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Seismogeological features of the crust in Romania

V. I. Mocanul, C. Dinu!, E. Radulescu?, M. Diaconescu?, C. Diaconescu? and A. Pompilian?
" Bucharest University, Faculty of Geology and Geaphysics; 6 Traian Vauia St, PO 37, Bucharest, Romania.
2National Institute for Earth Physics, PO Box MG-2, Bucharest-Magnrele, Romania.

ABSTRACT: The Romanian area consists of old consolidated units of pre-Alpine age
(the Moesian, Moldavian and Scythian platforms) and Alpine orogenic units (the
Carpathian arc and North-Dobrudjan orogen). General seismogeological peculiarities of
the pre-Alpine tectonic units are presented, as well as some structural characteristics of
the Transylvanian Basin and the Pannonian Depression. Both shallow and deep seismic
reflection/refraction data as well as log information and some potential field data were
used for the investigation of the crustal structure. The variability in the seismogeological
pattern and crustal thickness shown by the different tectonic units is due to the
differences in structure and lithology as well as to differences in crustal age. Some general
characteristics arc presented as an overall seismogeological image.

KEYWORDS: seismageology, foreland, platforms, crustal features

INTRODUCTION

Romania belongs to the young Alpine Ruropean area, except for
the northeastern region which is part of the old East European
Platform of Epi-Proterozoic age, and the southeastern zone,
representing the northern half of the Moesian Platform, of Epi-
Palacozoic age (Dumitrescu & Sandulescu 1970; Cornea &
Lazarescu 1980). This paper represents a synthesis of seismic
information (reflection, refraction and log data) from the
Carpathian foreland regions (Moesian and Moldavian platforms),
and the internal Transylvanian and Pannonian depressions.

The Moesian Platform is characterized by seismic markers fom
the base of the Sarmatian, the surface of the Upper Jurassic—
Lower Cretaceous limestones, the Triassic dolomites, and the top
of the Palaeozoic calcatecous complex (Diaconescu ¢/ @/, in press).

The Moldavian Platform shows a particular feature
represented by the Badenian anhydrite layer. The Mesozoic
sequence, consisting of correlatable reflections disturbed by
many diffractions generated by the pre-Neogene erosion level,
is the second clear observable sequence. The Palaeozoic
formations are characterized by sporadic low frequency
reflections, unconformably covered by the younger deposits. The
sedimentary/basement boundary does not appear to be a sharp
seismic marker (Cornea 1964; Botezatu 1987).

In the Transylvanian Basin, seismic studies were concentrated
on the Neogene seismic sequences as well as on the salt-Dej Tuff
complex of Badenian age, these being two important seismic
markers of the sedimentary layers (Tonescu e a/. 1986). The areas
of tectonic uplift of the crystalline basement show two other
strong seismic horizons. These are the Mesozoic limestones and
the sedimentary/basement boundary.

The Pannonian Depression is characterized by long
correlatable reflections of Pannonian age. These are almost flat
horizons in contrast to the pre-Pannonian seismic sequence. The
interface between the sedimentary formations and the crystalline
basement on the uplift areas shows a high seismic contrast
(Ionescu 1981).

The Carpathian foredeep in front of the Carpathian orogen
presents a succession of paralle] reflection markers of Neogene
age, with high velocity contrast.

GEOLOGICAL SETTING

Romania includes cratonic regions of pre-Alpine age (the
Carpathian foreland) and Alpine orogenic ateas of the
Carpathians and the North Dobrudjan orogen (Fig. 1). The
Carpathian mountain chain was formed by collision between the
Variscan European continent and the microplates in front of the
colliding African plate. The change in orientation of the Eastern
Carpathians from a podolic to a Tethyan direction, and the
bending of the Southern Carpathians with respect to the Balkan
Mountains, produces pronounced cusvatures.

‘The Carpathian orogen is bounded to the northeast by the pre-
Vendian East European Platform (Moldavian Platform on the
Romanian territory), and to the southeast and south by the
Moesian Platform. The Transylvanian Depression is located
inside the Carpathian arc, and the Pannonian Depression is
partially developed on the western side of Romania.

The Moesian Platform is the Early Palacozoic consolidated
area which lies in the southern part of the Romania, and is
boundade by the Peceneaga-Camena Fault (Fig. 1). Its basement
is separated by the Intramoesian Fault into two distinct sectors:
the Vallachian sector to the west and the Dobrudjan domain to
the east (Sandulescu 1984). The Vallachian sector consists of Late
Proterozoic mesometamorphic schists (Mutihac 1990), being
pierced by Hercynian granitic, granodioritic and gabbroic
intrusions (Paraschiv 1979). The southern side of the Dobrudjan
sector is made up of Karelian metamorphosed rocks that extend
from Southern Dobrudja to the west, between the Capidava-
Ovidiu and Intramoesian faults (Visarion e a/, 1988). The
northern part of this sector consists of greenschists
metamorphosed in the Cadomian. They crop out in the central
Dobrudja and extend westwatds of the Danube, between the
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Crustal seismics in Romania 291

Peceneaga-Camena and Capidava-Ovidiu faults (Visarion ef 4.
1988).

The sedimentary cover of the Moesian Platform begins
with Cambrian(?) and Ordovician sediments and continues
with some stratigraphic hiatuses up to the Neogene and
Quaternary. This sedimentary cover is divided into four main
seismic cycles: Ordovician—Carboniferous, Permian—Triassic,
Jurassic—Cretaceous and Tertiary (Sandulescu 1984; Diaconescu ez
al. in press).

The Moldavian Platform represents the southwestern margin
of the East European Platform. It contains a folded and
metamorphosed crystalline basement of Karelian age, and a
slightly faulted sedimentary cover with several cycles from the
Vendian to the Pliocene, separated by some major stratigraphic
discordances (Sandulescu 1984).

Between the Moldavian and Moesian platforms, two other
small tectonic units have been identified: the Scythian Platform to
the north, and the North Dobrudjan orogen to the south.

The Scythian Platform is a consolidated area of Early
Palacozoic age showing a crystalline basement consisting of
metamorphic rocks deformed before the Carboniferous. The
North Dobrudjan orogen is a Cimmeride—Early Alpine orogenic
belt completely deformed before the Late Cretaceous.

The Transylvanian Basin is a molasse depression that overlaps
the deformed elements of Alpine Europe. Its evolution began in
the Neogene, and now it appears to be a post-tectogenetic unit.
The Transylvanian basement consists of two distinct sequences
(Tonescu ez al, 1986):

® a lower sequence composed of folded and thrust elements
(of crystalline formations, Mesozoic sedimentary folded
formations and and pre-Tertiary volcanic rocks) which
tepresent the prolongation of the Carpathian units below the
depression

® an upper sequence belonging to the post-tectonic cover and
consisting of Late Cretaceous—Tertiary formations.

The Transylvanian basement is marked by strong disjunctive
tectonics subsequent to the Cretaceous tectogenesis, and which

divides this unit in1to several blocks. Thus, the Pogaceaua uplift
and the depressior1 zone southwards of Tg. Mures are remarkable
subunits, the latter containing a thick stack of Neogene sediments.
At Pogaceaua, the top of the crystalline basement was reached at
2980 m by the welll Pogaceaua 5. This uplift is also confirmed by
gravity and air ma gnetic regional anomalies. The structure of the
Transylvanian sedi mentary cover is strongly influenced by the salt
tectonics which c:reated domes of 10-15km diameter in the
central part, and ¢ liapiric folds in the tim part of the depression
with a N=S orient:ation.

The Pannonian  Depression is largely developrd in Hungary
but extends into 1-he western side of Romania. It is 2 Neogene
basin with a crystalline basement that crops out in the Apuseni
Mountains and So uthern Carpathians. The crystalline basement is
made up of Palac:0zoic metamorphic rocks that are pierced by
acidic intrusions ¢ >f various ages, from the Precambrian to the
Palacogene (Ione-scu 1981). The sedimentary cover of the
depression consis ts of two sequences: the lower one of pre-
Neogene age, and an upper sequence of Neogene molasse.

SEISMIC DATA

The large numbe:r of reflection and refraction seismic lines
recorded in Redmania have identified scveral —specific
characteristics of  he major tectonic provinces. The variability in
the reflectivity patterns and crustal thicknesses of the different
tectonic units is dlue to the differences in lithology and seismic
characteristics, as “well as to differences in crustal age.

Moesian platforrmn

The sedimentary cover of the Moesian Platform shows three
strong seismic mai “kers with charactetistic reflections, correlatable
over great distanc-es. They tesult from lithological horizons of
high velocity conti-asts (Burcea ef a/. 1966). These horizons are as
follows:

(a) the Neogenwe—Cretaceous boundary which generates
prominent ref lections, with reflection coefficients up to 0.36,

5000 /s
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Fig. 2. Seismic section of line A (Alexandria—Rosioti depression) and interval velocity-depth function. P, Pliocene; Sm, Sarmatian; K, Cretaceous; T3,

Upper Triassic; T2, Middle Triassic; T1, Lower Triassic; Pz, Palaeozoic.
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Fig. 3. Seismotectonic section of the Galati~Calarasi profile-1T in Fig. 1. 1, lower crust; 2, upper crust; 3, sedimentary cover; 4, Mesozolc and Palacozoic
deposits of Macin and Tulcea units; 5, Niculitel unit; 6, Moho; 7, Conrad; 8, Basement sutface; 9, crustal fault,

Levie el e

Fig, 4. Seismic section of line B, the Diragasani zone.
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Fig. 5. Reflectivity histograms of line B, the Dragasani zone. (a)
histogram with reflectivity density; (b) histogram of average length of
reflections; (c) simplified crustal model. 1, sedimentary cover; 2, upper
crust; 3, lower crust; 4, upper mantle.
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Fig. 6. Seismic refraction section on line XI,, the Focsani Depression. 1,
lower crust; 2, upper crust; 3, crystalline basement; 4, sedimentary cover;
C, Conrad; M, Moho; C.O.E, Capidava-Ovidiu Fault.

that appear at ~ 6.0-6.5 s TWT (two-way travel-time) in the
northern side of the Platform (with a thick sedimentary
cover), and at ~ 0.3 s TW'T to the south (on the uplift zones);
(b) the Malm-Dogger interface, wich has an important velocity
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Fig. 7. Seismic section of line C, the Mizil zone.

(9) the Upper—Lower Triassic limit, representing the top of the
limestones and dolomites, with a high contrast of acoustic
impedance.

Within the Neogene section, an alternation of sands and
gravels with marls, sandstones and limestones generate strong
contrasts in acoustic impedance. Several important interfaces are:
the Dacian sands—Pontian matls, the Meotian sandstones, and the
calcareous sandstones and matls from the base of the Sarmatian,
which show a reflection coefficient of 0.47 near Bucharest. Below
the Neogene cover, the top of the Cretaceous limestones
generates a prominent reflection with reflection coefficients of

contrast; 0.32-0.34 (Paraschiv 1979). The refraction lines recorded
1 2 3 4 S 6 N 1 4 L (km)
0 1 L A A 1 1 0 Il % % i 0 - -
24 2 S
4 A -
107 8
6l o _ +++
81 —~ 8 £ 1
— n :f' v v b
2101 =107 £ 0 v
- ; o NV
z 12 Z 8 v
- v Vv
L 16 1 v
164 16 30,y Fig. 8. Reflectivity histograms of line C,
i8] ~~+M Mizil zone. (a) histogram of reflectivity
18 density; (b) histogram of average length of
a) bl reflections; (c) simplified crustal model.

C) Tor key, see Fig.5.
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Fig. 9. Seismic section of line D, the Focsani zone. P, Pliocene; Mi, Miocene; Sm, Sarmatian; Bn, Badenian; K, Cretaceous; J, Jurassic.

westwards of the Intramoesian Fault demonstrate strong head
waves from this hotizon with a high velocity contrast. Generally,
the Neogene sequence shows horizontal reflections correlatable
over a great distance, while the Mesozoic section is characterized
by shorter and dipping reflections with high amplitude variation.
Several seismic lines with more than 24-fold coverage show some
correlatable reflections from the top of the Palacozoic limestones
and even from the sedimentary—basement boundary (Varodin
et al. 1968).

Figure 2 shows a seismic line recorded in the central part of the
Moesian Platform, westwards of the Intramoesian Fault, in the
region of greatest subsidence, the Rosiori—-Alexandria depression
(line A in Fig, 1). The almost flat reflections of the Neogene are
visible in compatison with the deeper layers of the Mesozoic and
Palacozoic ages. Fracture of the sedimentary cover is shown by a
few faults that produced uplift and depression structures.

The top of the crystalline basement has mostly been
investigated by deep seismic soundings. Deep seismic refraction
lines across the Moesian Platform (Galati-Calarasi, II;- Filiasi
Bailesti, XII) distinguished head waves from the basement
surface, with layer velocities of 5.8-6.4 km s! ( Radulescu 1981).
A mid-crustal layer, supposedly the Conrad Discontinuity, has
been identified, with a velocity of 6.5-7.0 km s}, in the western
side of the Moesian Platform (Constantinescu ¢f a/. 1970; Cotnea
et al. 1981).

The Galati~Calarasi refraction profile (profile II, Fig.1)
demonstrated a thinning of the crust from the north (46-47 km
thick in the Galati zone) to the south (30-31 km thick near the
Danube) (Radulescu 1979). A deep fracture with a throw of
7-8 km at the Moho, and of 5-6 km at the Conrad Discontinuity
(Fig. 3), was seen south of Galati. It represents the prolongation
of the Peceneaga—Camena Fault, from the Dobrudja.

The deep seismic reflection lines recorded on the Moesian
Platform found some important differences in the reflectivity
pattern from the west to the east and northeast. The western
sector of the Moesian Platform shows a relatively transparent
upper crust and a layered lower crust, with strong bands of
reflections around the crust-mantle transition zone, at
~9.5-11.5 s TWT. The central and eastern parts show decreasing
reflectivity with depth, and the Moho is poorly distinguished
(Raileanu e¢# /. 1994).

Carpathian foredeep

The Catpathian foredeep is characterized by predominantly
Neogene sedimentary rocks, largely derived from the Carpathians,
but also with a significant contribution of detritus from the more
external Moldavian and Moesian platforms. The foredeep ranges
in width from only 2 few kilometres (~ 10 km) in the northern
part of the Eastern Carpathians, to more than 100 km at the
Southern Carpathian bend. The greatest thickness of the
foredeep sediments is south of the Eastern Carpathian bend in
the Focsani Depression, where the Neogene rocks are probably
8 to 10 km thick (Sandulescu, 1984). Recent crustal movements
charactetize areas of active subsidence (up to 3 mm yr™') in this
zone (Popescu & Dragoescu 1987).

Figure 4 shows a deep seismic line from the central side of the
Southern Carpathian foredeep, near Dragasani (line B in Fig 1).
This line was recorded down to 15sTWT and shows a very
reflective sedimentary cover down to 3.5-4.0 s TWT. The top of
the crystalline basement does not generate characteristic
teflections, but it was interpreted at ~ 4.0 s TWT (6—7 km depth)
(Barbu 1980).
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The upper crust consists of many short and dipping events.
The reflectivity decreases with depth, and the Moho appears
to be indicated by some long correlatable reflections at
10.5-11.6 s TWT. Some reflectivity analyses of this reflection line
are shown in Fig. 5. Where we present histograms of the density
of reflections and the average length of reflections (Wever o 2/
1987; Raileanu of 2/ 1994). A simplified crustal model in this area
is presented in Fig 53¢ The reflectvity pattern of this line is in
accordance with the low surface heat flow in this region of
~ 40 mW m~? (Demetrescu & Andreescu 1994).

A deep seismic refraction fine recorded in front of the Fastern
Carpathian arc bend zone (X1,) showed a thick sedimentary cover
{(17-18) km in the Tocsani Depression (Fig 6). 'The Conrad
Discontinuity was interpreted at 24-26 km depth, and the Moho
at ~ 4344 km. A deep fault with ~ 5 km throw at the Conrad
level was identified in the southern part of the line It is
considered to be the prolongation of the Capidava—Ovidiu Fault
that extends from the centra! Dobrudja to the northwest (Fig 1).
The sedimentary—basement surface shows z layer velocity of
6.5kms™!, corresponding to the great depth of this seismic
marker (Radulescu 1979). Figure 7 shows a deep seismic
reflection section recorded in the same region, near Mizil (line C
in Fig. 1). The top of the basement was considered to be at
~ 505 TWT. Reflections from 6.2—6.8 s TWT may represent the
transition zone between the upper and lower ctust, and the Moho
is shown by the strong and corrclatable teflections from
12.8-13.0 s TWT. The reflection hotizoas dip slightly from the
south to the north, following the tilt of the foredeep deposies
towards the orogen. The reflectivity analyses of this line arc
presented in Fig, 8.

Nw

The seismic line in Fig 9 {line D in Fig 1) illustrates
the undisturbed Neogene deposits of the Carpathian foredeep
that overlie the fractured Mesozoic layers of the Moesian
Platform.

Moldavian Platform

The Badenian anhydtite forms a strong seismic marker within the
sedimentary cover of the Moldavian Platform (Botezatu 1987).
The seismic sequence below the anhydrite is characterized by
poor reflectivity. The layers above the Badenian anhydrite show
strong and correlatable reflections.

The contact berween the sedimentary deposits and the
crystalline basement and the top of the Palacozoic Hmestones
generates reflected and head waves (Cornea 1964).

A deep NE~SW oriented seismic refraction line (VII) across
the Moldavian and Moesian platforms (Fig. 1) idendfies the base
of crust at ~ 40-44 km depth, in the lasi-Bacau zone (Pompilian
¢ al. 19913,

Figure 10 shows 1 selsmic line across the contact between the
Moldavian Platform and the outer flysch of the Eastern
Carpathians (ine E in Fig, 1). The top of the Palacozoic deposits
dips slightly from east to west, following the general thickening of
the Platform cover towards the orogen.

Transylvanian Depression

From the seismic viewpoint, the sedimentary cover of the
Transylvanian Depression is divided into two distinct sequences
by the salt-Dej Tuff horizon, as follows: a lower sequence

TWT {s}

Fig. 11. Seismic secton of line B notth Te
TWTis; Mures.
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corresponding to the pre-Badenian deposits, and presenting only
several short reflections; and the upper sequence, of Neogene
age, showing prominent reflections of high frequencies.

Two deep seismic reflection lines have been performed in
the central side of the basin, one in the northern part and the
other in the southwestern part of Tg. Mures city (lines F and G in
Fig. 1).

The seismic reflection line F with a NW-SE orientation is
located between the uplift area of Pogaceaua and the depression
region of Reghin. The seismic section shows a strong reflective
horizon at 1.8 s TWT, that was attributed to the salt—Dej Tuff
complex (Fig. 11). The prominent reflection from 2.0 s TWT was
interpreted to be the crystalline basement surface. The strong
reflective zone from 5.0-5.5s TWT marks the transition zone
between the upper and lower crust. With an average velocity of
5.0 km s~! (Fig. 12), the depth of this hotizon was interpreted to
lie at 13 km. The seismic teflections at 6.4—6.5s and 8.4-8.55
TWT belong to the lower crust. These intense reflections suggest
the nappe structure of the Transylvanian basement. The
reflectivity analyses of this line ate shown in Fig. 13. The
reflectivity pattern of this line is evidence of a ductile medium
in the lower crust agrecing with the high temperatures at
20 km depth of 400°C (Demetrescu & Andreescu 1994).
Unfortunately, the Moho is not shown by this line because it is
below 10 s TWT.

The deep seismic reflection line G shows the salt—Dej Tuff
layer at 2.1 s TWT on the notthern side, and at 2.5s TWT to the
south (Fig. 14). The Mesozoic deposits lie in the 3.0-3.1 s TWT
interval. The top of the crystalline basement was interpreted
between 3.7 and 4.2 TWT. This line is characterized by a
strongly reflective sedimentary cover, with many lengthy
teflections. The basement surface is shown by some pronounced
reflections interrupted by deep fault zones. These reflections are
hotizontal on the southern side, and they start to dip slightly
towards the north. The reflectivity histograms in Fig, 15 show a
decreasing reflectivity with depth in the upper crust. The length
of reflections varying between 1 and 2 km, in accordance with

2 V(Km /s} 2 3 5 V{Km/s)
0

e

: i

20 5

-

o

H(Km)

30
Tis) (2) 1 {b)

Fig. 12. (a) Average velocity (V_) vs. time and (b) interval velocity (V B
vs. depth in the Transylvanian Depression.
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Fig. 13. Reflectivity histograms of line F, north Tg, Mures. (a) histogram
of reflectivity density; (b) histogram of average length of reflections;
() simplified crustal model. For key, see Fig.5.

the relatively low temperature at 20km depth of ~ 300 °C
(Demetrescu & Andreescu 1994 ). The top of the lower crust at
6-7 s TWT is marked by a slight increase in the reflectivity. The
base of the seismic time section ends at the lower crustal level; the
Moho is not reached.
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Fig. 14. Seismic section of line G, south Tg. Mures.



208 [

V.2 3H Iood St
& * + L [+ eernd [ y
= “ PR 3 E—— o b Bsamen
il : & P E O[+7s
5 ] :3: I E i
e 9 l] £ Torrat
'J_: l T A ¥ ov
4 A c@. J”
"
3
| k.
2 &) )

Fig. 15 Reflevtivity hustoprams of line G, aourk Tg Murcs, {8}
histogram of reflecoviry density; (b histogian: with RveTage fength of
rd’Lcu{)ns (c) simplif fied crustal rodel. Tor key, wee Figh.

Pannomian Depression

The Pannonian Depression has been thoroughiy investigaied by
suismics beeause of its greae potential fos oil. The scismic Lnes
reeorded in this tegion show distinetive reflectivity pamerns for
the Pliceens and pre-Phocene layers. W & reflective heimons
belongng w the Phocene are readily correlated over 1 divtnce,
the pre-Pliocsne lavers show only a few short reflecnons,
evidence of the highly teetonized regime of these formations,

The crvstalline basermnent surface was on
seismic secnions aceuitied i the oplified arens, where the PHocens
deposits directly ovetlic the basement Jonesen 1967, 19705,

The sedinentury cover of nian I)epwmf;n [rreseiits
somne spreific sszsmng-.ulcgmm sequences which vare from one
region o anather, Thus, fout rmmin selsme SCEUCTICES  Wor
separared in the Amd zome (Fig 1) the Miocene seguence (1),
witl: high amnplitude and low frequency reflectinns, which oy s:iL-cs
discordantdy the crysmalline basement, the Lower Pannonian
(23, the Middle Pannonian {3y and the Upper Pannoman (4)
{Boesa 1957,

Orher seismogeolomeal markers specific o the Pa

4

FITMGHIAN

Fig. 16. Seismic seetion of kne H, the Cares zone {Pannonian Depression).

{Jrades
¢ base of the Pannonian deposits (north Cmdes), and the
Sarmanan—Haderian boundary Saru Mare replon),

- A degp seismic seflection lne recorded in the Cared zone (ne
H iz Fig 1) shows a reflective sedimentary cover down o
28225 TW'T and 2 relanively transparant crust, croased by surne
short and dipping sverus, down 1o 86-8.0 4 TV’J, that represent
2 ansition (fum the crost to the uppermost mante (2628 km
depth; (Frp 18).

Depression are: the surface of the Cretacecus imestones {{

zose),

CONCLUSIONS

Seismic raflecion and reltaction profifing in Romania has
cHscoversd some srong scismic markers in the sedimhentary cover
of the platforms, 23 a result of the high conmast in acoustic
impedance herween the geological layers, These horivons are very
impotiant for thelr correlation with several h}-u[(}"_‘ﬁrbi:r:—bcﬁn:"ié:
siroctural unes,

Sand and gravel formations (with low velocid
marlz, aandseones and Bmestones fwith kigh v 5} arc strony
ssistmic reflectdve hotizons with high amphitude and are easy m
correlate over 2 distance. €M these formasdions, the Lower
Sarmatizn secrion, composed of caloars and hard
limestonss, presetizs Ex;t_{b reflection coef ity and can be traced
over extensive aress of the Moesian Marform, This selamic
marker sepafaccs the Dipper Neogene sequence, with g

3oas well as

5

Mok

horizonial refizgrinns (evidence of 2 guitscen: sedimenzary
processy, fromn the lower sequenet of Mesozoic-Palzenzoic age,

which shows dioping and disconnnuous reflections, A similar
character is shawn by the Pannonian-pre Pantonian boundary in
the Pannonian Depression, and by the salt-Diej Tuff geological
cotnplex from the Transvlvanian Daprcsum

The devper sedimentary cover of rhe Moesizn Plaform
cOnLaing prnmmmt reflections fiom the Cretaceous and furassic
calearenus beds and from the Trizssic dolomites, as well as from
the Palueozoic Emestones,

Basstaeni surface



O

The surface of the tailine basement i ponrly nmarked on the
seismic reflection profiling over te Moesian platform, The deep
seispnie o -Ency (IL VL X1, X1, and I?‘{li in Hig 1)

alse id::'\{i*‘:‘z: L1 "u

17 “a?‘
o5 were i Ieﬂufre-! i *he s!erp or
per 1o the ower crust was marked on
raction Haovs as an imterve! dhat passes
crast 1o a reflecoive lower crusr, of 85
hend waves with velogities of ~ 7.0 kg s {sec Hues T and Xil in
the Moesiags phadorm, Hne I in the Carpathian ep, and
Hae X1 m the Transylvenian Depression). The crus—mantle

boundary appesrs as 2 ansidion zone of a thickness of 2.3 5
TWTE on the selsmic reflection Hnes, or 3-5 km thick on
refraction profiles, rather than as a sharp boundary, It Bes ax
3035 km depth in the Moesian platform, 33435 km deprh in
fi\{ﬂfﬁaviaﬁ Hattorm, 2834 km in the Transyhvanian Depression,
atnd 2629 kep i the Panmonian :)cp-\_mﬁﬁ The deepest Meho
m Rczzzazm B eneonmntered in the Car izn foredeep, m from
ies an a daprh of arocad

Xorme seismic characos

The transidon from the w
most of reflecton and r
E HI B trar5*= Tont LPF‘

5

the Carpathian arc hand zene, where it
32 k.

x do attendizg the
e imih eadibors and an
ATVGTVFIVOUE FEVITWRT er t't}pruvmg the txn(t. version of ot papTr.
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