocities suddenly change laterally, accompanied by 

the changes of other physical parameters : density, magnetic properties, etc.
In consequence of the investigations reported in this monograph, a revision of 

the over-generalized ideas, adopted from seismology, namely that the crust consists 
of three layers: “ sedimentary” , “ granite”  and “ gabbro” , has become necessary.

The homogeneously stratified crustal model, with thick layers separated by sharp 
boundaries of wide extension, should be replaced by a heterogeneous crust of numer
ous thin layers and local interfaces, the local abundance of which constitutes a thick 
transition zone between the more important crustal layers, and especially between 
the crust and mantle.

It has been disclosed that the crust is intricately stratified; it is broken up to 
blocks; some layers are even characterized by a velocity-gradient; the different 
blocks contain interfaces of different number, and velocity differentiation is section- 
wise. All these imply that mainly immersion waves and plenty of reflected waves 
are generated.

The evolution of our views concerning crustal models, has been rendered possible 
by the deep seismic sounding with continuous profiling, yielding full, detailed time- 
distance curve systems, and permitting the gross utilization of the wave-types men
tioned, in determining velocity parameters.

The crystalline part of the crust is slightly differentiated as for elastic properties. 
The velocity or elastic gradients change slightly on boundaries of the first or second 
order.

In several areas velocity inversion has been encountered.
In the possession of fresh, more complete and detailed data, the classical three

layered crustal model shall be modified.
As illustrated in the foregoing with the example of the Ukrainian shield (Kö

rösien, Belozer) the granite-gabbro transition is a mixture of both components. 
The thickness of the transitional zone is varying from area to area. Hence, in tracing 
the gabbro-top, layer velocities are decisive, not boundary velocities.

In the Transcarpathian basin at the gabbro bottom, just above the M horizon 
granite velocity has been observed. The importance and world-wide validity of 
this phenomenon cannot be sized up at present, for the determination of an inversion 
meets several methodological difficulties. Such inversion could be missed on several 
areas already investigated. (Geothermal considerations suggest the crustal bottom, 
in the Carpathian basin of which the Transcarpathian basin is the marginal part, 
to be overheated. The heat lowers the seismic velocity. The question involuntarily 
arises, whether the “ granite velocity”  of the Transcarpathian gabbro bottom does 
not mean an overheated layer? the Editor’s note.)

Based on these considerations, the “ gabbro layer” , with its petrological and 
geometrical implications, should be modified, although it is beyond doubt that in 
the lower part of the crust the basic components dominate. The crustal structure 
is more complicated than hitherto thought. The crust is composed of a rather capri
cious interchange of acidic and basic media. The Conrad discontinuity characterized 
by 6,6-7,2 km/s, should be regarded as a horizon enveloping the lower, predomi
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nantly basic, part of the crust, but not necessarily as a coherent shell all around 
the Globe.

In spite of all these restrictions and definitions, the terms “ granite” and “ gabbro” 
as well as the terms Conrad and Moho discontinuity, are still suggested to be main
tained, for these terms express well the necessary generalization, and without them 
the results of different areas could not be compared.

The complicated nature of the crust, as described in the foregoing, ties the com
plete information to detailed, continuous, correlatable observation systems.

Point source observations and point recordings, in general, cannot substitute 
the continuous profiling, for they yield sketchy results and their key waves are, 
almost without exception, in connection with the M horizon only.

In the case of point observations the only correlation factor is (in the expected 
time range) the amplitude. Its exclusive use, however, leads to serious errors.

Even if the time range is all right, and the arrival correlated is really a Moho 
arrival, the phases still can shift to and fro for Moho arrivals, as mentioned, consist 
of several jjhases of identical parameters, and the number of phases is variable 
from area to area.

Error will be introduced also by the use of constant velocity, which neglects the 
effect of the ray-path by using the same value in 100 or in 180 km distance.

Point observations give a rough idea about the crustal structure investigated. 
They are justifiable in the initial, reconnaissance stage of a crustal survey, or in 
a very rough terrain.

Point observations can be combined with continuous profiling to obtain a bulk 
of data outside the profiles too, and to determine M boundary velocity from time- 
distance curve fragments of head waves in very large distances from the shotpoints.
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An analysis of the DSS results lias shown that the main tectonic units of Central 
and Southeastern Europe somehow correlate with the structure of the Moho dis
continuity. The amplitude of the relief of this discontinuity is about 40 km. The 
maximum depths (55-65 km) have been found under the Outer Carpathians, Cau
casus and under the early Proterozoic denudated mountains of the Ukrainian shield. 
The minimum depths (18-24 km) have been observed under the Black sea depression 
and under the Carpathian basin.

The amplitude of horizon M is twice as great as that of the top of the consolidated 
crust (plus 3-minus 17 km) and four times greater than the amplitude of the present 
continental surface of the Earth.

The material at hand is insufficient to construct a contour sketch of its relief all 
over the entire region. Only Hungary and Ukrainia have been covered so densely 
as to enable the authors of the respective national chapters to prepare such maps.

In spite of the lack of a uniform overall contour map, a qualitative attempt will 
be made to characterize the units of the region. Accepting the arbitrarily chosen 
value of 35-40 km as normal continental crustal thickness, any crustal block thinner 
than this will be denoted as “ thin” , while that whose thickness exceeds the normal 
value, will be regarded as “ thick” . In what follows we shall point out the tectonic 
significance of this natural classification.

The following areas can be regarded as thick crusted: the Dinarides, the Outer 
Carpathians, the Crimean Highlands, the Caucasus, and the zones of early Protero
zoic orogeny in the Ukrainian shield, with their northward (Dnieper-Donets basin, 
Voronezh massif) and southward (Black sea northern foreground) continuations. 
The latter are exceptions, for all the rest of the areas belong to the youngest orogenic 
belt, raising at once the question: how- the root of an early Proterozoic range could 
survive up to this day?

The first peculiarity of the crust of the Ukrainian shield is the M horizon’s extra
ordinarily undulating relief itself. The crustal bottom forms, mostly NE-SW striking, 
fault-bordered uplifts and troughs. The depth varies between 30 and 54 km. This 
amplitude of 24 km has ever been regarded as improbable in the areas of Pre-Riphean 
consolidation. The deep structure fairly well correlates with the near-surface tec
tonics. The thick strips of the crust (the roots) correspond to the early Proterozoic 
Krivoi Rog and related folded zones, the thin strip corresponds to the median massif 
of Zaporozhe inbetween.

* Geoph. Inst. Ukr. Ac. Sei., Kiev
** Lomonosov University, Moscow
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The remnants of the Krivoi Rog type structures are represented by a series of 
synclinoria, filled with 5-10 km thick metamorphosed sedimentary and igneous 
rocks. These structures are narrow and they are separated by domical uplifts of 
granite-gneiss complexes (migmatites).

Their roots, however, are much broader than the surface projections. Over a 
single root, several early Proterozoic negative and positive tectonic elements are 
developed.

So can dee]) sounding help to solve the problems of the surface geology, e.g. the 
affinity of the individual geosyncline systems of the Krivoi Rog folded belt.

The discovery of the preserved roots of the Pre-Riphean ranges in the Ukrainian 
shield is significant in judging the mechanism and tectogenetic implications of 
isostasy.

There arises the question (among others) again that how could early Proterozoic 
roots survive up to the present day? What kinds of thermodynamic conditions 
have prevailed during the 2-3 billion years of their existence ? What physieo-ch end cal 
parameters have ever characterized the mineral paragenesis and petrologic com
position of the crustal bottom and mantle top?

The answer to these questions would require a theoretical and experimental re
search comparable in grandiosity to the one reported here. But now, one had bet
ter go on with the comparative analysis, resorting to the data at hand.

The crustal thickenings in connection with the early Proterozoic orogenic uplifts 
mentioned, are probably present also on the western part of the Ukrainian shield. 
Another, similar, thickening can be observed in the vicinity of Lvov. To the south 
from this area, an ancient root reaches IP III which traverses it in the Carpathian 
foredeep and in the outer Eastern Carpathians. It was already mentioned that here 
apparently two Moho-s appear. The lower one is rather deep (60-G5 km) and forms 
as broad a root as includes not only the Carpathians (with the foredeep) but also the 
adjacent marginal part of the ancient European platform. The upper Moho can 
be traced in a depth of about 45 km and apparently represents another, shallower, 
root.

In all the other places where the Carpathians are traversed by DSS profiles (IP V 
and VI ; NP 18, SU ; PSO, Roumania) the crustal thickening does not exceed 45-48 
km. So, one can assume that the “ two storeyed’ ’crustal build occurs along IP III 
only, where NE-SW striking early Proterozoic (lower) and SE-NW striking AI pine 
(upper) roots are piled up. Clear, distinct, exclusive “ Alpine”  root has been indicated 
in IP V and VI. (In the site of the latter IP-s, there might as well have been early 
Proterozoic geosynclines, which had been broader and more abundant than the 
later ones anyway, in fact, almost omnipresent. The “ lower”  root, wherever encoun
tered, might as well be some intra-mantle interface; in the Carpathians: perhaps 
the LVL itself, especially if regarded that it sends reflection arrivals, and its depth 
in the basin has been determined by MT soundings as 60-80 km; the Editor’s note.)

Double or multiple M horizons should be regarded as marks left by upward shifts 
■of the Moho; one might say: “ fossil” Moho-s. The physico-chemical process having 
brought the shifts about is not clear as vet. Anyway it has had to change a part of 
the crust into mantle material or vice versa. I f so, the process must haven taken 
place abruptly, otherwise the physical discontinuity would have completely disap
peared, without any mark left. The process can by no means be explained exclusively 
by the gabbro^ eclogite elementary phase transition, but some more complex 
process should be assumed in the multi-component mineral paragenesis of the 
crust/mantle transition zone.
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Along IP III the Dinarides have a root of the same size as the “ nper”  one of the 
outer Eastern Carpathians (about 45 km). To the northwest from IP III, along the 
Yugoslavian NP, the Dinarian crust is 52 km thick. Relatively small roots have 
been observed under the folded system of Dobruja (Roumania) and under the 
Erzgebirge (in the frontier zone of the GDR and Czechoslovakia). In Hungary under 
the outcropping Preaustrian basin-floor block of the Bakony Mts. (Transdanubian 
Central Range) also a slight crustal thickening occurs.

The early Proterozoic roots (the mantle depressions as compared to the adjacent 
structures) are 10-20 km deep; the Hercynian ones are 3-5 km deep; the Alpine 
ones 5-15 km deep, in the region.

The i/ww-crusted areas are mainly median massifs and intrageosyncline synoro- 
genic depressions (the Zaporozhe massif, the Moesian platform, the Carpathian 
basin, the Black sea depression, etc.). The crustal thickness of these areas is 20-30 
km. While crustal thickening is mainly connected to mountains, most of the basins, 
resp. plains are thin-crusted. (It was discussed in the Bulgarian national chapter, 
that the Bulgarian scientists do not regard the Moesian platform as a median massif. 
As a matter of fact, it is not thin-crusted either, but normal crusted: 30-37 km. 
On the other hand, the Turingian basin would deserve mentioning with its 28-30 km 
thick crust, and it is an intraplatform depression. The Bohemian massif, even if not 
a “ median”  one, is a massif all right ; and it is thick-crusted in the terms of the 
present authors. All these mean that the region, even with its enormous size is too 
small, and the time is too early to draw rigid conclusions about crustal and surface 
tectonic interrelations; the Editor’s note.)

Between crustal thickness and surface topography, or between granite-top and 
Bouguer anomalies, there is no overall and strict correlation. (As a matter of fact, 
in global dimensions, there is some rough anticorrelation between surface topography 
and mantle relief. See e.g. the oceans and young mountain chains, as extreme cases ; 
the Editor’s note.) Their interrelation is intricate and it is characterized by intense 
scattering on wide areas. And although under basins the M horizon is mostly elevated, 
under mountains it is mostly subsided, there are areas where the case is just the 
opposite, or no interrelation can be observed at all between near-surface and deep 
structures.

The deep seismic soundings have confirmed that the crust is variable : vertically 
stratified, horizontally cut up to blocks. The boundaries between layers gently un
dulate, here and there they are disturbed by zones of faults of sometimes several 
kilometers width. The faults traverse either the entire crust or a part of it only. 
The pattern of the faults is regular. The dip of the fault zones changes from the 
vertical to about 20°.

The crustal blocks separated by the fault zones, have some individual independence 
revealed in physical parameters (elastic properties, density, etc.) as well, as in geolog
ical, resp. tectonic history. This refers not only to mega-structures but also, to a 
certain extent, to minor intra-block elements.

The most important deep faults (sutures) in the region are the following: between 
the Bohemian massif and the Western Carpathians, between the East-European 
platform and the Eastern Carpathians, between the Outer and Inner Carpathians, 
between the Dinarides and the Carpathian basin, between the East-European plat
form and the Scythian platform, between the Hercynides of Dobruja and the Bai- 
kalian hörst of the northern part of the Moesian platform, between the Scythian 
platform and the Crimean Highlands, between the Crimean Highlands and the 
Black sea depression.
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An interesting and characteristic example is the largest deep fault, which separates 
the Outer and Inner Carpathians. This fault is denoted in the literature as Peripien- 
ninian lineament, and so it has been referred to several times in the foregoing. This 
fault spreads from Vienna, across the Czechoslovakian, Polish and Soviet Carpathians, 
to as far as Roumania. Its length is about 550 km.

In the near-surface part of the crust, the Peripienninian lineament is represented 
by a relatively narrow faulted zone of overthrusts and cliffs of Mesozoic, mainly 
Jurassic, carbonates (Pienninian zone).

The deep) structure of the crust hitherto has been studied in three profiles, along 
this fault. IP VI traverses this lineament at the western termination of the Car
pathians where it separates the Zdanice Plysch from the metamorphites of the Little 
Carpathians. Here the fault traverses the entire crust and penetrates into the mantle 
altering somewhat the dip of the latter’s surface. To the northwest from the faidt 
under the Carpathian foredeep and the Outer Carpathian Flysch-belt, the crust is 
thicker than to the southeast, under the Inner Carpathians and the basin.

The pattern is actually identical, but even more expressed, in IP V. Here, to the 
south from the lineament, under the Tatras (Inner Carpathians) and the Carpathian 
basin the crust is considerably thinner (28-30 km) than under the northern Outer 
Carpathians (48 km). Horizon M is displaced vertically about 15 km along the fault.

In the Soviet (Eastern) Carpathians, along IP III, the vertical displacement of 
horizon M along the fault of the lineament is about 20 km. The crustal thickness 
is much greater here under the Carpathian foredeep and Outer Carpathians (50-65 
km) than under the Inner Carpathians (27-30 km) buried, just along the profile, 
under a thin Neogene Molasse of the Carpathian (Transcarpathian) basin.

The regularity emerging from the description is that the Peripienninian lineament 
borders from the NW, Ж and NE the thin-crusted area of the Carpathian basin, 
the floor of which used to be a median massif. The marginal parts of this hetero
geneous massif entered the adjacent orogeny, elevated, and now they are on the 
surface in the structures of the Inner Carpathians.

The fact that the crust, under the Inner Dinarides is likewise thin, together with 
the character of faults, suggests an analogy with the Inner Carpathians and its tec
tonic history.

The Carpathian basin, the Moesian platform and the Black sea depression, within 
the Mediterranean folded belt, form a thin-crusted zone of thinned granite and/or 
gabbro layer. This zone arbitrarily can be denoted as Pannonian-Moesian-Euxinian 
(Pontus Euxinus = Black sea) geo-block. This block continues westwards in the 
Alpine central zone, eastward in the northern Transcaucasian area. The marginal 
parts of this heterogeneous, but, on the whole, mainly Baikalian basemented geo
block, took part in the orogenic uplift of their respective adjoining folded systems 
(Outer Carpathians, Outer Dinarides).

The formation of superimposed geosynclines in some areas (e.g. in the Southern 
Carpathians) has divided the Pannonian-Euxinian geo-block into separate units.

The structural contiguity of this thin-crusted zone is emphasized by the series 
o f  huge deep faults of identical type bordering it in the north : the Peripienninian, 
the Dobrujan (Kamen-Pecineaga) and the northern Black sea faults. To the north 
from these faults the crust considerably thickens everywhere : the horizon M is verti
cally displaced along faults of 10-20 km throw. These faults separate early con
solidated massifs from younger—Kimmerian, Alpine—folded belts. It is possible, 
however, that the faults do not form a continuous system but join en echelon or 
otherwise.
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The throw and tectonic “ vivacity”  of the faidts, bordering and surrounding the 
Pannonian-Euxinian geo-block in the north, is much greater than those of its 
interior faults. (The authors themselves confess that the “ Pannonian—Moesian- 

! Euxinian geo-block”  is divided up into separate parts e.g. by the Southern Car
pathians. Really it is, especially if also the Transylvanian part of the Carpathian 
basin is regarded. The Moesian platform is not thin-crusted, but normal crusted and 
both its evolution and its present tectonic setting fundamentally differs from those 
of either the Carpathian basin or the Black sea depression. The Carpathian basin, 
on the other hand, fundamentally differs from the Black sea depression in that the 
former’s consolidated crust is predominantly granitic while that of the latter is almost 
completely gabhroide. There may be formal parameters in which they are somewhat 
similar, but their fundamental crustal differences, as shown just by DSS, suggest a 
fundamental difference in their evolution and tectonic situation. And if this “ geo
block” indeed continues in the Central Alps, it loses its most important criterion, 
the thin crust, for the Central Alps are Very thick crusted; the Editor’s note.)

Similarly large and active used to be the ancient NW-SE striking faults of the 
Ukrainian shield (Odessa, Krivoi Rog-Kremenchug, etc.), discussed in the foregoing 
in details.

The crustal differences in the region as well as everywhere, are brought about by 
the different evolution of the individual units. In the process of evolution the relief 
of the main crustal interfaces, the thickness of the crustal layers and of the crust 
itself, and the physical parameters of the individual blocks, etc., considerably alter. 
The alterations are not at random. Scanning over the Earth’s history one can notice 
a gradual alternation of genetically coherent structures in regular evolutional trends.

The present authors suggest two main kinds of the evolutional trend. The first is 
oceanic crust —geosyncline belt — epigeosyncline orogenic belt— continental crust. 
Through this process the crust thickens and its structure becomes complicated (pro
gressive or constructive process). The second is: continental platform (crust)—epi- 
platform orogenic belt —rift zone — “ secondary”  ocean. This second process brings 
crustal thinning and simplification about (regressive or destructive process).

If crustal structure is analysed in terms of evolutional trend, conclusions can be 
drawn referring to the transformations of the crust during tectogenesis.

The structures of the region can be aligned into a regular genetic array (Fig. 74): 
stabile ancient (East-European) platform — aulacogene and other linear depressions 
of the platform (Dnieper-Donets, Indolo-Kuban) — parageosynclines (Donets basin) — 
epigeosyncline orogenes with foredeeps (Caucasus, Carpathians, Great Krivoi Rog, 
etc.)—intrageosyncline superimposed depressions of the orogenic cycle proper (Car
pathian basin, Black sea depression).

The continental slabs, undergoing the nucleus, then the geosyncline stages re
present, in fact, a progressive trend in the crustal evolution. In the next step, first 
o f all in the epochs of the great “ revolutions”  the slabs break up, accompanied by a 
regeneration of geosyncline conditions. This process starts with the subsidence of 
intraplatform trough-like depressions: the aulacogenes. The aulacogenes are rather 
similar to the geosyncline troughs. This is the confirmation of the first two links of 
the evolutional chain described.

The third link is the Donets basin representing a transitional structure between 
platform (aulacogene) and geosyncline. The Donets basin shows a number of geosyn
cline parameters : thick sedimentation, intense disturbances, inversion in the final 
stage, epi-metimorphism, igneous activity, etc. It is, nevertheless, not a typical geo
syncline proper : geosyncline type deformations are missing, the metamorphism, as
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referred to, is weak, the final ivplift is of little intensity, the basin has no foredeep, 
and it is short o f typical Molasse formations.

Now, the “ genuine”  geosynclines, or more exactly: the autochtonous orogenes 
follow, with their foredeeps. To this link belong the Caucasus, the Alps, the Car
pathians, etc., further the early Proterozoic geosyncline area of the Great Krivoi Rog. 
In the latter, now no mountains exist, but, as mentioned, the crust strikes a root into 
the mantle, characteristic of mountain-chains. (It is very disputable to range an 
early Proterozoic unit among Alpine units just because of its thick crust. The thick 
crust is not the only criterion of a mountain-chain, and not only mountain-chains 
can be thick-crusted. Moreover, a platform region may be of thicker crust than a 
mountain-chain ; e.g. the crust of the Plains region in Canada, or that of the Basin 
and Range Province in the USA, is sometimes thicker than that of the adjoining 
Rockies or Sierras. The correlation of crustal thickness to near-surface structure 
offers a statistical rule only, and by no means a law of Nature; the Editor’s note.)

The series of evolution terminates with intrageosyncline superimposed basins, 
coming into existence in the final, orogenic stage of geosynclines. These basins are 
usually of considerable extension and they are situated on the site of median massifs, 
and of the adjacent inner parts of pre-orogenic geosyncline zones. As examples, the 
Carpathian basin and Black sea depression can be mentioned.

It is worthwile to analyze, what changes has the crust undergone during the 
gradual evolution of the series in question.

Large areas of the SE part of the East-European platform are characterized by 
simple crustal structure. The DSS has indicated in the crustal horizons gentle dips 
only, towards the fore-Caspian basin. The basement is 4 km, the Conrad is 20-23 km, 
the Moho is 30-39 km deep. It is beyond doubt that this is a stabile, ancient plat
form, where the deep horizons are compensated and quasi-plane surfaces. This 
section may as well serve as starting-point for the further considerations of geo- 
structures.

In an aulacogene the crust is thinning and thick sedimentary cover settles above. 
Ti e depth of horizon M under the Dnieper-Donets aulacogene is altogether less than 
under the Ukrainian shield and the Voronezh massif. The basement and the Conrad 
are subsided; the granite, and especially the gabbro layer, have thinned out.

Crustal thinning has taken place in the Indolo-Kuban suture-like depression, 
too. This depression's structure is similar, in many respects, to that of the aulaco- 
genes. The elevation of horizon M is about 5 km. The crust is accordingly thinner 
than in the surroundings. Here, however, while the basement is deep (6-8 km) the 
Conrad is elevated, consequently the granite thickness is considerably (by about 
6 km) reduced. The thickness of the gabbro is practically unaltered.

The next evolutional step of the crust, namely the transformation from platform 
to geosyncline, can be illustrated with a section traversing the intra-cratonic geo
syncline of the Donets basin. The sedimentary thickness here exceeds even that of the 
Dnieper-Donets aulacogene, it is 15-18 km. At the crustal bottom, under the central

ч----- -
Fig. 74 The evolution o f  crustal mega-structures (twofold exaggeration)
Л the East-European platform; В  the Dnieper-Donets aulacogene; C  the Donets basin; D  the Greater Can- 
casus; E  the Indolo-Kuban depression (foredeep); F  the Great Krivoi Rog; G the Carpathian basin; H  the 
Black sea depression
1 intracrustal horizons; 2 sea water; 3 sedimentary complex (here, including the young basin fill o f the Car
pathian basin); 4 the granite layer; 5 the gabbro layer; 0 the Conrad; 7 the Moho; 8 faults; 9 earthquake 
lo c i ; 10 synclinoria of the Ukrainian shield
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part of the depression, an embryonic root appears. It is not excluded, however, 
that this root is a relict of an early Proterozoic structure having traversed the present 
site of the Donets basin almost dipwards. If this were the case, the Donets basin 
could not be regarded as an independent “ link”  in the evolutional chain.

The formation of a root comes to an end in the orogenic cycle of evolution, as shown 
by profiles traversing the Carpathians, the Dinarides, the Caucasus and the Great 
Krivoi Rog. The examples presented show that the most characteristic feature of the 
geosyncline evolution, namely the inversion, is accompanied by substantial crustal 
changes, of which, after all, the most important is the inversion of horizon M. (Most 
authors believe that the formation of a root is the very first step in the geosyncline 
evolution. If it were not so, the term “ inversion”  would lose its meaning, for it 
refers to the stop of the subsidence of the crustal bottom, resp. to the start of its 
re-elevation. The existence of the roots under the present mountain-chains means, 
that the re-elevation could not attain the original position for the surface trough 
had been, in the meantime filled up with different rocks, which, because of the 
crustal elevation, had to rise high above the surface to form mountain-chains. The 
size of the root is proportional to the volume of the mountain-chain and to the density 
contrast between crust and mantle. This concept assumes the geosyncline formation 
to be an active process of the mantle, guided from below, from the mantle. As soon 
as the active process stops working, the geosyncline finds itself isostatically un
compensated, and starts to attain passively, isostatically its due equilibrium, corres
ponding to the new mass distribution. This is the inversion. The authors, however, 
advocate an exclusively passive formation of depressions, and do not distinguish 
between basin-type subsidence and geosyncline-type subsidence, as betrayed by 
the next sentence; the Editor’s note.) It must be noted that during the formation 
of the structures of the evolutional series in question, the movements of the top, 
resp. of the bottom of the consolidated crust were being antithetical : the subsidence 
of the surface of the basement was accompanied by the elevation of horizon M, and 
vice versa.

The crustal layers, during the geosyncline evolution, underwent the following 
changes.

1) In the initial stage, along with the general thinning of the crust, the sedimentary 
thickness rapidly increased together with the downwarping of the surface of both 
the granite and the gabbro layer.

2) In the final stage the total-thickness of the crust has considerably increased. 
The sedimentary complex became dislocated, metamorphosed and intruded by 
granite intrusions. In the case of the Donets basin, the very thick sedimentary com
plex suffered tectonic stresses and became prepared to join the granite layer. 
It could not join it, however, because of the low degree of metamorphosis, and be
cause of the lack of granitization.

In the orogenic cycle, when the intrageosyncline superimposed depressions came 
into being, the thickness of the crust became considerably reduced. The crustal 
thickness in the Carpathian basin is altogether 24-26 km, only locally 29-30 km. 
It is known that on the site of the present basin, previously Baikalian, here Paleozoic, 
there Mesozoic folded structures had been situated, summed up, in general, as Pan
nonian median massif. Crustal thickness then, beyond doubt, must have been 
considerably geater than now, consequently, the re-arrangement of the crust in 
this area, at least on its marginal parts, has taken place geologically quickly, and 
not very long ago. In the Black sea depression, crustal thickness is likewise reduced,
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in the middle of the deep water basin, here and there it even does not attain 20 km.
The thinning of the crust has been accompanied in both basins by the thinning 

o f the granite and gabbro layers and by the accumulation of thick sedimentary 
complexes. In the Carpathian basin especially the gabbro thickness has been reduced, 
in the sub-oceanic Black sea depression the granite layer thinned out almost to the 
degree of disappearing.

Comparing the initial and final links of the evolutional series dwelt upon so far, 
one finds that a regressive or destructive process is at hand: a gradual transforma
tion of a continental platform into a sub-oceanic type structure.

Continental platforms can change into sub-oceanic basins even if skipping the 
geosyncline stage, e.g. in the following order: aulacogene-*intraplatform taphro- 
geosyncline (Red sea) -► sub-oceanic basin of the Black sea type. In this case, the 
thickness-reducing and structure-simplifying destructive processes work uni-direc- 
tionally, without any conqilication whatever.

The end result of the process is not necessarily a sub-oceanic basin. On the contrary, 
more frequently ordinary mountain-structures come into being, turning later to 
peneplains and young platforms.

If skipping the stage of the intrageosyncline superimposed depression formation, 
the platform, having undergone the geosyncline stage, becomes a platform again.

There are as many hypotheses as there are different approaches to the cause and 
way of crustal deformations. Some authors prefer vertical movements, others horizon
tal movements, others again let them operate alternatingly. The essence is that 
affected by endogenic and cosmic forces, the crust and mantle undergo several 
changes. The contradictory opinions indicate that, as a matter of fact, our factual 
knowledge about the crust and mantle is very meagre as yet.

There can be suggested no decisive general conception to explain the intricate 
tectonic processes. For this reason a brief summary of different opinions will be 
offered hereafter and a uniform conception is left for the further investigations of a 
technically advanced future.

One of the authors (S . I. S u b b o t i n ) is  of the opinion that the main reason of the 
formation of tectonic elements can be found in vertical movements, generated by 
processes in the upper mantle, in a depth of 100 km order. Such processes may be 
material changes of the state, or polymorphic, nuclear and chemical changes generated 
by geodynamical and thermo-elastic stresses. The cause of these additional stresses 
is the change in the rotational velocity of the Earth, the zones of concentrated stress- 
fields being determined by the uneven build of the mantle and crust.

The concept of the compression and expansion of a certain bulk of material in the 
mantle, is not new. Throughout several discussions and contributions has this concept 
developed (e.g. A r k h a n g e l s k i y ,  1937; B e l o u s s o v , 1941; and several western 
authors). It has been assumed, e.g. that young depressions are brought about by a 
compression of the material in the deep regions ( L u s t i k h - M a g n i t s k i y , 1963). 
The foundation of these and similar ideas is that in depressions positive gravity 
anomalies occur, although the light basin fill would require negative ones. The reason
ing is that under basins a compact material is situated, and the process of compaction 
itself is the reason of the formation of depressions. On this track, S. I. Subbotin has 
worked out an idea thought to be usable in interpreting the crustal data at hand, 
of the region.

The general idea of tectogenesis is the following. The material of the solid shells 
of the Earth, in consequence of pressure from above and resistance underneath, 
is under ambient geo-static stress. Pressure and temperature increase with depth, thus
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certain materials get under thermodynamic conditions very near to allow poly
morphic, nuclear, chemical and state changes.

The observable continuous and abrupt changes in the Earth’s rotational velocity, 
or a re-arrangement of thermal energy may change the thermodynamic conditions, 
and increase or reduce pressure, resp. temperature. Hence, in local cells of certain 
shells, thermodynamic conditions may bring polymorphic or other transformations 
forth together with a change in the volume of the material. Increasing pressure re
duces the volume and vice versa. The measure of volume variations varies between 
one per cent and several times ten per cent.

Such changes are most probable in the upper mantle, and they are the main cause 
of tectogenesis.

Deep faults come into existence at the contacts of compressed and expanding 
deep material. A deep fault consists of three, genetically coherent, parts. At the 
compression-margin, in a narrow contact zone, the mantle material weakens and 
becomes mobile. Just over the compression zone at the margins of the subsiding 
complexes of the upper mantle, a likewise narrow, near-vertical zone conies into 
being, with opposite strains and transform deformations. Still upper is situated the 
zone of crustal fracturing, transmitting the deep fault to near-surface level, in the 
form of a faulted zone.

The formation of a magma chamber is likewise in connection with the formation 
of depressions. In the initial phase of the abyssal appearance of the additional geo
dynamic and thermo-elastic stresses, the initiated compression and polymorphic- 
transition of mantle material result in a slight downward displacement of the higher 
mantle-shell. The strains in the upper regions create a so-called “ arc-effect” , i.e. 
a zone of lower pressure. The latter reduces the thermal capacity of the mantle- 
material and raises the thermal level. The pressure reduction is accompanied by the 
lowering of the melting point. This leads, in the first place, to a melting of components 
of lower melting point if not of the entire mantle material. So comes into being the 
magma chamber in the topmost vault of the mantle, affecting, under proper condi
tions, the crustal bottom, too.

Now an attempt will be made to apply this concept to elucidate the conjectural 
formation-mechanism of some units of the region, starting with the sub-oceanic de
pression of the Black sea, and, based on seismic data, assuming a three-layered 
crustal model, which is, by the way, indifferent.

In the initial stage of the basin formation, the suberustal process passes off just 
so as described in the foregoing. The depression in question is of great amplitude, 
so the magma-chamber will be, both horizontally and vertically, of considerable size. 
It can melt-in the entire gabbro, a part of the granite layer, and can inject even the 
topmost unmelted part.

In case of a monotonously layered crust (elastically too) the magma chamber 
spreads over the crystalline conqjlex and basic, ultrabasic magma intrudes into the 
crystalline top, moreover, into the sedimentary bottom.

The system of deep faults described in the foregoing comes into being, and a part 
of the crust subsides to form a depression. The same faults and other fissures give 
vent to the lightest liquids and gases. Thus, if the magma had been earlier acidized 
through assimilation (of granite), its basic nature will be now partially or entirely 
recovered.

When the re-consolidation takes place, the mantle material regenerates and the 
saturated granite displays the physical parameters of the gabbro.

This is the reason why, in the Black sea depression, there is no granite (it had
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turned gabbro), and the recent gabbro is practically directly overlain by sediments.
Gravity calculations and comparative interpretations have shown that the 

positive anomaly pattern of this region can partly be ascribed to the elevated mantle, 
partly, however, to subcmstal compaction. The entire process described is respons
ible for the peculiar build of the crustal type in question.

Apparently, similar mechanism operated at the birth of the deep water Mediter
ranean, of the southern Adriatic sea, and of the Carpathian basin.

In the Carpathian basin the crust is almost as thin as in the Black sea depression: 
25-26 km in average. The granite, however, is at least of normal thickness: 10-18 km, 
and the gabbro is of reduced thickness: 3-6 km.

It is assumed that in the Carpathian basin, the magma chamber of the initial 
stage had spread over the gabbro-bottom only. The granite was not even injected. 
The formation of the basin and the crustal evolution, however, had been subject, 
here too, to the same rules as in the Black sea depression. The accompanying pheno
mena were qualitatively identical, with quantitative differences only.

In the Dnieper-Donets basin the initiating process was, in all probability, iden
tical with those described in the previous cases. Moreover, also the marginal faulting 
and the ascension of the magma were similar. Thus came a sedimentary-volcanic 
complex into existence. The fact that the Moho relief is antithetical with the Conrad 
and the basement relief, and, consequently, the gabbro thickness is reduced in the 
central area, suggests, ad analogiam Black sea depression, a magma chamber at the 
mantle-top. (An analogy with the Carpathian basin woidd seem much more con
vincing; the Editor’s note.)

The complication lies in the slightly expressed nature of the aulacogene, in the 
Moho relief. The opinion is that the early Proterozoic eastern Ukrainian crust has 
suffered slight changes ever since.

The peripheral crust, in the surroundings of Chernigov and to the south from 
Kharkov is more complicated than that of the central part of the aulacogene.

A somewhat different concept has been developed by K h a i n  (1964), M i l a n o v s k i y  
(1965), M u b a t o v —N e p r o c h n o v  (1967) and C h e k u n o v  (1968) about crustal evolution, 
especially in the Black sea depression and in its Mediterranean tectonic equivalents. 
In this concept horizontal crustal stretching and thinning are assumed.

An important prerequisite of the formation of these depressions had been that 
their site used to be, for a long time, occupied by active enough uplifts.

The uplift of the median massifs must have led to a denudational thinning of the 
granite layer. The uplift was accompanied by volcanic activity from intracrustal 
pockets, further, by a metamorphic regeneration. Basic sillicates ascended the sur
face and the crustal bottom became poorer in these components. Consequently, 
the crust, as it can be seen in shields and ancient median massifs, became thinner 
and more basic. This process “ paved the road”  to further rift formation and oceaniza- 
tion.

The formation of the Carpathian basin is assumed by Chekunov likewise to be due 
to horizontal tensional stresses, determined by upward convection currents in the 
mantle. This explanation, which is somewhat similar to an earlier concept of SzÁ- 
d e c z k y - K a r d o s s  ( 1966), is based on the following facts.

Horizon M is the deepest under the Outer Flysch belts and foredeeps of the Car
pathians, and its depth gradually decreases towards the interior of the basin to 
reach the minimum value there. (At the Outer-Inner Carpathian boundary, abruptly, 
then slowly, gradually ; the Editor’s note.)

Horizon C is the deepest under the Carpathian foredeep (IP III).
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The granite layer (the surface of the basement) is the deepest under the central 
zone of the Carpathian foredeep.

The main discontinuities of the crust, in the Volhvnian-Podolian platform and 
in the Carpathian area are practically parallel.

The main marginal faults at the East-European platform junction dip northeast
wards slanting under the platform.

The main faults in the Outer Carpathians dip towards the basin’s interior.
The Carpathian uplift, the foredeep’s and the basin’s subsidence were synchronous 

in the Neogene.
The Outer Carpathian Flysch complexes became imbricated, overthrusted with 

outer vergence ; the degree of overthrusting increases dipwards proceeding towards 
the foredeep.

The subsidence of the Carpathian basin was accomj)anied by intense, predominantly 
basic volcanism ; at the same time magmatism is not characteristic of the Flysch 
Carpathians and the foredeep.

Heat-flow in the Carpathian basin is about 2-2,5 times greater than in the Car
pathian foredeep where it is of low value. (Heat-flow values published for the basin 
area are completely unreliable for the basin fill is full of circulating hot waters, thus 
convective heat transfer is predominant. Conductive terms are undeterminable, includ
ing heat-flow. No conclusions can be drawn from “ heat-flow”  values; the Editor’s 
note.)

The data enumerated, in Chekunov’s opinion, can be satisfactorily explained by 
intracrustal tensional stresses arisen from subcrustal convection. It can be assumed 
that the current, under the Carpathian basin, ascended, then flew away in the 
direction of the Western, Eastern, Southern Carpathians and the Dinarides.

■The outer margin of the folded arc of the Carpathians, where the minimum heat- 
flow values have been observed, would correspond to the downward stream of the 
convection cell. The convection currents might have brought about tensional stresses 
in the crust, causing in the Neogene, the formation of extensive superimposed de
pressions on the site of previous Baikalian, Paleozoic, and—locally—Mesozoic folded 
structures. Tangential (tensional) stresses are not excluded in the earlier phases of 
the evolution of the Pannonian median massif (italics mine; the Editor). An ascend
ing high heat-flow is testified by the Hungarian and Soviet Transcarpathian 
observations. The stretching, accompanied by the subsidence of the basement, result
ed, obviously in the fracturing of the crust and in the development of zones of low 
pressure under the Carpathian basin.

The decrease of pressure must have engendered the decrease of heat-capacity 
and the increase of temperature, triggering the process of formation of magma 
chambers. This process was evidently promoted also by the convectionally (by as
cending magma) transferred heat. In consequence of stretching and heating, a con
siderable part of the gabbro layer melted, and its material erupted, as basic magma, 
into the upper stages of the crust, including the sedimentary complex. The very 
reduced remnant of the gabbro layer, and the immense bulk of effusive rocks, 
especially in the margins of the basins, can be, in all probability, ascribed to the 
dilatational and melting process described.

The tangential forces obviously exercised stretching effect on the crust of the 
basin, and made a synchronous mass-displacement towards the adjecent platforms. 
The faults of the Carpathians, mainly promoting this mass-displacement, dip to
wards the basin and the stronger the farther off they are situated. The tangential 
crustal movement must have been confronted with the resistance of the adjacent
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platforms. Since the marginal faults of the East-European platform dip northeast
wards, the faults of the Eastern Carpathians dip southwestwards, at the site of 
their meeting a dam-like (or truncated prism-like) structure had to be formed. The 
tangential compression must have pushed down this truncated prism. This down
ward movement was helped, moreover, perhaps even had been brought about, by the 
assumed downward current.

The observed maximum depth values of horizons M, C and of the basement are 
due to the uniform subsidence of the entire crustal block. The subsidence of the 
basement created the narrow foredeep of the Carpathians, and the Flysch complex 
overthrusted it.

Thus, the tectonic mechanism creating the Carpathian foredeep is a compression 
of the crust. Obviously this is the reason of the Moho’s great depth, of the narrow
ness of the foredeep, of its being covered by overthrusted Flysch, and of the absence 
of igneous activity.

The described mechanism creating the Carpathian basin, the Carpiathians and the 
foredeep, derived from convection currents and their tangential stresses, explains 
well the Carpathian arc, the asymmetry of the roots of the Carpathians and Dinarides 
(the age, structure and orogenic phases of the Dinarides are different from those of the 
Carpathians; the Editor's note), and the inward trend of the movements in the en
circling mountains.

An explanation for the origination of the Dnieper-Donets aulacogene has already 
been offered. Now another will be described based on the concept of К h a  in  (1964). 
The crust, under the Dnieper-Donets depression, structurally, forms a horizontal 
“ bottle-neck” in consequence of stretching. It is assumed that the formation of 
the Pripet-Dnieper-Donets aulacogene started, as well as that of the rift valley 
of the lake Baikal or that of the East-African rift-system (graben system), with 
the stage of gradual indentation having transformed later into graben-formation. 
The process of crustal thinning, commenced from above evidently contributed in 
reducing the pressure on the astenosphere, in consequence of which the latter start
ed rising with magma-chambers above. Thereafter, the lateral flow of the liquid 
magma brought the widening of the crustal spreading, and basic crustal intrusions 
about ( K h a i n , 1964).

V. B. S o l l o g it b  regards the Dnieper-Donets basin as a product of the tangential 
dilatation of the crust. In his opinion there is no apparent connection between the 
structure of the horizon M and the crystalline basement, under the depression. The 
conclusion is that the deformation of the crust, which, mainly in its upper part, is 
subject to dilatation, is independent from subcrustal processes.

A. V. C h e k u n o v , accepting an overall thinning of both the granite and the gabbro 
under the basin, emphasizes the thinning of the granite mainly to have taken place 
under the Dnieper graben, while the thinning of the gabbro affected the entire basin 
including its marginal parts. Further, the measure of the thinning of the granite 
approximates, in general, the thickness of the sedimentary complex settled between 
the first steps of the marginal faults. Hence, the formation of the Dnieper graben 
must be connected to the dilatation of the granite layer, w'hile, for the formation of 
the broad and gentle Dnieper-Donets syneclise over the graben, the dilatation of 
the gabbro layer is responsible. (This means a differentiated stretching of the crustal 
layers; the Editor’s note.)

The fact that in the central parts of the Dnieper graben the granite layer has not 
thinned out, i.e. it forms a series of only slightly thinned large “ lenses”  with partic
ularly thinned gabbro underneath, is another support of this idea. Since the gabbro
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layer, as a whole, has much more thinned out than the granite, the stretching of the 
crust under the basin must have been brought about by the disruptive forces of an 
upward current in the mantle.

(As to the evolution of the Carpathian basin the Editor feels the obligation to sum 
up the following. The concept of “ Pannonian massif”  seems to be an obsolete one 
and has been attacked of yore by renowned Hungarian scientists, e.g. by the late 
Prof. E. V adász (1961). And indeed there was nothing to be “ medianned” , for in the 
epochs, referred to by the authors, the Outer Carpathians did not yet exist at all, and 
the Inner Carpathians, just as mentioned by the authors of the monograph, formed 
the marginal parts of this massif: “ The marginal parts of this heterogeneous massif 
entered the adjacent orogeny, elevated, and now they are on the surface in the struc
tures the Inner Carpathians.”

A much simpler approach of the Carpathian basin is that the crustal bottom became, 
somehow, destroyed, or changed into mantle-material, e.g. as described in the mo
nograph, and the basin must have isostatically subsided, to compensate for it, just 
so as the top of a drift-ice becomes lowered if its bottom melts. This is testified by the 
normal granite and reduced gabbro layer as shown by DSS profiles.

As for the convection current hypothesis having encountered serious physical 
objections, it must be kept in mind that the orogenic, mountain building cycles of 
the Western, Eastern, Southern Carpathians and the Dinarides are differently timed 
as well as their subsidence and sedimentation cycles. They could not all be explained 
with a single current cell even if there were such small cells which woidd fit the dimen
sions of the Carpathian basin.

Here and there the authors’ concepts coincide with the ocean floor spreading hypoth
esis which has “ spread” recently like prairie-fire. It would be interesting to know if 
Khain’s concepts promoted the delivery, or the sporadic “ spreading”  hints influenced 
Khain’s concepts. The ocean floor spreading hypothesis in its present form, although 
still very far from being completely established, favours events acting from below, 
and the final product of a spreading process is not an intraplatform aulacogene but a 
widening deep ocean, separating continents, wandering mid-oceanic ridges, and a lot 
of other tectonic phenomena. The crust, by the way, is of secondary importance in 
the attention of the spreading hypothesis ; it is interested mainly in the litosphere 
comprising the crust and some ten or hundred kilometers of the upper mantle, and 
floating over the astenosphere which is molten anyway.

The phenomena of the Carpathian system can be explained by a plastic downwarp
ing and an isostatic re-elevation of the crust. A single assumption is needed altogeth
er: that something “ sucks”  the crust down in the initial stage of geosyncline for
mation. All the rest of the phenomena : the tensional stresses in the basin, the faults, 
the volcanism, the interrelation of crustal horizons, can be explained by the down
warping ; and the re-elevation explains the rise of the range itself, the lack of volcan- 
ism and even the Flysch over the foredeep, but not byT overthrusting, but by gravita
tional gliding. The foredeep cannot be treated entirely together with the range, no 
matter what common root they have now, for the foredeep’s basement just started 
subsiding in the Neogene when the Carpathian range rose high. And since its sub
sidence apparently did not require a crustal thinning, the same “ sucking”  mechanism 
or material transformation should be assumed acting on its crustal bottom, which 
had “ caught”  the Carpathian root in the late Lower Cretaceous, and released it in 
the Neogene, perhaps just to start working on the foredeep’s crust.

The basement is covered byr thick Paleozoic and Mesozoic formations composing 
the Preaustrian basin floor. The late Paleozoic and Mesozoic “ structures” are only
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exceptionally folded and those rare ones too, in a very gentle degree. The Carpathian 
basin’s subsidence started in the Upper Cretaceous and accelerated in the Neogene. 
The interesting feature of this matter is that while the subsidence of the basin floor 
was really the most intense and almost ubiquitous in the Neogene, just some basement 
blocks have chosen to stay in an elevated position up to this day, as the outcropping 
crystallines o f the Carpathian basin testify.

The volcanism of the Carpathian basin was not basic but at most neutral, predomi
nantly, however, acidic, and its characteristic feature was that it preceded the stages 
of the subsidence: Lower Cretaceous basic volcanism — Upper Cretaceous Flvsch- 
like sedimentation, Eocene neutral volcanism -»■ Eocene and Oligocène subsidence 
of several kilometers; Oligocène neutral volcanism — Lower and Middle Miocene 
basin-wide subsidence ; immense Upper Miocene neutral and acidic volcanism — basin
wide Pliocene subsidence of several kilometer thickness.

The predominant volcanism of the Neogene was represented by neutral and acidic 
eruptions and by no means into the sedimentary complex but over it, or instead of it, 
or intermingled with the sedimentation; anyway, on the surface which then might 
have been dry land or water-covered area as well.

Their rocks were: andesites, dacites, rhyolites. The slowly ascending, originally 
basic, magma could have, in principle, assimilated acidic components from the granite 
layer, and even the penetration across the thick sedimentary complex could have af
fected its chemical composition. As a matter of fact, however, the facies of these, 
mainly tufaceous, complexes testify for a series of very violent, rapid eruptions. The 
products are, namely, in 70—80% ignimbrites and flood tuffs.

The small Pleistocene basanite cones have only touristic significance ; the Editor’s 
note.)

*

For the time being there is no sufficient amount of data at disposal about the deep 
shells of the litosphere, especially about the build and composition of the upper 
mantle. Thus none of the enumerated ideas can be favoured against the others. All 
concepts described should be regarded as possible but highly hypothetical explana
tions of the phenomena observed.
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