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X. P!13K08 - FpaHUt{a MoxopOBU'lU!la a,u 5aAKaftCKOZO noAyocmposa u ne~eomopbll! npo6AeMbl 2e0· 
auHaMUKU . CxeMa peJibe<jla noaepxHocru MoxopoBH'IH'Ia nocrpoeHa Ha ocHoae H3MepeHHH B 104-x TO'!· 
KaX no CeHCMH'IeCKHM Ha6JIIO)l.eHHl!M H )l.aHHbiM no MeTO.D.Y rJiy6HHHOfO CeHCMH'IeCKOfO 30H)l.HpOBaHHH, 
8bl)l.eJieHbl perHOHaJibHble H pe3HJJ.YaJibHble TpeH)I.bl )l.JISI 3T0f0 PeJibe<jJa. Ha OCHOI!e HX aHaJIH3a H Ha OCHOBe 
anpHopHOH reOJIOfH'IeCKOH H reo<jJH3H'IeCKOH HH<jJOpMaU.HH KOpOTKO paCCMOTpeHbl TpH MO)l.eJIH (JJ.Ha• 
HHpOBaSI, MHKpOHJIHTOBa!l H cy6.D.yKU.HOHHaS1) )l.JISI fJiy6HHHOfO CTpoeHHll fiaJIKaHCKOro flOJIYOCTpOBa, 

Abstract - The scheme of Moho's relief is built on 104 points based on seismologic and DSS data. 
The regional and residual trends are determined for this relief. On the basis of their analysis and of 
a priori geological and geophysical information three models (diapir, microplate and subduction) 
of the Balkan peninsula are briefly examined . 

Introduction 

Numerous data related to the behaviour of the Moho discontinuity on the territory 
of the Balkan Peninsula were accumulated during the last years. They are based on 
interpretations of the gravity field (L( a q e a, 1980; neT K o B, 1963), on DSS stu
dies of the crust ( D ache v, V o I v o v sky, 1984; L( a q e B, 1973, A o c H 4> o B 

et al., 1979, Cmpoenue 3e..unou . .. , 1971, 1978) on seismological information (P a • 
n agio top o u I o s, 1984; L( o 6 p e B, lU y K u H, 1974). Most of the published 
maps and schemes are very generalized (f u 3 e & n a JI e H K o B a, 1988) or highly 
modified during preparation, under the influence of the geological concepts of .their 
authors (F o o s e, M an he i m, 1975; L( a q e B, 1980, L( o 6 p e B, lU y K H H, 
1974; A 0 c H 4> 0 B, n q e Jl a p 0 B, 1977). These circumstances make the objectivity 
of the materials questionable and unreliable for later interpretations. 

The present work is an attempt to combine the available evidence about the Moho 
discontinuity obtained mainly from seismic and seismological information, to estimate 
its quality and to prepare a schematic map of this surface for the Balkan Peninsula ba
sed on most objective methods. The new data are used as a hasis for the analysis of some 
geodynamic concepts concerning this territory. 

Relief of the Moho discontinuity 
Hundred and four points were used to compile the Moho scheme for the Balkan Penin
·sula. Fifty of them are derived from reflectors received after the interpretation of the 
DSS hodographs (D ache v, V o I v o v sky, 1985; ll a q e B, 1973, A o c H 4> o B 
·et al., 1979, Cmpoenue 3eMHOCi •• • , 1971, 1978). They are located in the southern parts 
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Fig. I. Scheme of the Moho reli e f on the Balkan Peninsula . 
1- sei ~ mological data by Pan ~ g i o top o u I o s , 1984 ; 2 -seismic data; 3- data by II o 6-
p ell, Ill y K 11 11, 1974; 4- isolines of the Moho relief. General elements: thin crust: BM (the Black 
Sea); S (Silistr a); V (Varbicil);· thick crust: T (Thracia) ; Southwestern elements : gradient zone - JE 
(lonian ·Hellenide); A (Anatolienne); uplifted part - SPG (Skopje-Gemiik); Northeastern element: 
SK (Scythi an); Northu. i'slern elements: SV (Severin diapir) 

of Romania and the northern parts of Yugoslavia and Bulgari a . Information about 
the accuracy of the results is not available. According to theoretical data and analogy 
it may be assumed that the error is about ± 1 km (r H 3 e, n a B JI e H K o B a, 1988). 
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The remaining 54 points are derived from seismological observations (P an a· 
g i o top o u I o s, 1984; Ll o 6 p e B, III. y K H H, 1974) . In this case the average 
error for Moho is ± 0.6 km and that allows a map with isolines at intervals of 2 km 
to be drawn. A section of 2.5 km is chosen. It is quite informative and reliable for 
the whole studied territory . 

The scheme of the Moho discontinuity for the Balkan Peninsula was drawn vi
sually , by hand. A linear modification of the relief gradient between two points was 
assumed. 

The new Moho scheme (fig . I) differs considerably from the maps published 
earlier. The highest depth v r. lue is on the territory of the West Rhodopes and the low
est (25 km) - · on the territory of Strandz:t. The western and southwestern parts of 
the investigated area of the Balkans are characterized by an intens ive gradient (Ionian
Hellenic) which dips to the west (fig. 1, J E) and coincides with the steep slopes of the 
Ionian trench and the mountain chain of the Hellenides . These slopes are disturbed by 
a great number of transversal negati ve and positive relief forms, typical of terrains sub
jected to spreading ( 0 6 y e H et a!., 1984) or to high compression as a result of the 
reduction of the Hellenides on width. 

The thickness of the crust is less than 30 km in the territory, situated to the 
northeast along the I ine Skopje-Peatur a-Gem! ik (fig . I, SPG) . 

A sharp! y out! ined swell with generally steep northeastern and southwestern slo· 
pes and more gently dipping northern and southeastern ones is evident in the mantle 
at that pi ace (M a k r i s, 1977) . The Circum Rhodope and V ardar regions are located 
in the western and southwestern parts of the Skopje-Gemlik (SPG) positive element. 
Its northeastern boundary shows a quite intense relief gradient. According to its lo· 
cation and direction it coincides with the strike-slip fault between the Serbo-Macedo· 
ni an block and the Circum Rhodope region (M o u n t r a k i s et al., 1987) . The south· 
western and the northern boundaries of the described element are the corresponding 
branches of the Anatolide strike-slip fault zone (Mercier, 1977). • 

A specific relief (fig. 1) is formed to the northeast. The central part, the Thra 
cian negative element (T), represents a deep structure with a complex configuration
It coincides with the highest terrains of the West Rhodopes and the Central Balkan. 
Its boundaries are well marked gradient regions which, with some complications, fol
low to the northwest and southeast, respectively , the Etropole and the Tvardica I inea
ments. The northern boundary is flatter and more complicated . The Thr acian negative 
element (T) visibly can be divided in two parts: a northern (the Balkan) one extending 
parallel to the boundary, and a southern one (the West Rhodopes) which is elongated 
in southeast direction. Both parts are intensively intruded by granitoids . 

To the east of the Thracian element (T) the relief of Moho forms a relatively calm 
field with an average thickness of the crust about 30 km (fig. 1) . Some local elements 
are outlined. In some of them, as the Black Sea (BM), Sillistra (S) and Varbica (V)· 
ones, the crust is thinner while in the Novipazar lineament (NP) it increases. Eviden 
tly, this part of the Balkan Peninsula is affected by horizontal and vertical crustal move· 
ments with comparatively low intensity related to an area between considerable uplifts. 

To the north and northeast of the Sillistra (S) local anomaly, through a wide gra
dient region, extends the Scythian (SK) area in which the thickness of the crust increa
ses again. 

The territory of the Anatolides (A) is covered by a wi(e gradient in the Moho 
relief, while in the area of Severin (SV) the crust thinns out to about 30 km . 

As a result of the above considerations the examined territory of the Balkan Pe
ninsula may be divided into several large crustal elements: Central, Northwestern 
and Southwestern. The Central element indudes the Black Sea (BM), Sillistra (S) and 
Varbi ca (V) thinnings of the crus\ and the Thracian (T)- a considerable grooving (fig. 1) . 
. The Ionian-Hellenides (JE) and the Anatolide (A) gradient regions and the Skopje
Oeml ik (SPG) swell belong to the Southwestern element. They encircle the Central 
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element from west and south . The North
western element includes the Skopje 
depression and the northwestern parts 
of the investigated territory which are 
occupied by the Severin (SV) anomaly . 

The thickness parameters of the crust 
and the height of the Earth's surface 
above sea level for each of the observed 
points were used to construct the corre
lation chart between them (fig . 2). A 
quite steep, linear relation wasobtained 
as a result. Thi s relation shows that 
small increases of the thickness of the 
crust lead to a considerable increase of 
the height of the relief. This is a typical 
relation for continental terrains with 
mountain chains which have "roots" in 
the mantle (E B c e e B, 1975). The clo
ser examination of the chart shows that 
the points from the territory of the South
western element can be grouped together 
around another line which has a direc
tion oblique to the general one (fig. 2) . 
The relation between Moho relief and 
the Earth's surface for this group of po
ints is reverse, i.e. the rapid increase of 
the heights above sea level leads to a gra
dual thinning of the Earth's crust. This 
is an interesting fact which is obviously 
related to some specific geodynamic 
conditions in the evolution and the 
tectonic regime of the border parts bet-

l ___ .J~~~~~--.-- ween the African plate and the Balkan area. 
o 

10 20 30 50 
1<m The trend anoma ly was calculated 

"
0 60 MOHO in order to make a geologic interpre-

tation of the obtained Moho relief. By 
means of thi s anomaly the relief was 
divided into two mutually complemen
tary elements: a regional and a local 

Fig. 2 . Corrt>lation chart between the Moho relief 
and the rt>lief of the Earth 's surface. 
1 - general chart; 2 - chart for the points of 
the general element 

one. The first expresses the general dis
tribution tendency of the relief and the second is connected with the slight deviations 
from the regional trend (Ll e B H c, 1977) . · 

The regional component which is expressed by a trend to the sixth degree, is the 
most representative and reflects the concrete geological and geodynamic situation wel l 
(fig. 3). 

The surface is described by a polynomial with 21 coefficients (tab. 1) and 82 de
grees of unrestriction, i. e . the observation is a sum of constants, which are con
nected with the average values of the geographic co-ordinates, the polynomial expan
sion to the sixth degree of these co-ordinates and the local component. 

The central and western parts of the investigated territory are occupied by an 
uplifted block, the Anatolide diapir (3); which is elongated in northeast direction 
(fig. 3, element 3). The paleomagnetic studies of granodiorite plutons in the north-
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Fig . 3 . Scheme of the region al trend of Moho on the Balkan Penins ula . 
1- axis uf the region <J l g radient of the Moho s urface; 2 - diapir ; 3 axis of the diapir ; 1·
hinge; 5 - line bounding the occ urrence of magmatic activity: a - Pliocene-Quaternary, b - Pri. 
abonian-Miocene . c - Cretaceo us; 6 - contour of extensional seismic zone; 7 - contour of compres· 
sion seismic zouc; 8 - directi on of relative movement of the Aegen microcontinent; 9 - deforma· 
tton of extension; 10 - defor mation of compression; 11 - mean paleomagnetic declinations. 

Da ta for the ~ei smic zone are by Mer c i e r (1977) and data for paleomagnetic declination are by· 
P a v I i des et al. 1988. 

Element of regional trends: I- Ionian-Hellenide arc; 2- Moesian minimum; 3- Anatolide dia· 
pir; 4 - Sofia-Skopje hinge; 5 - Severin diapir 



Tab I e 1 

Coefficient of the polynomial of the regional trend of sixth degree for Moho's 
surface. 

c ( 1)= 92.48335 
c ( 2)~ 2.32440 
c ( 3)= -0.968732 
c ( 4)= 0.156754 
c ( 5)= -0.181311 
c ( 6)= -0.301892 
C ( 7)= -0.799712E·02 
C ( 8)= 0.127591E-01 
C ( 9)= -0.207392E-01 
C (10)= 0.231721E 01 
C (11)= -0.103027E-03 

C (12)= 0.344870E-03 
C (13)= -0.853768E-03 
C (14)= 0.685518E-03 
C (15)= 0.100353E-03 
C (16)= 0.121764E-05 

C (17)= -0.176570E-05 
C (18)= 0.463247E-05 
C ( 19)= -0.133193E-04 
C (20)= 0.195785E-04 
C (21)= -0.148669E-04 

western parts of the block show that this general direction is followed also by the paleo
magnetic declination (P a v 1 i des et al., 1988). The Anadolide diapir is located into 
a seismic extensional region (Mercier, 1977). Tertiary and Quaternary magma
tites are concentrated in its central and southern parts (Hark o v s k a et al., 1989). 
It is interesting, too, that the areas of magmatic activity, in the course of time, mig
rated gradually to the south, approximating closely in form and location the south
western boundary of the Anatolide diapir. The described positive element generally 
coincides with the Aegean microcontinent of some authors (Mercier, 1979). 

The Anatolide diapir is surrounded by a relatively intensive relief gradient. It 
consists of several parts differing by their characteristics. An arc convex to the south, 
extends to the north and bounds a well expressed minimum (fig. 3, element 2). It coin
cides with the Moesian platform (E o H 11 e B, 1971, ll o 6 p e B, III. y K H H, 1974). 
Another arcuate gradient area- the Ionian-Hellenide arc (fig. 3, element 1), convex to 

the south, is located to the west and southeast. It borders a negative element which 
slopes to the southwest and southeast. A compressive seismic region is traced there. 
This region is traced in depth and dips towards the steep slope of the Ionian trench, 
i. e., to the northeast (Mer c i e r, 1977). Probably these specific elements in the Moho 
relief and the earth surface, and the seismic characteristics mark the Hellenide arc and 
the subduction zone between the African plate and the Balkan area (Boy a nov 
et al., 1989, Mercier, 1979, Mount r a k is et al., 1987). 

The Sofia-Skopje ridge is located between the described two parts of the gradient 
element (fig . 3 , element 4). This is a relatively raised part of the Moho relief in compa
rison with the Moesian (2) and Ionian-Hellenide (l) negative elements, but is relati
vely lower with respect to the adjacent Anatolide (3) and Severin (5) diapirs. In the area 
of the Balkans this ridge is characterized by a complex and debatable geological 
structure and development. The Sofia-Skopje ridge includes such geological phenomena 
as: the Kraistide region, the Sredec structural niche, the Ivrea-type region (Eo H -

11 e B, 1971, PH 3 K o B , 1989) . It appears as a barrier of the Tertiary and Quater
nary magmatic activity. The described facts suggest a ridge role of this element in the 
complex geodynamic life of the adjacent territories. 

As a result of the above brief characterization of the regional trend of the Moho 
discontinuity five elements can be outlined: Anatolide (3) and Severin (5) diapirs, Moe
sian (2) and Ionian-Hellenide (I) depression and Sofia-Skopje ridge. 

The residual trend anomaly gives the distribution of random components in respect 
of the regression in the polynomial model (fig. 4) . Some larger structural elements in
ferred from geological and geophysical data may be divided in the local field on the ba
sis of different intensities and signs of the anomalies. 

The Thracian (1) negative anomaly is the most intensiveone. It preserves a com
plex configuration as in the observeo field (fig. 1). Its extremal parts are located to the 
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Fig. 4. Sche me of the resid uil l trend of the Moho sur face on the Balkan Peni nsula. 
1- isoline of residual trends; 2-local minima(5-Pel ago nian; 6- Moesian); 3- loca l ma xi
ma (I - Thracian ; lA - Rh odope ; IB - Upper Thracian; IC - Bal kan ; 2 - Dobrudia ; 3 -
Anatolide; 4 - Ioni an- Hel lenide); 4 - An atolide strike-slip faul t; 5 - contour of extensional 
seismic zone; 6 - contour of co mpressi on seismic zone ; 7 - indication of strengths of compression; 
8 - contour of magmatic act ivity 

south of the line, tracing the distribution of the Upper Cretaceous Srednogorie mag. 
matites . These are: the Rhodope (IA) and the Upper Thracian (lB) anomalies . In ae~ 
neral, the territory of the Thracian negative element is made up mainly of granit~. 
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Fig. 5. Elements of the regional gravity field by 10. HuKOJJbCKHil (unpublished). 
1 -gradient; 2 - dividing line between fields of different character; 3 - maximun; 4 - mini· 
mum; 5 - a:\is of maximum ; 6 - axis of minimum ; 7 - zone of compression 

Other negative anomalies of the Moho relief are: the Dobrudza (2), the Anatol ide 
(3) and the Ionian-Hellenide (4) . The last one is a series of small and narrow negative 
elements strongly elongated in northwest direction which form together compressed 
folds typical for the periphery of a diapir structure. It is situated between the border 
of the seismic regions of compression (in its southwest~rn parts) and extension (in its 
central parts) (Mercier, 1977). 

The Pliocene-Quaternary magmatites are situated along the western and southern 
periphery of the Anatolide n'egative anomaly (3) while its northern parts delimit the Pri
abonian-Miocene magmatic activity. 

The positive Pelagonian (5) and the Moesian (6) anomalies are of low intensity 
(fig . 4). The last one covers the central parts of the Moesian plate. The Pelagonian po
sitive anomaly (5) follows and covers the homonymous graben structure. Together 
with the adjacent Ionian-Hellenide negative element (4) it forms a complete sinuous 
fold, behind which a deep Rhodopes minimum is located. 

Residual gravity field 

The analysis of the basic elements of the residual gravity field shows (fig. 5) that 
the investigated territory of the Balkan Peninsula covers a generally complex gravity 
field with well differentiated local elements . The central part is variable and occupied by 
wide, unorientated positive and negative anomalies. No clearly expressed gradient re
gion exists between the two types, but the northwestern areas are marked mainly by 
negative fields and the southern and the eastern areas - by positive ones. According 
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to their location the positive field coincide well with the area of the Anatolide diapir, 
which was divided on the basis of the Moho regional trend (figs 3, 5). 

The described central part of the investigated area is surrounded by generally in
tensive, narrow and elongated gravity minima. 

As a whole, according to their place, they cover the area of the Ionian-Hellenide 
gradient region of the Moho surface (figs 3, 5). 

Geodynamic interpretations 

The described characteristics of the local and regional elements of the Moho disconti
nuity on the Balkan Peninsula and some features of the residual gravity field compared 
with the basic geological setting, can be temporally and logically explained on the ba
sis of fixistic and mobilistic concepts . We shall discuss three versions which seem to be 
acceptable and well supported by geological and geophysical data. 

It can be supposed that the geodynamical development of the investigated terri
tory was determined by the emplacement of two mantle diapirs: the Anatolide (A) 
and the Severin (S) one (fig. 6). Their upward movement heated the lithosphere, increa
sed the ductility and caused radial flow of masses. As a result considerable displa
cement of large masses occurred around the two diapirs and mainly to the north, north
west, west and southwest of the Anatolide diapir, and for the Severin one- on the 
territory of the KraiStides (f o q e B, 1979, Caputo et al., 1970, K a rag j u
I eva et al., 1982, I van o v, 1981) . Folds and thrusts were formed upon the adja
cent areas, the width of the mountain chains considerably shortened and the 
thickness of the crust increased. Similar orogenic waving is indicated in Northern, 
Western and Southern Greece, the island of Crete, Western Turkey and Eastern, South
eastern, Western and Northwestern Bulgaria (6). A belt of thickened crust surrounds 
the periphery and the neighbouring lands of the Anatolide diapir structure (fig. 4, 6), 
especially to the west. The increased geothermal flow caused the activization of the gra
nite-gneiss domes (Kraistides, the Rhodopes) in the area around this structure. The abo
ve described movements and the dynamic extension that are connected with them lead 
to thinning of the crust, extension and formation of a great humber of grabens in the 
central part of the diapir, for example the Aegean region (Mercier, 1977, Moun
t r a k i s et al., 1987). 

Some authors relate the geodynamic development of the investigated territory to 
the convergence of the African (AF) and the European (EV) plates. Several microplates 
were formed in the area between them: the Turkish (T), the Aegean (E) and the Black 
Sea (B) microplates (fig. 7). Their northern, western and southern margins coincide well 
with the divided in the regional trend complex gradient strip of the Moho relief. This 
is the dividing line between fields of different character. 

In the gravity field, from the north, west and south this is a compressional region 
(fig. 5). On the residual trend of the Moho relief the Black Sea (B) and the Aegean (E) 
microplates are well defined as areas with different signs of the local anomalies. The 
first one includes the Thracian (I) and the Dobrudza (2) negative anomalies and these
cond- the positive Pelagonia (5) anomaly (figs 4, 7). We shall mention that the sec
tors of convergence of the microplates are characterized by a general thickening of the 
crust and higher relief, while the opposite relationship is typical for the margins bet
ween them and the African plate (fig. 2). 

The third version, which has many supporters in the last years (11. b 10 H, .6 e p ll. 
19i4; 5I H e B, .6 a x H e B a, 1980; B o c c a I e t t i, 1975; B o y a n o v et at. •. · 
1989; Mercier, 1977; Mountrakiset al., 1987; Riazkov, Shanov, 
1989) is based on the mobilistic ideas for active continental margins. On this basis,. 
the described facts have an adequate explanation . The Ionian-Hellenides gradient re
gion appears as a margin of the subductional surf ace (figs 3, 8) between the African 
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Fig. 6. Diapiric model of the Balkan Peninsula. 
1 - diapirs (A - Anatolide; S - Severin) ; 2 - general orogenic chains; 3 - graben; 4 -lio
cal thickened part of the crust; 5- Pli ocene· Quaternary magma~i sm ; 6- con tours of gra nitoid mas
sifs; 7 - horizontal movement of crustal blocks (B - Central; E- Aegean; K - I<raiSlidc; ST
Strandia) 
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Fig. 7. Microplate mode! of the Balkan Peninsula. 
1 - contour between microplates; 2 - transform faults; 3 - line of compression . Microplates: 
E - Aegean: B - Black Sea; T - Turkish. Plates : EV - European; AF - African; AR - Ara
bian 

(AF) and the European (EV) plates. The trench is marked by a series of deep depressions 
in the Ionian Sea. The subductional region is characterized by seismic compression, 
too, which is traced in depth (.Mer c i e r, 1977). 

Some authors call this margin the Aegean arc (ll b 10 u, B e p Jl, 1974; M e r -
c i e r, 1977, 1979) . On the Moho relief, the graben prism is expressed as a local thick
ening of the crust (fig. 4) while in the relief of the Earth's surface it shows a gene
ral uplift and folding. The active back-arc basin is situated to tlte north behind the fron
tal arc, immediately behind the island of Crete and further north the residual arc is 
located. The last one is traced by the Pelagonian and the Menderes massif and by the 
area of the Pliocene-Quaternary magmatism. The so described islahd-arc system ends 
with the Aegean basin. 

Conclusions 

In the compiled map of the Moho surface the subjective geological ideas were removed 
in the process of drawing. A mathematical processing was applied upon this relatively 
"cleared" material in order to divide it into two mutually complementary elements: 
a regional and a local one. 

Five typical elements were divided when analyzing the field of the regional trend: 
the Anatolide (3) and the Severin (5) risings, related to the thinning of the crust, the 
gravitational maxima and the increased temt>erature; the Moesian (2) and the Ionian
Hellenide (1) thickening of the crust, the first one tracing the internal parts of the Euro
pean pi ate and the African pi ate; the Sofia-Skopje ridge (4) situated between the above 
blocks (figs 3, 5). 

The analysis of the local trend shows its good relation to familiar geological struc
tures. A subject of interest is the well shaped sinuous structure in the western parts of 
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Fig. 8. Subduction model of the Balkan Peninsula . 
1 - trench (J - Ionian); 2 - edge of subduction zone and frontal arc (E - At>gean arc); 3 -
active back arc basin; 4 - residual arc (PM - Pelagonian·Menderes) 

the investigated territory, which traces the boundary between the European (EV) and 
the African (AF) plates (figs 4, 8). 

On the basis of the indicated facts, three possible geological models for the Balkan 
Peninsula were briefly considered: diapir, microplate and subduction. Their analysis 
shows that the territory of the Balkan Peninsula developed as a result of complex geo
dynamic processes. Part of them has left traces in the structure of the territory and others 
continue their structure-forming activity today, manifesting frequent and sometimes 
intensive seismic events. The collection, processing and interpretation of voluminous 
and heterogenous information will probably confirm some of the indicated models or 
will suggest entirely new ones. 
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