B. GEOPHYSICS IN THE REGION OF THE PROJECT

B.1. GRAVIMETRY
J. SRAMEK, J. MRLINA, J. SvANCARA, M. CHLUPACOVA

Twao subareas, E of Karlovy Vary and S of Klatovy (Fig.3),
not covered by the previous survey, have been recently
measured in the framework of the project “Geological
model of western Bohemia in relation to the deep borehole
KTB 1 in the FRG". A detailed gravimetry survey of the
area of the Czech Republic, at the scale 1 : 25 000, com-
menced in 1970, It included measurements of 4 to 6 stations
per km?. The field measurements and data processing into
Bouguer anomaly maps were conducted by the company
Geofyzika, Inc., Brno, Czech Republic.This resulted in the
complete detailed gravimetry coverage for the W part of
the Czech Republic. A Bouguer anomaly map has been
compiled at the scale 1 : 200 000, based almost exclusively
on detailed data (1 : 25 000) over an area of 50 km along
both sides of the seismic profile 9HR, covering about
17 000 km? (Fig. 3).

The set of detailed gravimetry maps of this region at the
scale 1 : 200 000 is presented in Sramek (1994b) and a set
including more important maps is presented here on a
reduced scale (Pls. 1 to 7).

The Bouguer anomaly map contains gravity signals as a
function of the density structure of the crust to a depth of
approximately 5 to 10 km, exceptionally up to 15 km. The
derived gravity maps (Pls. 3 to 6) show the gravity effect
calculated for a certain depth level. The gravity maps are
important in providing indications of three-dimensional
geological structures. The interpretation of gravity data
thus provides information on the depth continuation of
geological bodies having a sufficient density contrast com-
pared to neighbouring units.

B.1.1. Gravity field - its features
and geological interpretation

J. SRAMEK, J. MRLINA

The gravity field of the region (Pl. 1) shows remarkable
variation and attains a maxima of +20 mGal in area of the
Kdyné& gabbro complex and a minimum of -57 mGal in the
Karlovy Vary granite pluton which is the lowest gravity
value in the Czech Republic. Geological interpretations of
the gravity field of the region were presented by Polansky
et al. (1973, 1983, 1990), DoleZal et al. (1981), Pokorny et
al. (1985), Blizkovsky et al. (1988), Pokorny (1973), Roh-
lich-Stovickova {1968), Mrlina et al. (1993) a.0. A detailed
review of existing geophysical gravity interpretations was
compiled by Pokorny (1993). In the following interpreta-
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tion of gravity anomalies and structural features (gradients
and indications of tectonic discontinuities), results ob-
tained by the quoted authors are used.

B.1.1.1. Division of the gravity field using horizontal
gradients of gravity in areas with a regicnally stable
gravity field

The gravity field of the region is divided by regional hori-
zontal gradients which indicate a vertical density contrast
on the order of several kilometres among crustal blocks
with a distinct geological structure (Pls. 1, 7). The gravity
gradients are used to define domains with a regionally
stable gravity field, showing either dominantly positive or
negative gravity values (BliZkovsky et al. 1988). The density
gradient corresponding to the Litoméfice thrust-fault rep-
resents the boundary between the Kruiné hory negative
gravity area and the Tepla-Barrandian Unit {TBU) positive
gravity arca. The deep-seated character of this boundary
diminishes in the proximity of Maridnské Lizné and here
it splits in two branches. The more prominent branch coin-
cides further with the Maridnské Lazné fault and, following
a shift of 4 km to the west, it corresponds approximately to
the West Bohemian shear zone (= the Bohemian quartz
lade). This relatively shallow gravity gradient, running from
Maridnské Liazng up to the CR-FRG international bound-
ary, represents a divide between the positive gravity area of
the TBU and the negative subarea of the Bohemian Forest.
The gravity gradient of the Central Bohemian Suture cor-
responds to the boundary between the positive gravity area
of the TBU and the negative gravity area of the Moldanu-
bian Zone. In the region studied the Central Bohemian
Suture is intersected and partially displaced by the Klatovy
and Benelov faults, and some transversal faults,

A comparison of gravity areas shows notable qualitative
differences in the homogeneity of the gravity field. The
TBU positive area is characterized by a strongly defined
internal structure owing to large gravity gradients along the
borders of partial anomalous bodies. The main structural
trend of this area is NNE-SSW to NE-SW. In the Kruiné
hory area the negative gravity subarea of the Karlovy Vary
pluton is dominant. Its northern part has a NNW-S35E
elongation, and the southern part trends NE-5W. The
gravity field in the area of this pluton also indicates the
influence of a WSW-ENE trend (gradient of the Kruiné
hory marginal fault) and a NW-5SE trend. Geelogical units
bordering on the Maridnské Lizné fault exhibit notable
discordance in their internal gravity structure: the Bohe-
mian Forest (Moldanubian Zone), with structures trending
M-S, and the TBU with structures trending NNE-55W to
NE-SW. The main region of the Moldanubian Zone is
characterized by subdued gravity field variation, free of a



distinct linear orientation of gravity isolines. This situation
is caused by the limited variation in density of the prevalent
rock types.

B.1.1.2. Geological interpretation
of the main anomalies of the gravity field

The sources of gravity anomalies in the region have been
characterized by Srdimek-Mrlina (1993 and 1994). The ano-
malies listed are shown in PL. 2. A Bouguer anomaly map
(Pl 1) and a published geological map of the Czech Repub-
lic are useful in studying the description of the main anoma-
lies. The structural scheme of the gravity field is shown in
PL 7.

The Kruiné hory negative gravity area
and the Bohemian Forest subarea

The Krufné hory area is dominated by the negative ano-
maly of the Karlovy Vary pluton {(anomaly 3 in Pl. 2, only
anomaly number from here on). The gravity anomaly of this
pluton, indicating its lower limit, has its central part coin-
ciding with the Kruiné hory fault and overlaps along with
the Sokolov brown coal basin. In the area of the Horni
Slavkov gneiss block the isolines of the Karlovy Vary pluton
show a bulging to the SW towards a smaller negative
anomaly corresponding to the Zandov granite intrusion
(anomaly 3a).

In the remaining parts of the Kruiné hory area, the
gravity field is influenced by the subsurface Kruiné hory
pluton, located below metamorphic rocks of the Kruiné
hory and Jachymov Groups (anomaly 3b), Mica schists of
the Svatava subarea, phyllites of the Vogtland-Saxony Pa-
lacozoic (anomaly 2), and phyllites of the Cheb subarea
(anomaly 5) belong to a positive gravity area. Neogene
sediments of the Cheb basin {(anomaly 1) and granites of
the Smréiny-Fichtelgebirge pluton (anomaly 4) produce a
negative gravity field. The gravity effect of the Smréiny
pluton is much weaker compared to the Karlovy Vary
pluton, indicating a significantly shallower extension of the
former.

In the negative gravity subarea of the Bohemian Forest,
(Blizkovsky ct al. 1988), the southern part of the Bor pluton,
elongated N-S, represents the most notable negative ano-
maly which indicates a particularly deep continuation of
this part of the pluton. Besides this part, only the north-
ernmost part of the pluton has distinct negative features,
while the central and much of northern part coincide with
a positive anomaly. This indicates a rather limited thickness
of the granitoid body and also the presence of mantle roof
pendants, including amphibolites (anomaly 7e, 20). A ne-
gative field is also associated with the Tachov orthogneiss
(anomaly 21), which possibly extends eastwards below the
Bor pluton, and the Rozvadov pluton (anomaly 22).

The Tepld-Barrandian Unit positive gravity area

Positive anomalies elongated S8W-NNE to SW-NE are
typical of this area. The positive anomalies are caused by

volcanic and plutonic basic rocks. Particularly strong ano-
malies are associated with the Kdyné pluton, the Pobé-
fovice pluton and the amphibolite massif of Cernd hora
(anomalies 35, 36, and 37). The positive gravity area con-
tains surface bodies with an increased density, such as basic
intrusions, basaltic metavelcanites (anomalies 38, 40, 44,
and positive anomalies inside structure 35) and subsurface
sources in the upper part of crust. The Jatter include basic
intrusions and volcanic accumulations approximately 3 to
5 km below the Earth's surface (anomalies 35, 36, and 37).
Smaller negative domains in the gencral positive gravity
area comprise lower-density metasediments free of basic
magmatic rocks {anomaly 45) and small granitoid intru-
sions (anomalies 41a, 41b, and 80).

In the eastern part of this positive gravity area, around
the Kdyné, Stod, and PobéZovice plutons, there is an ob-
long-shaped background positive arca consisting of smaller
local anomaiies (anomaly 33). These local positive anoma-
lies correlate with the Kdyné pluton and with the Do-
mazlice-Kralupy volcanic belt continuing NNE. Southwest
of the St&novice pluton the anomalous belt becemes nar-
rower and the positive values somewhat decrease (compare
the width of anomalies 35 and 37). This narrowing is caused
by transversal faulting (Stod fault) and also by probable
absence of subsurface intrusive basic rocks further NNE.
The continuation of the Doma#lice-Kralupy belt is indi-
cated by anomalies 28 (accumulation of volcanites near
Radnice), 16, and 33.

Besides the central volcanic belt (DomaZlice-Kralupy)
the following volcanic belts are also indicated: Nepomuk-
Piibram (anomalies 49, 52), Stiibro-Plasy (anomaly 13) and
Svojéin (anomalies 15¢ and 15d).

The Brdy anomaly, No.32, largely coinciding with the
Nepomuk-Pfibram belt, probably indicates a subsurface
basic intrusion,

Another remarkable positive anomaly is a doublet, Nos.
7 and 8. Anomaly 7 corresponds to the Maridnské Lazné
Complex (MLC) and comprises several smaller anomalies
(7a through 7e). The whole composite anomaly has a com-
plicated shape with indications of horizontal gravity gradi-
ents which probably correspond to contacts between basic
rocks and lower-density metasedimentary rocks, i.e., gneis-
ses and migmatites of the Tepla Crystalline Unit and Mol-
danubian paragneisses and migmatitic cordierite gneisses
of the Bohemian Forest. Metamorphosed basic rocks of the
MLC continue in the subsurface structure towards the SE
below the Teplda Crystalline Unit up to a distinct gravity
gradient (anomaly 7a), coinciding with the biotite isograd
on the surface. Local positive gravity anomalies occur in the
subareas of the central and northern Bor pluton and in
amphibolite accumulations W of Tachov {anomalies 7e and
possibly 7f}. Although these anomalies appear as a possible
continuation of the MLC, the respective basic rocks should
belong to tectonic units other than the MLC,

The second remarkable positive anomaly in the NW
(anomaly 8) is probably associated with metabasic rocks
equivalent to the MLC, hidden in the crystalline complex
below platform (Zatec area) and Permian-Carboniferous
sediments of the Kladno-Rakovnik basin. The Tertiary
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Doupov stratovolcano overlaps the subsurface accumula-
tion of MLC rocks and increases the total gravity effect
{anomaly 8a).

The Kladruby and Cist4-Jesenice granitoid plutons and
the St&novice stock occur in the TBU positive gravity area.
The Kladruby pluton (anomaly 24) reaches its deepest
subsurface extension in its NW part, showing the NE-SW
trend of the gravity minimum axis. The Sedmihofi plug
coincides with an independent, nearly circular gravity ano-
maly (No, 47). A similar symmetric negative gravity effect
is caused by the Sténovice stock (anomaly 48). The Cisté-
Jesenice composite pluton is seen in the gravity field as an
intrusion with variable density corresponding to variations
in petrography. The part near Petrohrad is characterized
by positive gravity anomalies (Nos. 13 and 13a). The Padrt
granite intrusion, probably an apophysis of the Central
Bohemian Pluton, is associated with a negative pravity
anomaly (53). The hypothetical subsurface Pfiovany intru-
sion, interpreted from the negative gravity field No. 26,
remains somewhat uncertain, The Stod massif is associated
with a positive gravity anomaly (43). This probably indi-
cates a small thickness of this granitoid body and the pos-
sible presence of basic rocks in the deeper structure. The
part of the Central Bohemian Pluton (CBP) NW of the
gravity gradient of the Central Bohemian Suture and NE
of the “Ro¥mitil axial ramp” (= flexure) also has a positive
gravity field. This indicates a rather limited thickness of
granitoids and the presence of higher-density (basic) rocks
below these granitoids. The tectonic affiliation of these
basic subsurface rocks is somewhat uncertain, but accord-
ing to some interpretations they should represent basic
igneous rocks belonging to the TBU,

An extensive negative gravity anomaly is seen between
the positive anomaly of the MLC in the NW and the
positive gravity area of the Kdyné, PobéZovice, and Stod
plutons, and the Stfibro-Plasy volcanic belt in the SE.
This lower-density Kladruby-Manétin zone (anomaly 23)
probably corresponds to a part of the TBU free of basic
igneous rocks. Cambrian volcanites of the Kfivoklat-Roky-
cany belt (anomaly 29) and the Permian-Carboniferous
sedimentary fill, i.e., the Plzefi basin (anomaly 23), the
Kladno-Rakovnik basin (anomaly 9), and the Manétin ba-
sin (anomaly 10, 10a), are associated with negative gravity
anomalies.

The Moldanubian negative gravily area

In the studied part of the Moldanubian Zone the composite
negative gravity effect is caused mainly by the presence of
granitoids, migmatites, felsic granulites, and orthogneisses.
Positive gravity areas correspond to durbachitic melagrani-
toids, paragneiss units free of granitoids, and, to some
extent, to thick accumulations of the Varied Group.

A dominant gravity feature of the main Moldanubian
area is the extensive negative anomaly 64, designated as the
Putim anomaly. Its northern part coincides with surface
outcrops of the CBP, and its central and W parts corre-
spond to strongly migmatized areas of the Moldanubian
Zone and the Podolsko complex, comprised of leucocratic
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migmatites, orthogneisses, and minor felsic granulites
which attain a structural thickness of at least several km.

The Prachatice and Kii¥fanov granulite massifs are cha-
racterized by steep gradients in the regional gravity field
and by prominent negative anomalies (72, 89). The Blansky
les granulite massif is associated with a lower gravity con-
trast, owing to the presence of abundant ultramafic rocks,
mainly metaperidotites (anomalies 75, 76), and to a
smaller structural thickness of the massif. The positive
gravity anomalies associate with durbachites of the Velky
Mehelnik intrusion (69), the Zelnava massif (77) and the
Netolice intrusion (anomaly 73).

The Central Bohemian Pluton (CBP) shows a negative
anomaly associated with the Blatna granodiorite (anomaly
60) and the Klatovy apophysis (anomalies 58, 59a). The
domain of the “RoZmital axial ramp” (= flexure) coincides
with the negative gravity anomaly 33.

Local negative gravity anomalies coincide with individual
granitoid intrusions of the Moldanubian Plutonic Complex
{MPC): the Pridily pluton (anomaly 79), the Vydra massif
(84), the StraZny pluton (88), the Plechy pluton (87), and a
subsurface intrusion near the Pridily pluton (anomaly 78).
The Seviétin pluton further E is also associated with a
negative gravity anomaly (No. 71).

Rather extensive subareas of the Moldanubian Zone
devoid of granitoid rocks are indicated by regional positive
anomalies (Nos. 68 and 83).

B.1.1.3. Geological interpretation of “derived”
gravity maps

Maps of residual and regional gravity fields

The derived gravity maps (Pls. 3-6) show accentuated ano-
malies of certain wave lengths in the Bouguer anomaly
map, corresponding to the respective depth level. Pl. 3
shows a map of the residual gravity anomaly, retaining
the gravity effect of a layer from the Earth’s surface to a
depth of approximately 3 to 5 km. The residual signal
of the gravity field is contained in the regional gravity map
representing the gravity effect from the level of approxi-
mately 3to 5 km below the Earth’s surface to greater depths
(PL. 6).

The map of the residual gravity anomaly shows a splitting
of some gravity anomalies, a narrowing of gravity gradients,
and shifts in the position of centres of anomalies. P1. 3 shows
increased gradient contrast along the southern margin of
the Karlovy Vary pluton, reflecting a narrowing of the
Litomé&Fice thrust-fault gradient. Also notable is the shift
to NW of the positive gravity anomaly below the Doupaov
stratovolcano (Pl. 6, anomaly a). This probably reflects the
effect of a subsurface basic body in the crystalline complex.

In the area of the regional positive anomaly between the
Kdyné, PobéZovice, and Stod plutons, the map of the resid-
ual gravity anomaly shows a subarea with a closed negative
gravity anomaly. This indicates a domain in which higher-
density rocks are absent from near surface parts of the crust
(anomaly b)., Higher-density rocks can be expected in a
deeper crustal structure, which lie under subareas with



positive surface gravity anomalies as well as the subarea
with the negative anomaly b {(compare Pl. 6).

In the Moldanubian Zone, the map of the residual gravity
anomaly shows a splitting of the extensive Putim negative
gravity anomaly. The northern part in the split pattern
coincides with granitoids of the CBP (anomaly e} and joins
the negative gravity anomaly of the Blatnd granodiorite
{anomaly e;) and the “RoZmitél axial ramp” (anomaly &).
These three anomalies thus indicate lower-density rocks in
the CBP. The S part of the Putim anomaly splits into several
subdued, both positive and negative anomalies, which do
not support the existence of a large low-density unit in the
upper part of the crust. Rather, the existence of such a
low-density body is indicated in Pl 6, characterizing a
structure below the level of the map of the residual gravity
anomaly, i.e., in the interval between 5 and 15 km below
Earth's surface. This information suggests that the Podol-
sko complex is a major unit in the Moldanubian Zone.

Granitoids of the Klatovy apophysis are accompanied
in the map of the residual gravity anomaly by anomalies f;
and f;, the former showing a deeper-level continuation. In
the Moldanubian Zone, subareas free of granitoids and
intense migmatization are indicated by the anomalies g,
g4, and g,

Maps of density boundaries

Maps of density boundaries (Linsser’s indications) localize
steep to vertical interfaces of adjacent domains with con-
trasting densities. Such boundaries correspond to lithologi-
cal boundaries, faults, or to a combination of both. They
also express horizontal and vertical structural features in
zones of broad gravity gradients, including the trends of
axes in such gradient zones.

Maps of Linsser’s indications are shown in P1. 5 for the
level 500 m below the Earth’s surface, corresponding to
gravity discontinuities of a shallow geological structure, and
for the level of —5000 m (Fig. 6), characterizing the deeper
tectonic structure.

B.1.1.4. Quantitative interpretation of selected gravity
anomalies and estimates of depth positions of respective
rock units

Table 1 summarizes data on depth extension of the most
important geological units and igneous bodies. It is noted
that a quantitative interpretation of gravity anomalies fre-
quently has a large number of possible solutions. In view of
this, an average value is given or a certain range of a given
parameter, primarily the vertical position of the base of
respective body. This parameter is adversely influenced by
the complicated structure of the gravity field and by inter-
ference from neighbouring bodies of variable density. Even
so, the data on depth position provide important informa-
tion on the structure of the upper part of the crust and on
the geometry of individual bodies with anomalous density.
Most of the data contained in Tab. 1 have been drawn from
unpublished reports by Dobeg, DoleZal, Mrlina, Polansky,
and Svancara. Various types of calculators and computers

Table 1. Summary of data on depth of the main geological bodics based
on quantitative interpretation of gravimetric data

Anomaly | Geological source Depth of the margin {in km)
No. (see
Pl. 2)
top base
1 Cheb basin 0 0.05-0.1
locally up
ta (.35
3 Karlovy Vary pluton 0 10-15
Smréiny platon 0 6-8
Maridnské Lazné
Mectabasite Complex
western part 0 2-1
eastcm part -2 5-8
11 Cisté-Jesenice pluton 0 68
15 metabasites 0 0.5-1
{Stiibro-Plasy belt)
16 metabasiles 0 0.5-1.5
{Domadlice-Kralupy
belt)
19 Bor pluton, S. part 0 68
22 Rozvadov pluton 0-0.5 67
24 Kladruby pluton H 2—4
25 Plzefi basin 0.8
26 Phiovany pluton 0.5 1.5-3
29 Kfivoklit-Rokycany belt [} 3
35 basic rocks -1 3-5
of the Kdyné pluton
38 Cerné hora amphibolite 0 2-3
massi{ _
39 Drahotin stock 0 0.5
40 Pobéiovice pluton 0 2
42 Babylon stock : 0 3
43 basic rocks 0.3 34
of the Stod pluton
45 phyllites without 0 1-1.5
basic rocks
46 Vidice amphibolite belt 0 0.5-1
47 Sedmihofi stock 0 &-10
48 Sténovice stock 0 68
58, 59a Klatovy apophysis _ 0 3
60 Central Bohemian 0 -5
, Pluton: western parl _
64 Podolsko complex 2-3 10-15
{Putim anomaly)
78 hidden granite pluton 0.3 5
79 Praily pluton 0 5

were used with programs for direct and inverse gravimetric
task. Most often, Talwani's method of 2-D and 2.5-D mod-
elling has been used. Recently, advanced systems for the
interactive interpretation of profile data have been used.
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Table 2. Sources of anomalies shown in the structural scheme
of the gravity field (Pl. 2)

Palaeczoic Svatava
crystalline unit

Ancmaly| Geological source References
No.
1 Cheb basin Polansky, Sfovitkovd, Rackovi
(1973), Polansky (1973)
2 Vogtland-Saxony

Tabie 2 (continuation)

3 Karlovy Vary pluton | Polansky (1970, 1971, 1973,
1978) Polansky, Petrak (1974),
Polansky, Skvor (1976), Conrad
et al. (1983)
3a | Zandov pluton Polansky, Sfovickovd, Rackovi
{1973}, Polansky, Skvor {1976),
Polansky (1978), Mrlina (1993)
3b elevation of the Polansky (1970, 1971, 1973),
Kru¥né hory pluton | Polansky, Skvor (1976)
4 Smréiny pluton Polansky (1970), {1971), Polan-
sky, Stovitkovd, Rackovd (1973)
5 Cheb crystalline unit |
3] Sokolov basin Polansky (1975), Polansky,
Stovickovi, Rackova (1973)
7 Maridnské Lazné Petrdk, Polansky (1969),
Metabasite Complex | Polansky (1975, 1978),
Polansky, Skvor (1976),
Mrlina (1993)
Ta basic intrusive rocks | Petrék, Polansky (1969), Polan-
amphibolites sky (1975, 1978), Palansky,
Skvor (1976), Mrlina (1993)
Tc diorite to gabbro Mrlina {1993)
intrusion near Brod
nad Tichou -
Td amphibolite body Mrlina (1993)
7t amphibolites of the Pokomy et al. (1987), Mrlina
Moldanubian Zone {1993)
Bohemian Foresl
8 basic and ultrabasic Buday et al. {19&9;, Polansky
rocks of the crystalline | (1971), Polansky, Skvor (1976)
basement of the North
Bohemian basin and
the Kladno-Rakovnik
basin
Ba neovolcanites of the Buday et al. (1969), Polansky
Doupov stratovolcano | {1971)
9 Permo-Carboniferous | Bartodek et al. (1969)
of the Kladno-Rakov-
nlk basin
10 Permo-Carboniferous
of the Manétin basin
11 | Gisté-Jesenice pluton, | Buday et al. (1969)
eastern margin of ano-
maly corresponding to
the Permo-Carbonife-
rous of the Kladno-
Rakovnik basin
12 | Cista-Jesenice pluton | Buday et al. (1969)
the Tis and Jesenice
parts, respectively
13 | Cista-Jesenice pluton | Buday et al. (1969)
Petrohrad part

13a | a facies of the Petro-
hrad granite ? {SE of
Lubenec)

15 spilites (Stfibro-Plasy | Mrlina (1993)
belt)

i6 spilites ( Domazhce- Polansky {1988a, 1988b), Polan-
Kralupy belt) sky, Mrlina, Pedka, Pokomy

(1990)

17 Permo-Carboniferous
of the Zihle basin |

19 Bor pluton, southermn | Pokomy, Polansky (1971), Po-
part lansky, Skvor (1976)

20 | amphiboliles and basic | Pokorny, Polansky {19?1;. Po-
intrusives below lansky (1975), Polansky, Skvor
granitoids of the Bor | (1976), Doledal et al. (1981)
pluton

21 Tachov orthogneiss DoleZal et al. (1981), Mrlina

(1993}
21a | eastern continuation
of the Tachov ortho-
gneiss or granitoids of
the Bor pluton
22 Rozvadov pluton Dolezal et al. {1981), Mrlina
(1993)
23 Kladruby-Manétin Polansky (1971}, Mrlina, Polan-
zone sky (1986, 1987), Polansky,
Mrlina, Pedka, Pokorny {1990)
24 Kladruby pluton Mrlina, Polansky (1986), Polan-
sky, Mrlina, Peika, Pokomy
(19%0)
25 Plzed basin the main | Polansky, Mrlina, Peika, Fokor-
“light” body ny (1990), Mrlina, Polansky
(1986, 1987)
25a | Permo-Carboniferous
of the SW part of the
Plzefi basin,

26 the supposed Pliovany | Mrlina, Polansky (1986, 1987)
granitoid pluton i

27 spilites (DomaZlice- | Polansky, Mrlina, Peika, Pokor-
Kralupy beit) ny (1990) -

8 spilites (Doma2lice- | Polansky, Mrlina, Peska,
Kralupy belt, Radnice | Pokorny {1990)
body)

29 Kifivoklat-Rokycany Dobes, Dolansks (1973),
belt Sramek et al. (1986)

32 the “Brdy anomaly”, | Vilek, Jaros (1972), Jaros,
basic rocks below the | Vilek (1975), Misaf et al.
Cambrian (1984), Tomek et al. (1970)

33 spilites { Domalice-

Kralupy belt)

35 spilites (Domaiiice- Buday et al, {1969), Doleial et
Kralupy belt) and al. (1981), Vejnar et al. (1984),
basic intrusive rocks | Polansky, Mrlina, Peika, Po- ‘
of the Kdyné pluton | komy (1990), Kadlec, Motlovi,

Sustr (1976)

36 | regional background

of the gravity field, the
source se¢ anomaly
No. 35




Table 2 {continuation)

Table 2 {continuation)

negative anomaly pro-

bably indicating a strong

migmatitization in the
Moldanubian Zone

Tomek (1974, 1975)

65

basic rocks of the
Central Bohemian
Pluton

Sramek et al. {1986)

66

melabasites of the
Jllove belt

Srdmek et al. (1986)

68

positive gravity anomaly
between the
Moldanubian Pluton
and the Central
Bohemian Pluton
{Moldanubian gneisses}

Maottlové, Suk (1970), Misaf et
al. {1972), Suk, Weiss (1973)

69

Mehelnik durbachite
pluton

Tomek (1974), Tomek, Obr
(1975)

&9a

Bechyné orthogneiss

7l

Sevétin pluton

Kadlec, Odstréil, Salansky
(1978)

72

Prachatice granulite
massif

Misaf et al. (1972), Sramek
(1994)

73

Netolice pluton

Sramek {1904)

T4

ultrabasic rocks and
amphibolites in the
Blansky les granulite
massif

Kadlec, Odstréil, Salansky
(1978)

T

Zelnava durbachite
plu Lon

78

Misaf et al. {1972)

a hidden granite body in |Mrlina, Polansky, Dolanskd

the Sumava part of the
Moldanubian Pluton

(1984)

79

Préfily pluton

Misaf et al. (1972)

80

an elongated granite
body

43

positive anomaly
indicating the absence
of granitc bodies in the
Moldanubian gneiss
complex

84

Vydra pluton

87

Plechy pluton

Misai et al. (1972)

L

StréZny pluton

Misaf et al. {1972)

&9

Kfiffanovice granulite

bady

Chomutov basin
(western margin)

01

fictive anomaly
resulting from
calculation duning the
separation

38  [Cemn4 hora Dolezal et al. {1981), Polansky,
amphibolite massif Mrlina, Pekka, Pokomy (199(0)
39 Drahotin stock Polansky, Mrlina, Peika,
Pokorny {1990}
40 Pab&Zovice pluton DoleZal et al. (1981), Vejnar et
al, (1984), Polansky, Mrlina,
Pcika, Pokorny (1990)
41 fine-grained pranitoids
of the Domailice
Crystalline Unit
42 Babylon stock DoleZal ot al. (1981), Vejnar et
al. (1984)
43 Stod pluton-basic body |Polansky ¢t al. (1983), Mrlina,
below granitoids of the |Polansky (1986), Polansky, Mr-
Stod pluton, its base is |lina, Pedka, Pokorny (1990)
in adepth of 3to 4 km
43a |NNE part of the Stod | Mrlina, Polansky (1986),
basic body supposed | Polansky, Mrlina, Peka,
below the Stod pluton [Pokomy {19%0)
44 spilites between
Holygov and Statkov
d44a |Carboniferous ofthe |Polansky, Dobes, Mrlina (1982)
Merklin basin
45 “Usilov negaltive Dalezal et al, (1981), Vejnar et
anomaly”, al. (1984)
(metasedimentary unit
free of basic rocks)
46 Vidice amphibolite belt | Pokomny et al. (1987)
47 Sedmihofi stock Mrlina, Polansky (1986)
48 Sténovice stock Slechta, Polansky, Dolanskd
(1980)
49  |spilites of the Klatovy- [Polansky et al. (1983)
Dobiit belt and spilites
between Borovno and
Nové Mitrovice
51,52 |spilites
53  |Padrt granite pluton
56  |granodiorite {marginal
type) of the Central
Bohemian Pluton
57  |basic rocks of the Sramek et al. (1986)
Central Bohemian
Pluton
58, 59a, |granitoids of the Polansky et al. {1983)
59b  |Klatovy apophysis
60 the main negative de- | Mrlina, Polansky, Dolanski
pression of “light” gra- |(1954)
nites of the Central
Bohemian Pluton
61 positive ancmaly of the
Cervend type
granodiorite, Central
Bohemian Pluton
62 Mirotice roof pendant

in the northern part
metabasites of the
Tilové belt

92

anomaly apparent in
residual map, Horni

Slavkov Crystalline Unit

53

spilites

29




Table 2 {continuation)

Table 3. Regional faults in the structural scheme taken from earlier
interpretations (PL 7)

100 | positive anomaly indi-
cating higher-density
rocks below the Cent-
ral Bohemian Pluton

Buday et al. (1969)

Kadlee, Odstréil, Salansky
(1978)

101 | granulites of the
Blansky les massif

102 absence of basic rocks
in the crystalline
complex,
corresponding to the
“Usilov anomaly”

103 | orthogneisses near
Hlubok4 nad Vitavou

B.1.1.5. Structural scheme of the gravity field

In construction of the structural scheme of the gravity field
(Pl. 7) all the gravity maps of western Bohemia listed by
Sramek (1994b) were used. The most important informa-
tion from these maps and interpretation results are incor-
porated in the scheme which, by using simplified graphic
means, shows structural features of the gravity field. Many
of these structures are not as easily noticed in the Bouguer
anomaly map and in maps of the residual gravity anomaly.
The structural scheme also contains the interpretation of
regional fault positions (Tab. 3) given by Polansky et al.
(1973, 1983, 1990) and Mrlina (1993).

The axes of gravity gradients are shown according to their
continuation in depth, i.e., deep, moderately deep to near-
surface, and shallow-near surface gradients. The axes of
“deep” gravity gradients represent boundaries of major
gravity areas with a relatively limited variation in the gravity
field. Also shown are contours of more important gravity
anomalies, numbered 1 to 89 in the same way as in the
catalogue by Svancara et al. (1993). Since some anomalies
given in this catalogue are not included in the structural
scheme (Pl. 7) due to the merging or splitting of some
anomalies, some numbers in the consecutive sequence are
omitted. Newly interpreted anomalies are numbered 90 to
103, Table 2 reviews the sources of gravity anomalies.

The contours of anomalies indicate the maximal extent
of the anomalous mass and need not always correspond to
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Anomaly| Geological source References Symbol of | Name of the fault References
No. the fault
04 basic intrusive rocks | Polansky, Mrlina, Pe3ka, | A Tachov fault Polansky et al. (1973)
an hibolit Pokorny (1950
d amphibolites g (190) ' B Hornf Slavkow fault | Polansky et al. (1973, 1950)
G5 Bor pluton (northern | Polansky (1975) -
C Tachymov fault Polansky et al. (1973, 1983,
part) 1990)
96 amphibolites and basic | Polansky, Mrlina, Peka, . -
intrusive rocks, Kdyné | Pokorng (1990) D Litoméfice fault Polansky et al. {1973)
pluton E Stiibro fault Polansky et al. (1990)
97 | spilites F Kladno fault Polansky et al, (1983, 1990)
98 basic intrusive rocks | Polansky, Mrlina, Pegka, .
and amphibolites, Pokomy (19%0) ' G Klatovy fault Polansky et al, (1983)
Kdyné pluton H Stod fault | Mrlina (1993) |
9% spilites

the shape of a geological body, as given by a geological map.
New interpretations in the structural scheme resulted in
changes mainly in the Cheb basin and in the subarea among
the Kdynég, Stod, and Pob&Zovice plutons. Improved accu-
racy is based on a smaller step (0.5 mGal isolines) and more
extensive data used in the interpretation (regicnal maps,
maps of the residual gravity anomaly, and maps of density
boundaries). The structural scheme also shows axes of
regionally important depressions and elevations. Indica-
tions of transverse faults (mainly NW-5E) are based on the
abrupt termination of anomalies, shifts of anomalies, de-
flection of gravity field isolines, or the loss of correlation of
the field. These transversal discontinuities frequently rep-
resent the youngest faulting.

B.1.1.6. The Prachatice granulite massif in the gravity field
and its quantitative interpretation

In a late stage of the present project, a gravity map of the
Prachatice granulite massif based on detailed measure-
ments was compiled (Fig. 9) as it includes an area tran-
sected by the seismic profile 9HR. This new information
(Sramek 1994a) is not included in the area shown in PI. 1.
In the gravity map (Fig. 9), the Prachatice granulite massif
corresponds to a strong negative gravity anomaly bound by
a sharp marginal gravity gradient, The N part of the anom-
aly has a nearly circular shape (Fig. 9, anomaly A,) with an
outlier protruding to the S (anomaly Aj). The junction of
the granulite massif with the Varied Group zone in the east,
i.e., the Lhenice linear zone (= Lhenice graben according
to some authors), is accompanied by a steep gravity gradi-
ent which may indicate a tectonic boundary along the
Lhenice linear zone. The base of the Prachatice granulite
massif was calculated using a quantitative 2,.5-D model to
a depth of 8 to 9 km (Fig. 10). The quantitative interpreta-
tion of gravity data for the granulite massif indicates a
predominance of subvertical orientation in the N-S trend-
ing outer boundaries. The contours of individual geological
bodies around the granulite body, used for the calculation
of the gravity profile, were taken from a geological map at
1 : 200 000.
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9. The Bouguer anomaly map of the Prachatice granulite massif (see Fig. 66 for location).

Among the geological bodies in Fig. 9, those associated
with positive anomalies include durbachitic granitoids of
the Netolice intrusion (anomaly E,). A positive anomalous
elevation encircles most of the Prachatice granulite massif
(anomalies Ez, Fy, F2). They probably indicate metamor-
phic rocks free of migmatization, accompanied at lower
levels by higher-density rocks such as amphibolites and
durbachites. In the Lhenice linear zone, there are distinct
positive anomalies B, Bz, Bs, and By corresponding to
numerous amphibolites, garnet-rich gneisses and possibly

durbachites. Anomalies Dy, C, and C; occur inside the
Blansky les pranulite massif and correspond to ultrabasic
rocks (D) and felsic granulites free of ultrabasic lenses {C,,
C;). The northern part of the Kfi§fanovice granulite massif
is also associated with a negative gravity anomaly. At the
NW periphery of the Kfiifanovice granulite massif, the
BlaZejovice gabbroic body occurs, corresponding to the
positive anomaly Hi. The northern part of the area in Fig. 9
is influenced by the S margin of the regional Putim negative
gravity anomaly, juxtaposed here along the Tyn nad Vlta-
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10. Gravity section of the Prachatice granulite massif. Location of the section 1-1’ is shown in Fig, 9.

vou-Vodiany-Vimperk zone of mylonitic-cataclastic de-
formation.

The detailed gravimetric study of the Prachatice massif
presents an example of the contrast brought about by a
low-density felsic granulite body emplaced in a regional
gneissic complex with moderate density values and the
potential for this situation to characterize some of the
major structural discontinuities, such as the Lhenice linear
zone. This north-south to NNE-S5W trending zone of tight
refolding with a steeply dipping planar structure and defor-
mation-recrystallisation under amphibolite facies (D2/M2)
was later modified by brittle faulting with faults oriented
paraliel to the planar structures. The linear zone cuts-off
the older planar structures inside granulite, dipping NNE.
This is the first time that a substantial vertical displacement
(a minimum of 8 km) along steep 52 structures could be
quantitatively evidenced in the Moldanubian Zone of SW
and S Bohemia.
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B.1.2. Density model of geological structure
along the profile 9HR

J. SVANCARA, M. CHLUPACOVA

B.1.2.1. Gravity modelling

The completion of the 9HR seismic profile marked the
beginning of a new period in the interpretation of the
gravity data in western Bohemia, The measurement pro-
vided data on the course of acoustic impedance changes for
the whole Earth’s crust. The gravity modelling itself was
carried out along a composite straightened SHR profile.
Bouguer anomalies from the gravity database for a reduc-
tion density of 2670 kg/m~* were assigned to the section
every 500 m. Pl. 8 depicts the gravity anomalies along the
Klingenthal-Olovi-Sokolov-Tepla—Konstantinovy Lazné
-Blatnice-Pfeitice~-HoraZd'ovice—Volyné-Prachatice line.
The gravity modelling was performed using the interactive
program MaGGE (Halif 1994).

The initial geometry of the density model was derived
from the line-drawing of the essential reflections along the
geotraverse 9HR (Dvofikovd et al. 1993) obtained through
the ray migration of reflections and the wave migration of
the SHR profile. In the process of the modelling, the



authors were using the geological interpretation of the
9HR geotraverse proposed by Tomek et al. (this volume).

The analysis of the migrated seismic section was vital for
the definition of the density model. The authors used the
correlation of both dynamically strong reflections and the
areas of equal echogeneity.

Particular attention was paid to the natural rock densities
(Hrouda-Chlupdéovad 1993). These were used for the pre-
paration of the initial model and subsequently their calcu-
lated values were utilized for the geological interpretation
of the modelled structures (Svancara-Chlup4¢ové 1994).

The resultant density model of the crust, which is in full
agreement with gravity data measured along the 9HR pro-
file is presented in Pl. B. The light granite of the Karlovy
Vary pluton, as thick as 11-12 km, accounts for the domi-
nant minimum at the beginning of the geotraverse
(0—45 km). The density increase towards the north-west is
attributed to a dense Ordovician phyllite {density 2800
kg.m™>, thickness 2.5 km) and a mica schist (density 2706
kg.m™3, thickness 4 km). The local gravity minimum be-
tween km 5 and 10 is probably caused by an oval-shaped
body of light (2600 kg.m~) granite which is up to 2.5 km
thick., An abrupt gravity increase along the south-eastern
edge of the Karlovy Vary pluten (km 40-45) coincides with
the contact of the massif and dense rocks (2908 kg.m3) of
the Maridnské Lazn& Complex (MLC). The complex lower
boundary of the MLC is assumed at a depth of about 7.5
km. At this depth, the MLC joins up with a thick crustal
suture zone (2826-2966 kg.m™). The gravity maximum
between km 50 and 63 is subdued by the influence of rather
low-density rocks of the Tepld Crystalline Unit, approxi-
mated by three bodies with densities of 2688 kg.m™, 2675
kg.m*and 2698 kg.m.

The Barrandian Proterozoic is subdivided into two bod-
ies having densities of 2725 and 2747 kg.m>. These units
are separated by the Stfibro-Plasy volcanic belt, the density
of which averages 2870 kg.m™. Another gravity minimum
may be associated with the up to 3 km thick granite pluton,
Its density is 2626 kg.m™. A thick complex with the density
2800 kg.m™ dipping towards the lower crust beneath the
Klatovy fault accounts for the low amplitude positive grav-
ity anomaly in the section between km 82 and 97.

Another distinct gravity maximum occurs in the interval
102-123 km. It is linked with dense Proterozoic rocks of the
Blovice area, the density of which is assumed to be within
the range of 2771-2782 kg.m™. Local gravity maxima
within this area correspond to volcanic belts. Their densi-
ties average 2880-2950 kg.m™,

Based on the interpretation of the time section a distinct
antiformal structure has been distinguished bencath the
Blovice Proterozoic complex at the lower crust/mantle
boundary. The density within this structural element ranges
from 2989 to 3009 kg.m™,

The Klatovy deep fault has been recognized at km 124,
It is assumed to be subvertical, slightly dipping to the
northeast. The Klatovy apophysis of the Central Bohemian
Pluton is represented by a wedge-shaped body with a den-
sity of 2725 kg.m™ at a depth of about 6 km. The Klatovy
apophysis is separated from the Chanov apophysis by gneiss

and migmatite of the Planice part of the StréZov crystalline
unit. The density of these metamorphic rocks averages
2750-2772 kg.m™>. The Blatna and Cervend granodiorite of
the Chanov apophysis in the interval between km 133-153
is characterized by a density of 2686 kg.m>. A domal struc-
ture has been identified at the depth range 2.5 to 13 km
beneath the granodiorite based on the seismic data. The
densities amount to 2724-2736 kg.m=, A body of migma-
tized gneiss belonging to the Moldanubian Zone has been
outlined between km 152 and 173. The density averages
2716 kg.m™>. Orthogneiss with a density of 2689 kg.m™ has
been observed further to the south-east. The thickness of
this structure is 5 to 6 km. A low-density geological body
(2638 kg.m™) is believed to account for a gravity minimum
which coincides with km 165 of the geo-traverse. It repre-
sents the south-eastern tip of the Putim structure identified
through the gravity survey by Tomek (1974, 1975).

The Prachatice granulite massif occurs at the end of the
profile between km 185 and 195. Its density is 2660 kg.m™
and the massif extends to depths up to 8 km. To the
north-west the structure is bordered by amphibolite as
dense as 2814 kg.m™, which explains the local gravity maxi-
mum at km 185,

The authors are aware that the above interpretation is
only one of the alternatives and that several different den-
sity models could be created using the measured gravity
data. The authors tried tolower the ambiguity of this model
by using the a priori — from the point of view of gravity
modelling — seismic and petrophysical data. Further details
on the presented interpretation and techniques are de-
scribed in Svancara et al, (1993) and Svancara-Chlupaéovi
(1994).

B.1.2.2. Rock densities used in the modelling

The presented density model respects the deep seismic
profile in the upper crust and is slightly simplified in the
lower crust comprising probably the Proterozoic funda-
ment. This approach partially eliminates the ambiguity of
possible shapes, mineral compositions and densities of the
bodies under consideration, and corresponds to the de-
creasing pawer of gravimetry with depth in distinguishing
individual geological bodies.

In the development of the density model, the database
created during 30 years of activity in the frame of various
regional and local projects of gravity and petrophysical
surveys (for summary see Hrouda-Chlupddovi 1993) was
used. This database provided us with several thousands of
high quality data, which enabled us to reliably characterize
the geological bodies cropping out in the area studied. The
determination of the most probable density distribution in
hidden structures and bodies of the model was a rather
difficult task, because it was necessary, in addition to the
use of the database, to make some assumptions on the
depth dependence of porosity, the pressure and tempera-
ture influence on densities of individual minerals and, most
important, of the plausible petrological character of the
geological bodies under consideration. The reliability of
the density model may, in principal, increase, if the distri-
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bution of longitudinal wave velocity with depth is known,
because a good statistical correlation exists between the
bulk density and the velocity of propagation of longitudinal
waves within the Earth’s crust. Unfortunately, the velocities
can be calculated only from refraction or wide angle reflec-
tion seismic measurements, which is not the case of the
9HR reflection profile. Consequently, we could use, in
elaborating our density model, only the velocity sections of
the refraction profile VI/70 presented by Berének et al.
(1975), and re-interpreted by Novotny (this velume). The
distance between this profile and our density 9HR profile
is about 20 km in the Krufné hory Mts. region and about
70 km at the southern margin of the Barrandian region.
These profiles are even more distant in the Moldanubian
region. In addition, when constructing our model, we also
respected the density model along the DECORP MVE %0
profile passing along the German part of the Kruiné hory
Mts., approximately between the towns of Hof and Bautzen
(Conrad et al. 1994).

The mean natural densities of the principal types of
magmatic and metamorphic rocks of the Bohemian Massif
are as follows (in kg.m>): granite — 2620, tonalite — 2730,
diorite of Variscan age — 2790, diorite of pre-Variscan and
unknown age — 2850, basic rocks — 2930, orthogneiss— 2630,
quartzite — 2640, granulite — 2680 and 2730, migmatite —
2690, crystalline limestone — 2720, micaschist - 2710, gneiss
— 2710, phyllite — 2730 and 2830, amphibolite — 2950 and
3000, pyroxene granulite — 2830 (Uhmann 1989). The
above densities characterize the near- surface layer display-
ing the average porosity of 1.5 %. In the lower layer, often
deeper than 500 m and very probably from 3 km to 15 km
in deep, the porosity is very low and the natural rock density
is about 10 to 20 kg.m™ higher. In the deeper crust, the
aimost exclusive controlling factor for the natural density
is mineral composition and the natural density virtually
equals the grain density.

The density of the Karlovy Vary granite pluton, the
dominant body of the Saxothuringian Zone from the point
of view of gravity, seems to be conspicuously low (PL. 8). It
corresponds approximately to 2 % porosity, because the
grain density is very homogeneous in this body, equal to
2650 kg.m™. In our opinion, the autometamorphic granites,
probably representing the dominating facies in the deeper
levels of the massif, contain frequent altered zones which
display relatively high porosity, about a few percent, and
can reach several kilometres in depth. The tectonic zones
affected by subsequent hydrothermal alteration also dis-
play such high porosities and vertical extension. In addition,
the mineral composition of the granites can change with
depth, which primarily means the content of potassium
feldspar (2570 kg.m™) can increase and the contents of
quartz (2650 kg.m™) and sodic plagioclase (2630 kg.m™)
can decrease, These changes were observed in the deep
boreholes drilled into the tin-bearing granite stocks, in the
vicinities of Cinovec (borehole CS-1), the Krudné hory
Mts., and Krdsno (borehole K-25) near Horni Slavkov. A
hidden granitic body, indicated by the gravity survey at the
beginning of the profile at the depth of 6-10 km, appears to
have a slightly higher density compared to that of the
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Karlovy Vary pluton or nearby orthogneisses which may be
similar, for example, to the Smréiny orthogneisses.

The Ordovician phyllites of the Krufné hory Mts. repre-
sent, on the other hand, a unit with an anomalously high
density. The metamorphic rocks underlying the rocks of the
Arzberg Group show a relatively high density as well. They
are probably represented by more mafic micaschists, simi-
lar to those cropping out in the southern part of the Svatava
or Dylefi crystalline complexes, or by sillimanite biotite
paragneisses known from the margins of the Hornf Slavkov
crystalline core.

The five kilometres thick, highly reflective zone, inter-
preted as the lower group of the Saxothuringian nappes by
Tomek et al. (this volume), is created in his opinion by
strongly tectonized metamorphic equivalents of the oce-
anic crust, including eclogites and possibly high-pressure
granulites, The surface outcrop of this structure is repre-
sented by the MLC. For our modelling, we adopted the
density which is a compromise between the high densities
of garnet and zoisite amphibolites and eclogites (2990,
2970, and 3270 kg.m™3, respectively), and the intermediate
densities of gabbrodiorites and diorites (2780 kg.m™).
These basic igneous rocks are probably more frequent in
the deeper parts of the complex than at its surface (sec
Polansky et al. 199(0). Serpentinized ultrabasic rocks of the
MLC show very low (almost “granitic™) densities and be-
long, together with banded amphibolites and limestones of
the Kladska Unit rimming the MLC at the W and SE, to
the intermediate density rock units, Consequently, we sup-
pose that the average density of the whole Saxothuringian
lower thrust unit does not exceed 2900 kg.m™* in the upper
crust, In the lower crust, where the thrust is dipping into the
root zone, we also suppose a high content of gabbrodiorite
intrusive rocks or a higher content of different granulites
resulting in the gradual density increase from 2900 to
3000 kg.m™.

The units with lower density in the Tepla Crystalline Unit
(TCU) probably consist of orthogneisses and pegmatites.
Twa principal units, only slightly differing in density, can
be distinguished in the north-west flank of the Upper Pro-
terozoic of the Teplid-Barrandian Unit (TBU) in the upper
part of the crust. The first, located at the boundary with the
TCU region, contains predominantly metagreywackes and
the second, located farther to the SE, comprises a substan-
tial amount of metapelites. The relatively highest densities
in the TBU are displayed by the Blovice Proterozoic unit
and both the Kralupy-Doma#lice and Dobfis-Klatovy val-
canic belts. The presence of relatively frequent basaltic
volcanogenic rocks as well as the sulphide mineralization
of the volcano-sedimentary origin resulted in the slight
increase in density of this south-eastern Proterozoic rock
unit. The shallow gravity depression in the NW limb of the
TBU is interpreted as an effect of a relatively thin lensoid
granite body similar to the low-density Lestkov grano-
diorite and Tis granite.

A hidden large basic complex extended under the Upper
Proterozoic in the TBU in the upper crust and dipping to
the root zone at the boundary with the Moldanubian Zone
is obviously the source of the positive regional anomaly in



the SE part of the TBU, Both the age and composition of
this reflecting structure, to which probably the Kdyné gab-
bro massif belongs, should not be uniform; a variety of
metamorphosed basic rocks can be represented. The pres-
ence of either older or younger basic rocks in the whole
structure cannot be excluded. The existence of thick layers
of Cadomian basic rocks rich in plagioclase in various parts
of the upper crust should explain the weak Variscan meta-
morphic overprint of the overlying Upper Proterozoic
units, since plagioclase exhibits very low thermal conduc-
tivity and hornblendes and pyroxenes show only intermedi-
ate values, while highly conductive quartz is absent in these
rocks.

In the Moldanubian Zone, a surprisingly conspicuous
reflective antiform exists under the Blatnd grancdiorite
which should be represented by the sequences of metamor-
phic rocks with highly variable elastic velocities and likely
with variable densities as well. Such a sequence can be
formed, for example, by layers of quartzites, limestones
and/or orthogneisses and fine-grained paragneisses alter-
nating with the high-density layers probably corresponding
to sillimanite-biotite gneiss, amphibolites and calc-silicate
gneiss. The interpretation of the so-called Putim negative
anomaly provides evidence of 2 hidden structure of low
density rocks, elevated in our model to 3 km under the
surface. As it follows from the above mentioned density
data, the source of this anomaly can be either a granite
massif or a large body of orthogneisses or strongly migma-
tized gneisses corresponding to rocks of the Podolsko com-
plex; felsic granulites are probably present in this body. The
geology of the Podolsko complex on the present surface
shows that all the enumerated quartzo-feldspathic rocks
are represented. The lower crust of the Moldanubian Zone
comprises rocks whose densities correspond to biotite
gneiss and tonalite.

The basement of the Variscan nappes is created by par-
autochthonous crustal segments which are, in synthetic
works on the geological structure of central Europe, re-
garded as a Proterozoic complex, intensely re-worked dur-
ing the Variscan orogeny. Tomek et al. (this volume) point
out the pattern of the reflexes in the fundament of the
Saxothuringian Zone (CEU), indicating an intense effect
of deformation. In our opinion, the parautochthonous
rocks are represented by rocks of the type of pearl gneisses
and granodiorite gneisses in the upper parts, while the
lower parts arc represented by mafic granulite gneisses and
granulites. Tomek et al. (this volume) hypothesizes the
whole LuZice massif could belong to the CEU, while Con-
rad et al. (1994), in interpreting the MVE-90 profile, con-
sider the positive gravity anomaly of the LuZice massif to
be due to a body characterized by conspicuous stratification
and a downward density increase because the outcropping
granodiorites with a the density of about 2720 kg.m~cannot
cause this anomaly. We adopt this idea and assume a
density increase with depth, even though less intensive than
that of the LuZice massif. The zonation in density may have
taken place as early as in the formation of the protolith or
later, during the extension regime, mainly during "mag-
matic underplating”, or through basification due to the

melting and ascension of granitoid magmas. Some down-
ward increase of density is probably due to regional meta-
morphism; the increasing pressure and temperature re-
sulted in mineral assemblages with a higher proportion of
garnet and pyroxenes. In particular, during the period of
increased heat flow during the Variscan orogeny, HT meta-
morphic minerals may have crystallized. The lower crust in
the Moldanubian Zone, at least in its westernmost areas,
seems to be more basic than the CEU. The structures in the
lowermost parts of the crust are highly hypothetical, and
may represent relics of “stacking” of the root zone of the
nappes in the region, and deformed and transformed later.
On the other hand, they resemble structures originated
through simple shear extension. We hypothesize that these
structures show mineral compositions and densities similar
to those of the basic lower crust. In the basement of the
CEU, at the depth of 30 to 34 km, Tomek et al. (this
volume) interpret a flat intrusive body having a chemical
composition similar to that of the alkaline basalt and trans-
formed under the PT conditions typical of the crust/upper
mantle boundary. The existence of basaltoid intrusions of
Tertiary age at the base of the CEU seems to be very likely
on the basis of the complex geochemical and petrological
evolution of the young basaltoid volcanism in the central
Europe (cf. Wilson-Downes 1991). Even though the heat
flow in this part of the Ohfe (Eger) rift is about 70 to 80
mW.m2 (Cermék 1979), which is partly due to the Variscan
granitoids, the estimated temperatures at the base of the
crust are about 600 to 700 °C and, therefore, near boundary
between amphibolite and granulite facies. Hence, we sup-
pose a mineral association of the pyroxene gabbro, or
pyroxene granulite with a density of about 3000 kg.m™.
The density of the upper mantle was considered as compa-
rable to spinel lherzolites, dunites and peridotites, close to
3250 kg.m=, The grain density of the spinel lherzolites
sampled as xenoliths in the Tertiary basalts at Dobkovicky
in Ceské stiedohofi, at Zamedek near Chomutov, Provodin
near Ceskd Lipa and in Smréf ranges from 3226 to
3296 kg.m™ and inspired the considered value for the
upper mantle.

B.1.3. Advanced processing of gravity data

¥, SVANCARA

The good quality of the gravity data combined with the
current techniques of the presentation of potential fields
made it possible to create colour maps of the gravity field
supplemented by a shaded relief of the total horizontal
gradient of gravity. These maps depict clear indications of
linear structural-tectonic elements, which are included in
the high-frequency portion of the gravity field and have not
been traceable by standard methods. The following map
units have been compiled at the scale of 1 : 200 000
M-33-X1I Karlovy Vary, M-33-XIV Teplice, M-33-XIX
Maridnské Lizng, M-33-XX Plzen, M-33-XXVI Strako-
nice and M-33-XXVII Ceské Budgjovice. Fig. 11, as an
example, depicts the reflectance image of the horizontal
gradient of gravity for the map sheet Plzen.
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11, Colour map of the gravity field of western Bohemia, supplemented by the reflectance image of the horizontal gradient of gravity, depicts the
contact zone between the Tepli-Barrandian Unit and Moldanubian Zone. Scale 1 : 500 000, north illuminated, grid size 0.25 km (J. Svancara

1895),

The content of the maps is the following:

- coloured gravity values with the interval of 1 mGal (the
scale covers the whole Bohemian Massif),

— reflectance image of the horizontal gradient of gravity
for the 0° azimuth and 45° elevation,

- Linsser’s indications of density contacts for the depth of
500 m; the intensity of the indication is coded in the size
of the symbol,

— peneralized drainage pattern including rivers (the digi-
talized model on the scale 1 : 500 000 provided by O. Man),
~ the topographic situation of the 9HR profile, Gauss-
Krueger system km grid, geographic grid 10x15°,

— state border.
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B.2. MAGNETOMETRY AND RADIOMETRY
L. POXKORNY, M. MaNGVA, L. BENES

The magnetic field and the radioactivity in the region of the
project “Geological model of western Bohemia in relation-
ship to the deep borehole KTB in the FRG” were investi-
gated by means of an airborne survey. Within the frame-
work of the present project, the important border region
along the CR-FRG boundary, a belt 140 km long and about
10 to 15 km wide between the town Kraslice in the NW and
the village Kvilda in the SE, was investigated during
1991-1992 using the above mentioned aiborne geophysical



methods (Fig. 3). The results of these latest measurements
have been evaluated and interpreted by Dédagek et al.
(1993). This report also includes aeromagnetic and air-
borne gamma spectrometric maps at a scale of 1 : 100 000
as well as a map of analytical continuation of the magnetic
field at a level 1 km above the Earth's surface (Figs. 12, 13),

The majority of older data used was obtained within the
framework of several stages of geophysical mapping of the
territory of the Czech Republic. The field of geomagnetic
total intensity and the field of natural gamma-ray activity
were measured simultaneously.

Whereas the results of the acromagnetic survey at the
scale 1 ; 200 000, performed as early as during the fifties,
are now of historical interest only, the simultaneously pro-
duced aeroradiometric map at 1 : 200 000 (Main 1965,
compiled 1966) became a basis of the study by Matolin
{1970). This study, which discusses the radioactivity of
rocks of the Bohemian Massif, has been a source of basic
information on this geophysical parameter till now. The
aeromagnetic and aeroradiometric mapping at a scale of

: 5 : &

1 : 25 000, conducted in parts of the area of the present
project during the period 1965-1971, was of essential im-
portance for more detailed geological and geophysical
studies. These measurements were performed with the
Russian apparature ASG-46 and data were presented in
maps of isolines of the total geomagnetic intensity and of
the total gamma-ray radiation. They have been evaluated
in a number of research reports (Pokorny et al. 1972, Po-
korny 1976, Salansky-Manové 1973, 1974, 1976, 1977).

In a later stage of the aerogeophysical survey, 1976-1986,
an essential part of the investigated area, with the exception
of its SW and NW, part was covered, in particular, the
region along the border with the FRG has not been in-
cluded. These measurements have been performed with a
Geometrics-Exploranium device (the proton magnetome-
ter G 801/3 B and the four-channel gamma-spectrometer
DiGRS 3001). An essentially higher magnetic measure-
ment accuracy as well as the application of gamma-ray
spectrometry {determining, in addition to the total radia-
tion, the concentrations of each of three main radioele-

. -
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12, A synoptic view of anomalies in the magnetic field of western Bohemia, plotted on a conventional grid in kilometres. Position of the profile
line 1-2 for the magnetic model of crustal structure (Fig. 14) is also shown.
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ments, i.e. K, U, Th) is characteristic of this new mapping.
The output of these 1: 25 000 scale measurements includes
also the maps of concentrations of radioelements K, U, Th
and their ratios on the scale 1: 50000 in addition to contour
maps of total geomagnetic intensity and total isoradiation
on the same scale. The evaluation and geological interpre-
tation of this work has been the subject of several research
reports (Gnojek-Obstovd 1977, Gnojek-Dédagek 1977,
Dédacek et al, 1985, 1986, 1988).

B.2.1. Magnetic field
L. Poxorny, L. BENES

The map of the magnetic field of the area (Fig. 12) hasbeen
compiled solely from accurate airborne measurements
conducted after 1976; sections not yet covered by new
measurements have been omitted. The scheme of regicnal
anomalous magnetic patterns, compiled on the basis of
analytical field continuation computing (Fig. 13), has been
adjoined; the earlier less accurate measurements have also
been used for the completion of this scheme.

B.2.1.1. Characteristics of the anomalous magnetic field of
the area

The magnetic field of the area (Fig. 12) is of a highly varying
character. The presence of extensive Pre-Variscan as well
as Variscan crystalline units and of weakly metamorphosed
Upper Proterozoic is the main reason for this situation.
These units contain a number of magnetized horizons, in
particular those of metavolcanites belonging to several
stratigraphic levels. In some cases the formation of ferri-
magnetic accessories during metamorphism took place and
some parts of high-grade metamorphic units carry polyge-
netic assemblages of magnetic phases. Even in areas co-
vered by platform sediments, which are usually weakly
magnetized or non-magnetized, numerous strongly mag-
netized Tertiary volcanites occur. The influence of magnet-
ized rocks in the crystalline basement below platform
sediments can also be significant. Many sources of mag-
netic anomalies are situated directly at the surface or ata
shallow position. The effects of such local anomalous
sources can be explained without difficulty; this is possible
because a relatively good regional petromagnetic database
about the rocks of the project area was used. Many of these
local anomalies are grouped in certain belts important for
evaluation of both the regional and local tectonic patterns
of individual major units. The important local anomalies
and regionally extensive belts will be mentioned in the
following section on the geological-geophysical interpreta-
tion.

The overall zonal arrangement of the major extensive
regional magnetic anomalies, continuous over the region
studied, is of particular interest. This zonation is to be
analysed as an indication of important structural bounda-
ries of tectonic units; their orientation can be related to
tectonic patterns in the area. The zonal arrangement of
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13. A scheme of anomalies in the regional magnetic field of western
Bohemia.

1 - remarkable regional anomalics with maxima over +50nT, calcu-
lated for the level 1 km above the Earth's surface: 1 - ChB anomaly
2 - Olovi-Sokolov anomaly, 3 - Jachymov anomaly, 4 — Tepla anom-
aly, 5 - Doupov anomaly, 7 - Kdyn&-Si€novice anomaly, 10 - central
Bohemian anomaly; 2 - less remarkable regional anomalies with
maxima lesser than +50nT, calculated for the level 1 km above the
Earth’s surface: 6 — Cesky les Mis. anomaly, 8 — NE continuation of
the Kdyné-St€novice anomaly, 9 - Klatovy anomaly, 11 - Brdy anom-
aly; 3 — local anomalies caused by deeper subsurface bodies; 4 -
regional domains with subdued magnetization.

regional magnetic anomalies was recognized and inter-
preted in earlier studies (e.g., Pokorny et al. 1985, Bliz-
kovsky et al. 1988 etc.) as an indication of deep-seated
linear faults bounding individual crustal blocks. However,
with respect to phenomena of collisional tectonics and
plate tectonic evolution, the internal deformation of units
due to thrusting and folding should be considered. Inter-
pretations aimed at reconstruction of pre-orogenic, early
regional patterns appear to be beyond the capabilities of
methods and data available at present.

The relationship between the localization of the regional
magnetic anomalies and the local ones was also considered.
Within the regional positive anomalous zones, the fre-
quency of local anomalies is, as a rule, higher than in arcas
of a weak magnetization. Some local anomalies, sometimes
of high intensity, do occur in areas of weak magnetization.

The azimuthal orientation of regional magnetic (as well
as gravity) anomalies is an important feature. All the main
magnetic anomalous belts (excluding the subdued N-3
trending elevation of the Cesky les Mts. - Bohemian Forest
— area) are characterized by a general NE-SW direction.
Nevertheless, the main anomalous zones are not com-
pletely parallel to each other, The regional anomalies of



the central zone within the TBU Upper Proterozoic closely
approximate the “proper” NE-SW trend. This zone is rep-
resented in the investigated area by the impressive Kdyneé-
Sténovice regional anomaly and by its subdued continu-
ation to the NE. The regional anomalies are associated
here with volcanic and plutonic bodies, partly in a subsur-
face position and of tholeiitic composition (cf. Dédagek et
al. 1985, 1986, 1988). It can possibly be considered as a relict
member of an original extensional structure (?) in the
Proterozoic sedimentary basin {(cf. Pokomy et al. 1985,
Polansky et al. 1990),

B.2.1.2. Main belts of regional magnetic anomalies and
their correlation with the anomalies of gravity

Proceeding from N to S, the following regional magnetic
ancmalous belis can be recognized:

1. The zone of the Krudné hory Mits, and Smréiny Mits.,
consisting (from W to E) of the anomalies of Cheb, Olovi-
Sokolov, Jichymov (or Klinovec) and (outside the investi-
gated area) the anomaly of the eastern Krusné hory Mits.
Further continuation of this zone to the E can be seen in
the regional magnetic elevation in the area of the Upper
Lusatia, All the partial anomalies of this belt have been
described several times in the past (Pokorny 1969, 1976, in
Saxony Scheibe 1966 a. 0.). The regional magnetic eleva-
tions are frequently accompanied by local anomalies occur-
ring on this background, and are thus explained as a total
of their surfacial influence by some authors (e.g. Scheibe
1966). Nevertheless, some local anomalies also cccur out-
side the regional magnetic elevations and the regional
anomalies extend in some cases into regions free of local
anomalies, e.g., into the outcrop area of non-magnetic
granite in the Nejdek pluton. Regarding also the general
characteristics of regional magnetic elevations, it can be
supposed that the main anomalous sources occur at depths
of a few kilometres under the present surface. The local
anomalies occurring on the background of regional eieva-
tions within low- to medium-grade metamorphosed rocks
in the surroundings of Cheb, Sokolov and Jachymov are
connected with volcanic and metavolcanic rocks and mag-
netic components of sedimentary-metasedimentary se-
quences; the sources of the regional component of the
anomalies can also be represented by plutonic bodies. In
cases showing positive correlation with residual gravity
anomalies, e.g., in the western Kru3né hory Mts. and Smr-
diny Mts., a mafic compaosition of these rock bodies can be
supposed, Where such a correlation does not exist or it 18
even negative (a positive magnetic field coincides with
negative values of the gravity field) some alternative expla-
nation should be considered. Thus, in the case of the
magnetic elevation of the eastern Krusné hory Mts., mag-
netic rocks are interpreted to cccur under granite bodies;
magnetite-bearing cordierite gneisses are suggested as a
probable rock type {(Pokorny 1976). The belt of regional
magnetic anomalies can be interpreted as an indication of
a volcanoplutonic zone in the complex of the Saxothur-
ingian Zone. The azimuthal orientation of the zone, re-
gardless of later cross-cutting faults, corresponds to the

main Variscan structural trend of this unit (WSW-ENE to
W-E).

2. The belt of Tepli-Doupov, running roughly parallel to
the beit mentioned above, is localized along and primarily
$ of the southern boundary of the Saxothuringian Zone,
but the Saxothuringian complex is supposed to extend
further SE below the Maridnské Lazn& Complex (Tomek
et al., this volume). In a way similar to the zone of the
Kru$né hory Mts., this zone can also be traced far to NE
and outside our area, under the Tertiary and Cretaceous
platform sediments. The regional magnetic anomalies cor-
relate very well with the gravity anomalies; both can be
traced continuously over a great distance (with a number
of transversal offsets). The magnetic anomalous zone itself
is extended to the W as far as the Schwarzwald Mts. This
remarkable zone indicates an approach of magnetic basic
rocks to the surface, along the Saxothuringian Zone -
Tepld-Barrandian Unit boundary. Most of these strongly
magnetized rocks are, of course, inaccessible for direct
observation. They are hidden at depths of several kilome-
tres under the present surface; e.g., the depth of the main
source of the regional gravity anomaly of Tepla has been
calculated to be between 1 and 8 km. These rocks crop out
only in areas of limited extent such as the Maridnské Lazn¢
Complex comprised of magnetized amphibolites, metagab-
bros and serpentinites in this unit and its surroundings. The
Tepld-Doupov magnetic and gravity anomalous zone must
be considered as a unit of high tectonic importance. Ac-
cording to the present tectogenetic conception, it can be
interpreted as a zone of Variscan emplacement and an
exhumation of crustal rocks that experienced metamor-
phism under lower crust conditions (e.g., eclogites, see
chapter C.2.) plus upper mantle rocks and their juxtaposi-
tion with the upper crust. A number of notable local ano-
malies partly influencing the regional magnetic ficld re-
quire consideration based on detailed geological and geo-
physical maps and information, since in a small area the
magnetic rocks belong to two distinct units, i.e., the Marian-
ské Lizné Complex and the Kladskad Unit (see chapter
C.3.). The latter unit includes low- to medium-grade LP
magnetic metabasites and magnetic metacarbonates at
Utvina and a sequence of magnetized rocks at Michalovy
Hory. The recurrent activity of the closely associated Li-
toméfice fault zone indicated by the strongly contrasting
geology of the juxtaposed Saxothuringian Zone and the
TBU, volcanism in the Permian as well as the Tertiary
(mantle-derived alkali basalts), geothermal and also partial
seismic activity, is notable. The information available is
insufficient for the interpretation of changes in the three-
dimensional configuration of units along this zone and the
changing patterns associated with recurrent activities.

3. The magnetic belt of Kdyn&-Sténovice, traceable con-
tinucusly in the NE direction into the Bohemian Creta-
ceous basin area out of the region studied, is of a different
type. There are rough positive correlations with the gravity
anomalies, with the exception of a small segment of the
$ténovice granodiorite massif where the correlation is ne-
gative, However, the continuity of individual patterns of
this central anomalous zone of the TBU Precambrian 1s by
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far not as well defined as in the former zone. In the sur-
roundings of Plzefi, both the magnetic regional anomaly
and the associated gravity anomaly are disropted by a
system of cross faults trending NW-SE. Further along, their
continuation to the NE is less distinct; the anomalies of
both physiczl fields become more expressive again as far as
NW of Prague, outside the investigated area. The magnetic
elevation of Kdyné-Sté€novice coincides with the outcrops
of the south-western segment of the main volcanic Rad-
nice-Kralupy belt. The regional components of the mag-
netic and gravity anomalies are, with high probability, re-
lated to sources deeper than the volcanites exposed on the
surface even where these steeply NW dipping volcanic
bodies reach a depth of several kilometres. The presence
of a covered, extensive and strongly magnetized body of
rocks of high density can be presumed here on the basis of
measurements. Contact metamorphism around subsurface
intrusions contiguous with the Kdyné-Stod pluton may
account for part of the total magnetization effects. The
" magnetization-bearing mineral of the volcanites is gener-
ally pyrrhotite, as shown by the petrophysical study. This
mineral has been considered by Stovigkovi (in Dédadéek et
al. 1985, 1986) to be a primary phase crystallized from
tholeiite magmas. It's content fluctuates within broad lim-
its; volcanic rocks with very low values of magnetization
accur here as well,

Towards the NE, the Upper Proterozoic sedimentary
complex s preserved in gradually greater thickness. The
increasing preservation of younger members (or tecteni-
cally higher units) towards the NE is also indicated by the
presence of the Lower Palacozoic — the Prague Basin.
Therefore, the main sources of magnetic as well as gravity
anomalies in the Upper Proterozoic occur in a deeper
position towards the NE and thus their physical influence
on the surface is subdued. Even the local magnetic anoma-
lies connected with the cutcrops of volcanites in the main
volcanic zone are less frequent here and mostly less inten-
sive. The outcropping volcanic rocks in these parts of the
Upper Proterozoic apparently belong to higher, less mag-
netized volcanic members of the complex.

4, The zone of Central Bohemia occurs in the SE along
the boundary between the TBU and the Moldanubian
Zone. This zone is very similar to the zone of Tepla-Doupov
in the NW, including an extension far to NE along with the
coinciding anomalous zone of gravity. The south-western
part of this zone occurs in the crystalline complex of the
Moldanubian Zone between two peripheral outliers of the
Central Bohemian Pluton. The main north-eastern section
of this magnetic zone is located in the northern part of the
pluton, in the areas of metamorphosed roof pendants (“is-
lets™) and in the Jilové volcanic belt, that is in the so-called
transitional zone of Central Bohemia after Rd&hlich-
Sfovidkovd (1968). Sources of the regional anomalies prob-
ably occur at least partly in the deeper subsurface levels and
include covered bodies of possible mafic subvoleanic or
plutonic rocks (Salansky-Manova 1973). Such bodies pos-
sibly belong in part to the TBU, The surface rocks in this
zone are, however, often strongly magnetized. Rock types
with a high magnetization include volcanites of the Jilové
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zone, some granitoid rocks of the pluton such as the mar-
ginal granite, Sazava tonalite etc. In the surroundings of
Pfibram, a weak but obvious magnetic elevation of the Brdy
Mts., correlating with a positive gravity anomaly, runs to
the W from the trend of the main magnetic anomaious belt;
this situation also suggests the presence of a covered basic
body underlying the Cambrian sediments. Notable is a
weakly anomalous area projecting from the Mirovice roof
pendant into the Moldanubian Zone.

In the Moldanubian Zone, zonally arranged regional
magnetic anomalies of tectonic significance are relatively
rare. Examples include the Kralovsky hvozd Unit, the
Kaplice Unit (shear zone) and the Tyn nad Vitavou-
Vodiiany shear zone (Salansky 1967, Vrana 1979, 1992).
The regional magnetic field in the Moldanubian Zone
fluctuates within weakly negative values in extensive areas,
mostly connected with regional antiformal patterns with
outcrops of granitoids. The positive anomalous areas are,
asarule, less extensive and they correspond to synformal(?)
structures and coincide with a greater thickness of meta-
morphic rocks of the Varied Group. A remarkably higher
magnetic field is generally characteristic of granulites and
ultrabasites of the granulite complex in southern Bohemia.
Local anomalies within the area, caused by surface sources
often arranged in stripes, are sometimes continuous over
distances of many kilometres.

B.2.1.3. Correlation of the regional magnetic field with the
results of interpretation of the 9HR seismic profile and with
the density model

All interpretations hitherto of the regional magnetic belts
in the investigated area either were limited to considera-
tions mostly from the point of view of surface geology or
they were referred to supposed (not verified by seismics)
undulation or disruption by faulting of the upper surface of
the so-called “basaltic layer” in deeper crust. These ideas
were often connected with supposed vertical movements
along deep faults {(Masin 1966, Pokorny 1976, 1987). How-
ever, new data show that supposed vertical movements can
not explain the recent inhomogenity of the upper crust,
even where faulting and vertical movements have been
undoubtedly proved. Therefore, an attempt at correlation
of the model of crustal structure in the investigated area
based on the reflection seismic results of the 9HR profile
(Kraslice-Prachatice, see Tomek et al., this volume) sup-
ported by the complementary density model (derived from
the detailed regional gravity data) with the regional anoma-
lous magnetic field of the area has been undertaken. The
regional magnetic field itself was determined by an analyti-
¢al computation of the field continuation from the level of
measurement to a leve! of 1 km above the Earth's surface;
thus the influence of surfacial and shallow magnetic ano-
malies was decreased, The simplified density model (Svan-
cara-Chlupédcova, this volume) based on the seismic results
aswell as on the gravity field in the area were used as a basis
for the quantitative evaluation of the magnetic field.

The computation was performed using the results of the
mast accurate airborne measurements obtained during the



recent works. As this measurement is not complete in the
north-western part of the area, and data from sufficiently
extensive surroundings of the profile necessary for the
computation were absent in part, the interpretation could
not be performed in the first kilometres of the profile.
The main feature of the magnetic field of the area is a
systematical increase of the regional magnetic field values
of the higher order from the axis of the TBU as far NW as
the border with the Saxothuringian Zone. Such a phenome-
non is absent both in the south-eastern flank of the TBU
and in the Moldanubian Zone., The regional anomalous
magnetic belts mentioned above occur on the general back-
ground of this increasing field. This important phenome-
non can be explained, as shown by our model (Fig. 14), by
presuming a relatively strongly magnetized layer within the
interior part of the crust. This layer may be 3-5 km thick
and it could be rooted near the axis of the TBU. Further
NW it obviously ocecurs in a shallow position a few kilome-
tres under the surface and dips only flatly to the NW.
Besides this deep dome-like structure (culminating under
the Krugné hory Mts. antiform), a similar more shallow, less
extensive and less magnetized structure is supposed under
the magnetic and gravity “plain” NW of Plzefi. No compa-
rable phenomena have been found in the Moldanubian
Zone; only an inexpressive subhorizontal magnetic bound-
ary at a depth of about 10 km under the surface can be
distinguished there. Naturally, the petrographic type of
these magnetized “layers” can be explained in different
ways, the presumption of tholeiitic (largely volcanic) rocks
is most probable, The sources of the regional anomalies of
lower order as well as those of deeper rooted local anoma-
lies can be interpreted either as larger hidden volcanic or

plutonic bodies (e.g., under the main Radnice-Kralupy
volcanic belt, at km 105 to 118, where the presence of an
almost 2 km thick, very strongly magnetized tabular body
reaching down to a depth of about 10 km has been derived
by the computations)}, or as the rooting of volcanic bodies
exposed on the surface. The magnetic model outlined can
be applied to the western part of the area where the whole
(supposed) south-eastern flank of the Upper Proterozoic
has been reduced. Probably a more complete picture would
be obtained if similar magnetic models along profiles lo-
cated east of the 9HR profile would be drawn up.

B.2.1.4. Magnetic indications of transversal faults

The regional magnetic field of the investigated area is
zoned; therefore the changes of the course of the individual
anomalous belts {(sudden changes of their width, splitting
into individual smaller anomalies, horizontal shifts of max-
ima, general changes of the field characteristics) indicate
in 2 number of cases the presence of regional transversal
faults. These indications can often be correlated with simi-
lar gravity indications. The type and sense of movements
along the indicated faults can be occasionally inferred.
For example, the course of the Maridnské Ldzné fault
and the West Bohemian shear zone is indicated in the NW
of the area. A sinistral strike-slip movement, in addition to
the vertical component, took place. Northwards, a possible
continuation of this fault is indicated by the sinistral dis-
placement between the regional magnetic elevation of
Olovi-Sokolov in the E and the Cheb anomaly in the W, In
the S, this fault has a rale at the western boundary of an
extensive regional magnetic depression, against the rela-
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14. Magnetic model of crustal structure along the 9HR seismic profile. Measured values of total intensity are calculated to the level of 1 km above
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crustal structure indicated by the 9HR reflection seismic model.
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tively positive regional magnetic field in the area of the
Cesky les Mts. The NW-SE trending faults between Hornf
Slavkov and Karlovy Vary are conspicuous. The indication
of this fault zone is very important at the north-eastern
termination of the Kdyné&-Sténovice magnetic and gravity
anomalies; a substantial drop in the eastern crustal segment
along the sinistral fault here is evident.

Important NW-SE trending faults occur along the NE
margin of the area studied. They are most expressive in the
NW part, where they correspond to the Jachymov fault, It
displaced the magnetic elevation of Doupov northwards
against the elevation of Tepld, and thus a sinistral move-
ment is also indicated here. Further to the SE, some indi-
cations of NW-SE trending transversal structures may cor-
respond to flexure-like deformations.

B.2.2. The field of natural radioactivity
M. MANOVA

Natural radioactivity of rocks in the area under considera-
tion was studied by means of aeroradiometric survey and
by laboratory investigation of rock samples, including the
determination of abundance of particular radioactive ele-
ments. This approach was commonly applied in all parts of
the Bohemian Massif since the early period of the acrora-
diometric measurements. The most important early study
concerning our area is by Chlupagova (1974), dealing with
radioactivity of granitic rocks in western and NW Bohemia.

As for the radioactivity of rocks in the whole Bohemian

Massif, the almost present state of the art was reviewed by

Manové and Chlupacov4 (in Salansky et al. 1989).

In the framework of the present project a 10 km wide belt
along the country border (Fig. 3) was surveyed by the
airborne measurement for the first time. A new set of
1 : 50 000 radiometric maps was compiled for western
Bohemia, in which the new data are integrated with those
for areas measured during the previous surveys.

The following text refers to P1. 9, presenting a scheme of
anomalies of the radioactivity field. The scheme was de-
rived from the results of gammaspectrometric survey (i.c.,
the maps showing regional variation in abundance of U, Th,
and K, and the map of total gamma activity) in the area
denoted by I, and from the results of radiometric measure-
ment of the early period (i.e., the map of total gamma
activity alone) in the areas denoted by II. When construct-
ing the scheme, the minima caused both by water reservoirs
and marsh were omitted and shielding caused by forests was
corrected as far as possible, The scheme includes:

i) boundaries, more or less apparent, hetween areas cha-
racterized by higher and lower radioactivity, respec-
tively,

i) positive regional anomalies with abundance of radioac-
tive elements, and their combination

jii)remarkable positive local anomalies (mostly caused by
uranium),

iv)areas, where the ratio Th/U differs substantially from its
average value 3.5.
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The anomalies of radicactivity related to particular geo-
logical structures are discussed in respective paragraphs in
the geological chapters. Only a summary concerning the
regional features will be given here.

Particular geological units in the studied area differ con-
siderably in the distribution of radioactive elements. Upper
Proterozoic rocks (unmetamorphosed or slightly metamor-
phosed) are characterized by low level and relatively mo-
notenous field of radioactivity, Local minima, frequent
especially in the SE part, correspond to basic rocks. Positive
anomalies are less frequent and usually weak. The bound-
ary between the Upper Proterozoic rocks of the Tepla-Bar-
randian Unit and adjacent geological units is mostly
marked a by sudden change in radioactivity level. This is
especially true when the Proterozoic rocks are of basic
composition. Similarily, the contact between high-level ra-
dicactivity of granitic rocks of the Karlovy Vary pluton and
very low-level radioactivity of basic rocks of the Marianské
Lizné Complex can be menticned as an example. This
boundary between contrasting levels of radioactivity con-
tinues along the Maridnské Lizné fault and the eastern
edge of the Bor pluton. Then it continues to the west, where
the difference between radioactivity levels diminishes. The
Moldanubian crystalline rocks of the Bohemian Forest,
having on average a low abundance of potassium, are not
particularly radioactive. The SE border of the Tepla-Bar-
randian Unit against granitoids of the Central Bohemian
Pluton or gneisses and migmatites of the main arca of the
Moldanubian Zone also represents a boundary in distribu-
tion of radioactive elements.

The Upper Proterozoic rocks are characterized by a
negative anomaly in the ratio Th/U (values less than 3.5);
on the contrary, rocks of the Saxothuringian Zone have a
relative excess of Th (Hrouda-Chlupadovi 1993).

The radioactivity of Cambrian sediments and Ordovician
quartzites (occurring along the NE margin of studied re-
gion) is low even when compared with Upper Proterozoic
shales and greywackes.

The radioactivity of metamorphic rocks in the Krudné
hory Mits., the Bohemian Forest, and the Moldanubian
Zone in southern Bohemia does not differ much from the
values expected for the widespread rock types. The differ-
ences in distribution of radioactive elements are not large
enough to coincide with lithological boundaries. The
slightly increased radioactivity of orthogneiss in the
Smréiny (Fichtelgebirge) and Tachov area (the NW part of
the studied region}, and migmatites in the Podolsko com-
plex (its SE part), as well as the decreased radioactivity of
granulites in southern Bohemia (due to low abundance of
U and Th) may be considered exceptional.

In fact, the particular geological units differ in radioac-
tivity variability pattern rather than in its level. This vari-
ability is given by the frequency of local anomalies, indicat-
ing dykes of granitic and related rocks, veins occupying
fracture zones, and metasomatism in the aureoles of grani-
tic intrusions. The examples of the latter case are as follows:
increased radioactivity of metamorphic rocks along the SW
margin of the Zandov granite pluton and positive Th
anomalies caused by allanite in ferrosyenite at the NE



margin of the Muténin pluton. The radivactivity field in the
Moldanubian Zone of southern Bohemia is much affected
both by distribution of granitoids and by interstratified
layers in the metasedimentary complex. The occurrence of
crystalline limestone is marked by a notable decrease in the
radioactivity level, while porphyritic dyke rocks and lam-
prophyres as well as durbachites (melagranitoids) forming
larger intrusive bodies have usually a high content of the
radioactive elements. This is especially remarkable in the
case of durbachite of the Zelnava pluton. The frequency of
intrusive rocks with elevated contents of the radicactive
elements increases in the NW-SE direction, and so does the
average level of radioactivity in the Moldanubian Zone,
The abundance of radioactive elements in the mobilisates
of migmatites contributes to this phenomenon (Matolin
1970). Although metamorphic rocks of the Moldanubian
Zone along the boundary with the Central Bohemian Plu-
ton are slightly less radioactive than granodiorite of the
Cervena type, this boundary can be hardly noticed in maps
of radioactivity owing to numerous granodiorite apophyses
in the contact zone.

There are some massifs of granitic rocks, that cause most
remarkable positive anomalies. The following examples
should be mentioned: the Karlovy Vary pluton, its eastern
and central part, and the SW part of the Zandov granite,
the Central Bohemian Pluton and, to a lesser extent, the
Bor pluton (its granite and granodiorite part). The Sedmi-
hoii stock represents an example of a small granitic intru-
sion with significantly increased radioactivity. Matolin
(1970) concluded in interpretation of the radiometric map
of the Bohemian Massif (scale 1 : 200 000) that the radio-
activity of the Variscan granitoids is usually much higher
than the radioactivity of pre-Variscan granitoids. While the
older granitic rocks in the region studied, e.g., the Stod
pluton, Lestkov orthogneiss, Tis granite in the Cisti-Je-
senice-Louny pluton are without exception relatively low-
radioactive, there are only few exceptions to rather high
radicactivity of the Variscan granitic rocks. The Kladruby
pluton (except for the adjacent, Variscan Sedmihofi stock)
is an example; a palaeo-Variscan age is now indicated for
this intrusion (Voves et al. 1993). The independent struc-
tural position of the Sedmihof{ stock follows from the
radiometric survey and it is confirmed by both gravity and
magnetic survey. It causes a positive ring-shaped anomaly
in radioactivity maps, where only the central tourmaline
granite is less radioactive. Also anomalous are the Babylon
and Sténovice stocks, with only weak positive anomalies,
and the Rozvadov pluton which produces nearly no con-
trast in comparison with the surrounding Moldanubian
ENeisses.

In large and composite Variscan plutons some particular
petrographic types exhibit relatively high abundance of the
radioactive elements. On the other hand, the distribution
sometimes varies even within one type. As for the Karlovy
Vary pluton, the Kfel type granite between Loket and
Doubi and granite of the Jelen{ and Kladska types in the
Zandov pluton are relatively less radioactive. Granites of
the older intrusive phase have always a higher abundance
of Th (e.g., a very high abundance near Beéov and Loket),

while granites of the younger phase have mostly high abun-
dance of U and relatively low Th. The most remarkable
positive anomalies of uranium can be found in the southern
and SW part of the Zandov pluton; although this type is
usually classified as belonging to an intermediate phase, the
above fact support its relationship to granites of the
younger phase. The highest abundance of U in granites of
the younger phase of intrusion is interpreted to be a result
of autometamorphism, a process including mobilisation
and redistribution of this particular element.

The Central Bohemian Pluton has on average a high level
of radioactivity; however, besides granitoids with a high
radicactivity, e.g., the Certovo bfemeno durbachite, Tabor
syenite, Sedléany granodiorite, etc., it contains also grano-
diorites and tonalites with rather low abundance of radio-
active elements, e.g., the Sdzava, MarSovice, and PoZary
types. Other granitic rocks in the area studied have largely
an intermediate radioactivity which is only slightly ex-
ceeded by the marginal type and locally by the Blatna type.

The Moldanubian Pluton in the region studied is repre-
sented by less radioactive petrographic types. The radioac-
tivity of granitoids in the Prafily and Vydra plutons only
slightly exceeds that of adjacent metamorphic rocks and a
similar relation concerns also the NE margin of the Plechy
pluton. The highest radioactivity in this area was found in
the Weinsberg type granite near StraZny. Relatively high
anomalies are caused by granitic rocks in the southern part
of the studied region, e.g., by Eisgarn granite near Rozm-
berk nad Vltavou,

B.J. GEOLOGICAL INTERPRETATION
OF THE 9HR AND 503M SEISMIC PROFILES
IN WESTERN BOHEMIA

C. ToMEK, V. DVORAKOVA, S. VRANA

Deep seismic reflection profiling is the main geophysical
tool for recognition of crustal structure. The 9HR deep
seismic reflection line, two hundred kilometre long, was
shot im western and south-western Bohemia in 1991 and
1993, The profile runs from Klingenthal (FRG) to
HoraZd'ovice (south-western Bohemia) and to Prachatice
(southern Bohemia), passing through the Kruiné hory Mits.
(Saxothuringian Zone), the Tepli-Barrandian Unit (Bo-
hemicum), and through the Moldanubian Zone up to the
granulite complex near Prachatice (Fig. 1). Moreover, the
503M high-resolution shallow seismic line was shot across
the Maridnské Lazn€ fault near DomaZlice.

B.3.1. The 9HR profile

B.3.1.1. The technical parameters of the reflection line

The technical parameters are as follows:
Source: dynamite

Equipment: 2 x SN 338HR, 192 channels
Time of registration: 24 5

Sampling: 4 m.s™
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Distance of points: 50 m

Distance of shotpeints: 200 m

Average charge: 19.67 kg

Average depth of drillholes: 20.01 m

Central offset

Processing was made at the Geofyzika Inc., Brno computer
centre using standard procedures.

B.3.1.2. Geological setting of the area

The 9HR profile passes from Klingenthal (at the NW)
through Kraslice, Sokolov, Tepl4, Stiibro, Piestice, Rabi
near HoraZd'ovice, to Prachatice (at the SE). Through
arrangement by the Niedersichsisches Landesamt fiir
Bodenforschung in Hannover, it was possible to start the
measurements along the 9HR profile near Klingenthal in
Germany. This nearly provides an interconnection with the
DEKORP MVE-90 seismic profile, running WSW-ENE
along the axis of the Kru¥né hory Mts. (Erzgebirge). Kilo-
metre 0 of the 9HR profile is located 2.7 km inside the
territory of the FRG.

The profile starts in the Lower Palacozoic phyllites of the
Phycodes Formation and at km 9.5 enters somewhat
higher-grade phyllites of the Frauenbach Series. Atkm 17
it passes to two-mica schists of the Arzberg Series which
continues up to km 30.4, below the Tertiary sediments of
the Sokolov basin. As follows from the gravimetric map and
from the interpretation by Svancara-Chlupadova (1994),
from approximately km 24 the Arzberg Series overlies the
Karlovy Vary pluton.

The Maridnské Lizné Complex (MLC), comprising
meta-ophiolites with MP to HP metamorphism, is thrust
on the Kladskd Unit which was correlated by Kachlik
(1993) with the Saxothuringian Lower Palaeozoic. The
junction of both latter units is obliterated by the intrusion
of the Karlovy Vary pluton.

At the north-western edge of the Tepld-Barrandian Unit
there is the Tepld Crystalline Unit, which includes rocks
metamorphosed both during the Cadomian and the Varis-
can events. The Tepl4 Unit was probably in a thrust position
on the MLC and both units were jointly deformed and
metamorphosed during the Variscan orogen (Z4&ek-Chab
1993). Later, however, the contact between these units
evolved into an extensional fault (Zulauf 1994), The Tepla
Crystalline Unit is considered as contiguous with the Bar-
randian Upper Proterozoic, and thus jointly correspondsto
the Tepli-Barrandian Unit (TBU). Several volcanite-rich
belts, alternating with intervening belts of only slightly
geochemically evolved metasediments (Jakes et al. 1979),
outline the regional structure of the TBU,

The contact of the TBU with the main area of the
Moldanubian Zone is obliterated by the intrusion of the
Klatovy apophysis, belonging to the Central Bohemian
Pluton. The apophysis is only 600 m wide at some places
and thus it is clear that the junction of nearly unmetamor-
phosed TBU sediments with the Moldanubian cordierite-
biotite gneisses indicates an important fault. Further to-
wards the SE the profile continues into the main area of the
Moldanubian Zone, comprised of three main tectonostra-
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tigraphic units, i.e., the Gf6hl, Varied, and Monotonous
Units, all of which are represented along the profile.
Three major zones of the Variscan orogen are encoun-
tered along the profile, At the NW, the Saxothuringian
Zone is comprised of the Thuringian and Bavarian devel-
opment of the Lower Palaeczoic lying on (mainly pre-Pa-
laeozoic) the crystalline complex of the Kruiné hory Mits.
which also shows evidence of Variscan deformation and
340 Ma metamorphism. The MLC is a metamorphosed
relic of the Lower Palaeozoic subduction mélange, with
metamorphism dated approximately to 380 Ma. Further
SE, the Tepl4 Crystalline Unit was involved in deformation
and metamorphism, thrust on the MLC and later it slipped
down to the SE, in an extension event, together with the
MLC. The Moldanubian Zone SE of the Klatovy apophysis
(and the Central Bohemian Suture) represents a composite
high-grade metamorphic unit, characterized by rather geo-
chemically evolved metasediments, some pre-Cadomian
partial units, and is distinct from the preceding units.

B.3.1.3. Interpretation of unmigrated and migrated time
and depth section

The selected reflections of the migrated time and depth
section are shown in Pl. 12 and 13. The original unmigrated
section is shown in Pl. 11. The seismic data along the whole
profile are of high quality, owing to use of dynamite charges
near 20 kg in weight, exploded in boreholes 20 m deep on
average. The quality exceeds that of the Vibroseis profiles,
commonly used elsewhere in central and western Europe,
which did not record reflections from the upper mantle
depth. The 9HR profile includes several mantle reflections.
The frequency of seismic events attains, in many cases,
35 Hz for duration near 8 seconds (!) Due to a high level
of background noise in the brown coal mining area near
Sokolov, the interval between km 21.0 and 30.4 did not
produce results of acceptable quality. Only sporadic reflec-
tions from levels below 3 sec. have been recorded. Above
this level, the transparency is probably caused by the indus-
trial noise and granitoids of the Karlovy Vary pluton.

B.3.1.4. Seismic section - selected reflections
and seismic characteristics

There are two main causes of acoustic events - seismic
reflections in crystalline areas of the type in western Bohe-
mia:

a) lithological boundaries of rock types with contrasting
acoustic impedance

b) tectonic fault (shear) zones, either mylonitic or cata-
clastic; mylonite zones (involving plastic-semiplastic defor-
mation and recrystallization) generally reflect better than
brittle, cataclastic faults in the upper crust.

Both types of reflections occur along the SHR profile but
those of tectonic origin probably prevail in the northernand
central part. Individual reflections show significant dip,
increasing up to 45°. For events at deep crustal levels
migration distances of up to 30 km occur. The time, unmi-
grated section is also shown (Pl 11) and it was used in



interpretation, but the description of the profile is based on
the migrated time and depth section. The positions and dips
of reflections are correct under the assumption of simple
velocity distribution.

The reflections K in the Kruiné hory part (Pls. 12 and
14), dipping NN'W, are ascribed to (nearly monoclinal) dip
of the Phycodes Formation and Frauenbach Series. It is
known from the surface geology of the Kruiné hory Mits.
(e.g., Pietsch 1962) that respective planar structures dip
NW towards the Vogtland megasyncline carrying the struc-
turally highest sequences of weakly metamorphosed Lower
Palaeozoic. The Miinchberg massif is positioned tectoni-
cally higher, in the SW part of the depression (and SW of
the 9HR profile). The reflections K probably represent
mylonitic shear planar zones, separating NNW dipping
allochthonous slices of Palagozoic rocks of the Saxothur-
ingian Zone. Reflections from beneath the Arzberg Series
are mostly subhorizontal and differ from those of the Pa-
laeozoic. The reflection planes L, are interpreted as mylo-
nites or shear zones associated with the basal thrust below
the set of Saxothuringian structures.

The reflection pattern is very different at the level below
10 km, showing a 15 to 20 km thick layer with SSE dipping
reflections which continue from km 0 to 65; the DEKORP
4N profile (Bortfeld et al. 1988) suggests continuvation of
these reflections to the north. This reflection package is
interpreted as a thick package of mylonite zones. Possibly,
it could correspond to a compressional ductile deformation
of the continental crust (thick-skinned stack) in the lower
plate below the main Variscan thrust, associated with long-
lasting continental collision. The reflection M, at the depth
of 33 km below the Kruiné hory Mts. may correspond to
the Mohoroviéié discontinuity.

The transparent zone 3.5 s thick between km 30 and 41
probably represents the isotropic and rather homogeneous
granitoids of the Karlovy Vary pluton that intruded the
crust during the Late Visean-Early Namurian (at about
325 Ma).

The reflections ML and TP are caused by an array about
5 km thick, bound at the base by a subhorizontal event La.
The first one probably belongs to the MLC stacking events.
The second one can be interpreted as mylonites formed by
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15. Unmigrated time section of the 503M seismic line (see Fig. 1 for location).
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an extensional shearing and metamorphism at 380 to 370
Ma. The reflections Ly and L also may correspond to sub-
horizontal slices of unknown duplexes beneath the MLC
and they appear to dip to a root zone, indicated at km 85
to 100,

Further SSE, there are TB reflections belonging to the
volcanosedimentary complex of the TBU. They form an
antiformal structure and continue to the root zone R.
Reflections A and SP, joining the above reflections, dip SSE
up to a depth of 20 to 25 km. Altogether, the TB, R, A, and
SP reflections are interpreted as a Cadomian complex mo-
dified to some extent during the Variscan orogen. A re-
markable change in vergency at km 126, and in the upper
crust, is considered as a steep reverse fault between the
TBU and the Moldanubian Zone. In the interval 15 km
from the surface it shows a very steep position. The steep
boundary probably continues deeper through the whole
crust and splays of this fault, where ductile compressional
deformation supported the uplift, moderately dip for 30 to
40 km to the SE, to the crust-Moho boundary; the splays
form remarkable features beneath the Moldanubian upper
¢rust,

The reflections MUC, MMC, and Z occur in the Molda-
nubian Zone. The position of MUC indicates that grano-
diorites of the Blatn4 and Cervena types form a relatively
thin tabular body. The MUC and MMC reflection arrays
are clearly separated at a depth of 15 km, possibly indicat-
ing two seismically distinct domains of the upper and mid-
dle Moldanubian crust.

The event M, is considered as the Moldanubian Moho,
while Mj; indicates Moho below the TBU. When viewing
the whole 9HR section, it is noticeable that the Moldanu-
bian crust shows seismic features distinct from those of the
twa units occurring further NW, as well as from the
Cadomian complex.

The features My and M; probably represent Moho below
the crust of reflection type E. The extensive, deep reflection
B is seen as one of the most intense events in the whole
profile. The position of the elevation B projects upwards to
the occurrences of the Tertiary and Quaternary alkali ba-
salts on the Earth’s surface. Recent studies in several other
regions of young basaltic volcanites of the hot-spot type
indicate that significant volumes of Mg-rich, alkali basalt
melts, produced by astenospheric melting, are trapped on
rheological boundaries in the upper mantle or crust, and
especially along the mantle-crust boundary (Singh-McKen-
zie 1993, Parsons et al. 1992 a, b).

It is also possible that the prominent reflection B corre-
sponds to the boundary between the common type E of the
crust (probably gneisses, granulites) and metapyroxenites
or metahornblendites, associated with a magma chamber
or a set of chambers, as indicated near Urach in 8W
Germany (Glahn et al. 1992). These could be sites of
basaltic magma differentiation and metapyroxenites and
metahornblendites are evidenced (Glahn et al. 1992) by
xenoliths in the surficial basaltic volcanites. Seismic ve-
locities in such mafic cumulates correspond to 7.8 km/s
and the calculated reflection coefficient along the contact
with gneisses and granulites is 0.12 to 0.15. The reflec-
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tion B suggests a similar magnitude of reflection coetf-
ficient.

While the DEKORP and KTB seismic profiles in the
FRG, with a total profile length of 1800 km, registered no
reflections from the mantle, the 9HR profile registered
several such reflections. The three most important reflec-
tions MR;, MR3, and MR3, at depths of 35, 42, and 56 km,
respectively, are shown in the depth section (Pl. 13). It is
difficult to interpret the cause of these features, however,
a petrologically acceptable alternative would suggest layers
of eclogite or garnet pyroxenite with a density near 3.6
g/cm*and a reflection coefficient of 0.05 to 0.08. The reflec-
tions MR, and MR2may have a similar origin to reflection
MR,. Giahn et al. (1992) presented evidence for spinel-
phlogopite wehrlites at a similar depth below Urach; garnet
pyroxenites and eclogites could be present there as well.

B.3.2. Detailed 503M seismic profile

B.3.2.1. Geological setting

In view of persisting problems with the tectonic situation
along the junction of the Tepld-Barrandian Unit (TBU)
with the Moldanubian Zone in the Bohemian Forest, we
decided to contribute to the solution of this problem with
a detailed high-frequency seismic profile. The profile runs
(see Fig. 1) from Rybnik through Nadetin to PobéZovice
(Vejnar et al. 1978, 1984),

From west to east, the profile encounters surface gneisses
and migmatites of the Moldanubian Zone (Bohemian For-
est), the Drahotin gabbronorite stock, and at km 6.7 it
crosses the West Bohemian shear zone {= the Bohemian
quartz lode). The Moldanubian metasediments show a
zonal pattern, including muscovite-biotite migmatitic
paragneiss immediately W of the Drahotin stock, giving
way to sillimanite-biotite migmatitic paragneiss, gradually
with cordierite, passing further west to cordierite gneiss
(= cordierite-biotite migmatitic gneiss). To the east of the
West Bohemian shear zone there is a 1 km wide belt of the
DomaZlice Crystalline Unit composed of muscovite-biotite
paragneiss {Vejnar et al. 1978). This unit is intruded by the
gabbroic Pob&Zovice pluton, represented in the profile by
the last 3 km.

B.3.2.2. The reflection characteristics

The profile was designated for a depth to 1 s and also the
geological section is interpreted to the corresponding depth
of 3 km (Dvofdkové et al. 1993), though the measured data
were also processed up to 5 s.

The profile shows a number of high-frequency reflections
(Figs. 15, 16, and 17). Most of the reflections in the E part
are subhorizontal and relatively weak. Any dip that may be
real in the segment east of the West Bohemian shear zone
is shallow towards the W. This shear zone forms a steep
(near-vertical) boundary between the shallow (subhorizon-
tal) reflections of the Domailice Crystalline Unit and the
distinct zone of reflections dipping E at an angle of 40° to



45° near km 2 of the profile. This zone is about 2 km wide
and the intensity of the reflections is comparable to that of
other mylonite zones in the Bohemian Massif. In the inter-
pretation of this zone, strong foliation, mylonitization, and
velocity anisotropy are preferred as a probable cause, Mus-
covite-biotite migmatitic paragneisses and cordierite mig-
matites show minimal differences in density and there
should be no distinct difference in reflection coefficients.

B.3.2.3. Geological interpretation

The main conclusions from the high resolution seismic line
across the West Bohemian shear zone (Fig. 17) are:

1. The West Bohemian shear zone is a steep (near-verti-
cal) boundary between the TBU in the E and the Moldanu-
bian Zone in the W,

2. Whereas the reflections in the TBU are subhorizontal,
the reflection pattern within the Moldanubian Zone shows
typical domal extensional structure with HT-LP cordierite
gneisses in the core of the dome.

B.3.3. The 9HR geological section and its significance
for interpretation of the Variscan orogen in central Europe

The 9HR profile has two advantages:

a) it was done with dynamite technology which results in
higher energy, a better reflection definition, and responses
from deeper structures. For the first time in the seismic
investigation in the European Variscides, several reflec-
tions from the mantle were registered,

b) the region provides better situation for the location of
the profile. Profiles in the FRG were located either in areas
with Mesozoic platform cover (DEKORP 25) or in areas
with significant volumes of granite plutons (associated with
extensional deformation).

Plate 14 shows an attempt of geological interpretation of
the crustal section between Kraslice and Prachatice. The
idea of a relatively thin thrust sheet of the Saxothuringian
Zone, ZEV (or TBU), resting on a deeper crustal complex
of unknown origin, is not new. It was already published in
the interpretation of the DEKORP 4 or KTB 8506 profile
(Bortfeld et al. 1988, Vollbrecht et al. 1989, Weber 1992).
The interpretation of the 9HR profile supports and in part
complements this interpretation.

An approximately 10 km thick (originally, prior to ero-
sion some 15 to 20 km thick), allochthonous nappe complex
is resting on the middle and lower crust with reflections
dipping S. The system of horizontal reflections at a depth
of some 10 km is indicated from the beginning of the profile
at the NW up to km 70. This system can be considered as
the main thrust fault of the Variscan orogen in western
Bohemia. Overlying this fault are allochthonous units of
the Saxothuringian Zone and the ophiolite suture unit
{MLC), together with the TBU. The root zone of the MLC
is interpreted in the interval of km 80-110. Interpretation
of the intensively deformed crustal complex under the
allochthon, labelled in Pl. 14 as EA, is difficult. Most of the
authors who interpreted the German lines consider this
lower complex as the Saxothuringian Zone. The YHR pro-
file ties up at the NW on the DEKORP MVE-20 profile
that passes along the Kruné hory Mts. and beyond the
Mid-Saxonian thrust (Kossmat 1927) to Lusatia. The reflex
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at 3 to 4 sec., considered as the main thrust fault, can be
followed in the longitudinal direction up to the Lusatian
thrust (Bankwitz et al, 1994); it appears to have no continu-
ation into Lusatia.

The gravimetric map of the FRG-East (Conrad 1993),
Fig. 18, shows a major, extensive positive gravity anomaly
reaching to Rumburk in northern Bohemia and extending
far northward up to places 50 km S of Berlin. It is suggested
that this extensive anomaly could be caused by a single
geological body. Although the Variscides south of Berlin
are hidden under a thick sedimentary platform cover, it is
obvious (Franke 1989) that in this area the continuation of
the Northern Phyllite Zone occurs and S of this unit the
Mid-German Crystalline Rise should also occur. It is sug-
gested that in the Lusatian pluton the “Eurcpean
parautochthon” crops out, uplifted in the closing stage of
the Variscan compression on the Lusatian fault. Along
these lines, we interpret the lower crustal complex in the
9HR profile as the “European parautochthon” (EA) be-
longing to the East Avalonia (L). Its strong tectonic defor-
mation is indicated by a series of 8 dipping reflections that
we interpret as lower crustal stacking accompanying the
Rhenohercynian collision. If this interpretation of the cen-
tral European Variscan orogen is correct, then the trans-
port distance for the upper nappe unit from the boundary
of the TBU to the area north of the Harz Mts. is nearly
300 km, i.e., a distance comparable to thrust of the south-
ern Appalachian orogen (Cook et al. 1981) or of the con-
temporaneous Himalayas,

The intrusion of the Karlovy Vary pluton masked the
junction between the MLC and the crystalline complexes
of the Saxothuringian Zone (the Horn{ Slavkov Crystalline
Unit). The gravimetric and seismic data indicate that the
pluten is approximately 10 km thick. This thickness corre-
sponds in the SHR profile approximately to the thickness
of the Saxothuringian allochthon. Under the seismically
transparent pluton, the reflections of the lower plate can
be seen. This situation suggests that the pluton was not
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emplaced by a diapiric mechanism. Two explanations of
this phenomenon are possible: (i) It is probable that the
pluton filled space formed by pull-apart extensional move-
ments along faults trending NNW-SSE (corresponding to
a part of the Jachymov fault) and WSW-ENE (part of the
Litomé&fice fault). Magma was probably supplied by a sys-
tem of feeder dykes (Clemens-Mawer 1992); (ii) The Kar-
lovy Vary pluton itself is allochthonous and forms a part of
the overthrust sheet complex.

The Tepld-Barrandian Unit (TBU) shows a seismic pat-
tern similar to subduction-accretion complexes of modern
arcs. The SSE dipping reflections can be considered as
individual thrust faults formed during accretion. A signifi-
cant package reaches the surface in the interval km 105 to
117; it is dipping SSE to a depth of 20 to 25 km where it
terminates at the subvertical Central Bohemian Suture
(= Klatovy fault).

The reflection patterns in the Moldanubian Zone SE of
the Central Bohemian Suture are very different from pat-
terns characteristic of the more northerly units. The upper
crust shows a prevalence of reflections dipping N'W, with
numerous diffractions. At a depth of about 12 km, horizon-
tal reflections occur, underlain by the lower crust with SE
dipping reflections.

In both migrated sections and in the geological section,
a steep position of the Central Bohemian Suture is inter-
preted in the upper crust and, with lesser certainty, aiso in
the lower crust. We interpret this seismic feature as an
expression of a steep thrust fault, Nearly 40 km to the SE
from the surface position of the Central Bohemian Suture,
this thrust is indicated, in the middle and lower crust, as a
structure which splays into a number of much shallower
thrust faults, some of which offset the Moldanubian Moho
(M.). The steep thrust of the Moldanubian Zone on the
TBU was probably a phenomenon of lithospheric dimen-
sions which brought the high-grade Moldanubian meta-
morphic complex near the surface.

The Central Bohemian Suture probably functioned dur-
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18. Map of Bouguer anomalies in central Europe afler Grosse et al. (1992).

ing the earlier stages of the Variscan orogen as a strike-slip
fault and only later, as cordierite migmatites attained an
upper crustal level, was it modified into a steep reverse
fault. This should not indicate that the main features in the
history of this boundary are sufficiently understood.
Granodiorite of the Blatnd and Cervena type forms a
plate-like body 2 to 3 km thick, if the body was not signifi-
cantly deformed during or after intrusion. In the Moldanu-
bian Zone of southern Bohemia, between the Central
Bohemian Pluton and the Prachatice granulite body, the

middle crust is strongly reflective, while the upper and
lower crust are less reflective. In the upper crust there are
NW dipping reflections F and a significant, SW dipping
reflection feature G. The Moho in this area occurs at a
depth of 37 to 38 km. The significance of the subhorizontal
reflectivity in the middle crust is not understood yet. Since
a perpendicular seismic section is absent, it is uncertain if
the reflections are really subhorizontal or dip sideways with
the profile line. Interpretation of the complicated seismic
reflection pattern of the Moldanubian Zone should be

49



supported by a future detailed study of the superimposed
regional stroctural patterns.

B.3.4, Information on Tertiary basaltic volcanism

In this chapter, the reflection elevation at the lower crust-
mantle boundary (HSBU) and some deeper mantle reflec-
tions were interpreted as tabular intrusions of basaltic
magma in the upper mantle and lower crust. In particular
the rheological boundary mantle-crust functions as a trap
in a number of areas of recent and past volcanism of the
hot spot type (Parsons et al. 1992a, b, Singh-McKenzie
1993).

The voluminous volcanoclastic accumulations of the
Doupov stratovolcano (diameter of 30 km) near the line of
the 9HR profile (Hradecky 1991 and this volume) and
other significant volcanic bodies such as Pila near Karlovy
Vary, Podhora near Mariinské Lazné, and Blatna near
Cheb, comprise basaltoid, olivine-rich rocks (compare Shr-
beny, this volume) as well as differentiates of the trachyte
series. Subvolcanic and volcanic bodies near TouZim, in the
proximity of the profile, carry trachytes with a low mafic
mineral content. It is possible that differentiation took
place in a magma chamber near Moho, in a similar position
as in the case of volcanites near Urach in southern Ger-
many (Glahn et al. 1992).

The DEKORP 2N and 25 profiles in Germany pass
through the largest stratovolcano in the central European
Tertiary volcanic province, i.e., Vogelsberg NE of Frankfurt
a. M., (Meissner-Bortfeld 1990 and Franke et al. 1990). The
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reflection elevation under Vogelsberg is similar to our
reflection B,

Wilson and Downes (1991) considered the alkali ba-
saltic volcanic rocks of western and central Europe as
derived from magmas formed mainly in the asthenosphere,
with some influence by the lithosphere. Griesshaber et al.
(1992) studied the role of mantle-derived *He as a semi-
quantitative indicator of basic rocks intruded into deeper
structures. High *He values are considered to indicate tabu-
lar intrusions under the present *He anomalies. In the
Tertiary volcanic area of western Bohemia the *He anoma-
lies are rather high, the highest values correspond to 50 %
of the mantle-derived He, e.g., in Prameny or KynZvart near
Maridnské Lizné (Griesshaber et al. 1992, O’Nions et al.
1989). The latter authors concluded that such high values
indicate a significant basaltic magmatism in the crust. We
have suggested above that the 9HR seismic profile prob-
ably detected respective intrusions of basaltic magma at the
crust-mantle interface. 3He anomalies above 50 % may
correspond to a 100 m thick tabular intrusion emplaced
during the course of 1 Ma (Martel et al. 1989). During 30
Ma of basaltic volcanism in western Bohemia the cumula-
tive thickness of intruded basic rocks may be 3 km; this
value compares well with the thickness indicated by the
seismic profile.

Large European geophysical anomalies defined by satel-
lite magnetic measurements (Ravat et al. 1993) and geoid
measurements (Marquardt-Lelgemann 1992) suggest that
much of central Europe, from Ardennes to Transylvania,
could be underlain by a hot mantle plume resulting in a sig-
nificant asthenospheric, Mg-rich magmatism (Sleep 1992).





