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PALAEOMAGNETISM OF IGNEOUS ROCKS FROM THE
VELENCE HILLS AND MECSEK MOUNTAINS

Emé MARTON*

Granitoids are known to outcrop in Hungary in the Velence Hills (part of the Transdanubian
Central Range) and in the Mecsek Mountains. Both are dated radiometrically. The minimum age
for the Velence granite is 280 Ma (K/Ar method); the granitization in the Mecsek Mountains is
limited to the 365-334 Ma interval by U/Pb, whole rock Rb/Sr and K/Ar methods.

Palaeomagnetic analysis has revealed the complex nature of the natural remanence (NRM)
in both areas.

Comparison between the components of the complex NRM observed in the granitoids and
the characteristic remanences of later intruded and extruded igneous rocks in the respective areas
has shown that the periods of renewed igneous activity play an important role in the formation of
overprint magnetization.

In the Velence Hills the Tertiary andesite volcanism extensively remagnetized the granite. The
andesite volcanism (about 30 Ma, K/Ar method) is represented palaeomagnetically by the site-
means for 8 andesite and the locality means of one diabase and 7 completely remagnetized granite
outcrops (D= 151° /= -45° k=22 a% = 8.4°). This direction permits one to conclude that the
30-35° counter-clockwise rotation of the Transdanubian Central Range relative to Africa and stable
Europe known till now as post-Mesozoic is in fact younger than 30 Ma.

At five localities in the Velence Hills the granite seems to preserve a remanence different from
both the Earth’s present field direction and the field about 30 Ma ago (on average D= 144° / = + 30°
k=49 a% = 11.1°). This direction may be interpreted as Carboniferous.

The distribution of the completely and partically remagnetized granite in relation to the
eruption centre of the andesite is irregular suggesting that the remagnetization was caused by the
chemical influence of the postmagmatic solutions and that the degree of alteration depends on the
porosity of the granite.

The youngest igneous activity is about 20 Ma old (K/Ar method) in the Mecsek Mountains.
For lack of outcrops the volcanism is represented palaeomagnetically by three sites from a single
laccolith of a few square kilometers in the horizontal dimension (0 = 59° /=65° k =36 a% = 22.2°,
the statistics are based on the number of sites).

Products of the Cretaceous alkali volcanism are widespread in the different parts of the
Mecsek Mountains. The palaesomagnetic direction for the Mdéragy Ridge (0 =94° /=57° k=28
a9) = 9.3°) is based on 8 site means for alkali volcanism and 2 locality means for completely
remagnetized granite aplite; the direction for the Eastern Mecsek isD =79° /= 54°k =7 a% = 27.2°
before tilt correction, 0 = 47° /=56° k=5 a% = 33.6° after tilt correction, based on 6 site means.

In view of the good quality of the palaeomagnetic direction obtained for the Carboniferous
granitoids (Moéragy Ridge: 0=189° /=18° k=36 x% = 11.4° based on 1 serpentinite and 5
granitoid localities), and directions determined for Permian, Triassic and late Jurassic sediments
from the Western and Eastern Mecsek respectively, a significant counter-clockwise rotation must
have taken place in the Cretaceous followed by a large clockwise rotation presumably in the late
Tertiary.

The results of the present study confirm the past relative rotations between the NW and SE
tectonic units of Transdanubia indicated by earlier palaeomagnetic studies; they suggest that the
tectonic units of the present Pannonian Basin must have been involved in important large-scale
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movements in the late Tertiary; finally the newly obtained palaeomagnetic directions imply that SE
Transdanubia moved in a complex manner during the Cretaceous and after, and that the observed
declination rotations may equally be interpreted as the movements of an originally northern or
originally southern Tethyan unit.

Keywords: palaeomagnetism, complex magnetization, igneous rocks, relative rotations, Hungary

1. Introduction

Evaluation of geological and geophysical observations has led to the con-
clusion that the Mid-Pannonian Mobile Belt separates two entirely different
tectonic units [Szadeczky-K ardoss 1972, 1973, Geczy 19733, 1973b, Szepes-
hazy 1975, 1977, Channel and Horvath 1976, Horvath et al. 1977, Vores
1977, M arton and M arton 1978, 1980, Wein 1978, Channerr et al. 1979,
Batra 1982]. Based on the fauna and the facies, the NW unit seems likely to
be derived from the southern margin, the SE unit from the northern margin of
the Tethys.

Palaeomagnetic evidence for NW and SE Hungary being different tectonic
units was first published in 1978 [Marton and M arton 1978]. The African
affinity of Jurassic poles for the NW unit and the European affinity of Mesozoic
poles for the SE unit appeared to support the idea that the tectonic units of
Hungary originated at different margins of the Tethys.

As a result of systematic palaecomagnetic studies on Mesozoic rocks from
the Transdanubian Central Range independent proof was obtained for its
southern Tethyan origin: the “Mesozoic loop” shown by the apparent polar
wander curve (APW) for the Transdanubian Central Range reflects similar
relative movements in the Mesozoic with respect to the magnetic pole as the
African APW. The APW for the Transdanubian Central Range however,
revealed a very important movement of the area, which is the post-Mesozoic
30-35° counter-clockwise rotation with respect to both Africa and stable Europe
[Marton and Marton 1981, 1983]. This conclusion is very important for more
than one reason. First of all it is a hard fact which cannot be disregarded in any
plate tectonic reconstruction; secondly, it supports the model put forward by
VandenBhrg [1979] which questioned the persistence of the African Promon-
tory [Channer et al. 1979] up to recent times; relative movement between the
African Promontory and Africa was proved later, first for autochtonous Istria
then for Gargano [Marton and Veljovic 1983, VandenBerg 1983], thlrdly, the
post-Mesozoic rotation implies that the horizontal displacements must have
been large in the Tertiary, i.e. the final collision between Africa and stable
Europe is younger than Cretaceous.

Although it became clear from the Mesozoic APW for the Transdanubian
Central Range that the large counter-clockwise rotation is post-Mesozoic,
observations on younger rocks were needed to date the rotation more precisely.

The old end of the APW for the Transdanubian Central Range became
interesting, too, mainly for the correlation of the Palaeozoic within the Alpine
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Belt (IGCP project 5). The Velence granite hills - penetrated by Tertiary
andesite - seemed to be an area ideally suited to both ends.

Palaeomagnetic results for the tectonic unit SE of the Mid-Pannonian Belt
have accumulated at a slow rate. Apart from the early works by Kotasek et al.
[1969] , Marton and Marton [1969a, 1969b, 1970], Dagley and Ade-Hall
[1970] , palaeomagnetic results were published for the Villany Hills by Marton
and Marton in 1978. Both the Permian from the Mecsek Mts [Kotasek et al.
1969] and the Mesozoic from the Villany Hills [Marton and Marton 1978]

Fig. I. Simplified geological map of Hungary showing the sampling areas of the recent study
1 — Palaeogene sediments; 2 — Tertiary volcanic rocks; 3 — Mesozoic sediments;
4 Mesozoic eruptive rocks; 5  Palaeozoic sediments; 6 - Palaeozoic granitoids; 7 — gneiss
and crystalline schists. Single frame: Velence Hills; double frame: Mecsek Mountains

1 abra. Magyarorszag egyszer(sitett foldtani térképe a jelen paleomagneses tanulmany
mintavételi terileteivel
| — paleogén uledékes kézetek; 2 — harmadkori vulkani kézetek; 3 — mezozoos lledékes
kézetek; 4 — mezozoos eruptiv kbzetek; 5 — paleozoos Uledékes kbzetek; 6 — paleozoos
granitoidok; 7 — gneisz és kristalyos palak. Szimpla keret: Velencei-hegység; dupla keret:
Mecsek hegység

Pue. 1L CxemaTuyeckas reonormyeckas kapta BeHrpum ¢ o603HaueHueM paiioHOB 0T60pa npo6
npy NPOBeAEHHbIX UCCNeA0BaHNAX
1— naneoreHoBble OTNOXEHUS; 2 — TPETUUHbIE BYNKaHWYECKWe MOPOAbl;, 3 — Me3030iicKue
OTNIOXKEHUS; 4 — Me3030/icKne MarMaTiuyeckue nopodbl; 5 naneosoiickue OTNOXKEHUS,
6 — naneosoickue rpaHNToOMabl; 7 — THelCbl U KpUCTanInyeckme cnaHubl. B npocToii pamke:
BeneHueiickue ropbl; B ABOKHOM pamke: Meuekckue ropbl
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yielded uniformly “stable European” directions. For the Cretaceous, the be-
tween-site scatter was large. Dagley and Ade-Hall simply disregarded the
“anomalous” results, Marton and Marton attributed the scatter to local tecton-
ics.

For the next study in SE Transdanubia a relatively undisturbed area, the
Moragy Ridge, was selected where metamorphic rocks, granitoids and alkali
magmatites crop out (Fig. 1). At the start of the palaeomagnetic analysis, the
age of the ultrametamorphism was debated. It was generally accepted, however,
that the granitization ended in the Carboniferous, i.e. the study of the Moragy
granitoids provided an opportunity to obtain Carboniferous directions that
compare in age with the Velence granites.

Prior to the first directions determined on Hungarian granitoids [M arton
1979, 1980], very few results have been reported on intrusive granites and none
on migmatites, for the granitoids were not easy to work with. The standard
laboratory processing of the seventies failed to yield meaningful results. The
standard itself had to be changed in order to isolate the components of a
complex natural remanence.

2. Palaeomagnetic standard in the 70s

The generally accepted procedure in the 70s for palaecomagnetic investiga-
tion may be characterized in the following way. Either hand samples or drill
cores were oriented using the Sun or a magnetic compass. The remanent
magnetization was measured in the natural state, then selected specimens
pilot specimens — were subjected either to alternating field (AF) (mainly
igneous rocks) or thermal (sediments) demagnetization to prove the stability of
the remanence and remove less resistant components. Based on the behaviour
of the pilot samples a single demagnetization step was chosen and the whole
collection cleaned at that step.
Criteria for reliable palaeomagnetic results were first formulated in the 60s
[Irvmg 1964]. A palacomagnetic direction was accepted when
it was based on a minimum of 6 independently oriented samples

- the author thought that his result was indicative of the Earth’s field direction
at the time of the rock formation

- the circle of confidence, <95 [Fisher 1953], was less than 25°

- for older than Tertiary rocks the direction departed significantly from the
present local field direction or the stability of the magnetization was proved
by laboratory cleaning

- the age of the rock was known to the precision of a geological period.

Irving, himself, emphasized that these were minimum criteria and he had
not intended to imply that “the results which satisfy them necessarily give the
direction of the geomagnetic field at the time of formation of the rocks in
question” [Irving 1964, p. 102].
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McEhinny [1973] modified Irving’s criteria by requiring 8 independently
oriented samples together with a laboratory stability test in each case. Concering
the age, for Precambrian rocks he accepted only the results of isotope age
determinations.

3. Method applied to the Hungarian granitoids

The method of obtaining meaningful palaecomagnetic directions for grani-
toids that could be interpreted in geological terms emerged from the laboratory
analysis of the magnetization of the Mecsek granitoids. It is important, how-
ever, first to point out why and how the analysis was done, for it may promote
the better understanding of the palaecomagnetic results described in Sections 6
and 7.

Initially the standard method was applied to the granitoids. When AF
cleaning was unsuccessful for most sample groups, all sister-specimens were
subjected to detailed thermal demagnetization. The reason for rejecting the pilot
method, or rather the treatment of all samples as pilots, was the very varied
behaviour of the samples on both AF and thermal demagnetization.

The detailed demagnetization of each specimen revealed the complex na-
ture of the magnetization. The separation of the components was helped by the
method of subtracted vectors [Hoffman and Day 1978] though it could not be
used in its original form. The components of the remanence in the Mecsek
granitoids did not obey the rules required by the method, except the one aligned
with the present field, which was removed at a very early stage of cleaning. Two
components, significantly different from the present local field direction, were
more resistant. The components were first identified in samples where one of
them dominated over the whole blocking spectrum above 300 °C as characteris-
tic magnetization. In a number of samples however, the NRM was complex: the
direction of the removed magnetization alternated between two directions. In
samples with complex magnetization one of the components was weakly mag-
netic but resistant on termal cleaning; the other, more intensive and less resis-
tant. The more intensive component unblocked in a narrow 50-100 °C interval,
always below the Curie point of the magnetite.

In samples with complex remanence above 300 °C the more intensive
component (component 1) was identified as removed remanence during the
intensity fall on the assumption that the subtracted vector was only insignifi-
cantly biased towards the direction of the weak component. The weak com-
ponent (component Il) survived the intensity fall as a single-component mag-
netization [Marton 1980].

After the separation of the components it became evident that the non-
uniform directions often observed within a single granitoid locality were mean-
ingful from the tectonic point of view. The direction of component Il corre-
sponds to those of the later intruded alkali volcanics. Component | is interpreted
as Carboniferous magnetization. The partial or complete remagnetization of the
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granitoids during the Cretaceous volcanism may be the consequence of region-
ally elevated temperature or of the chemical changes brought about by hydro-
thermal solutions or both.

Complete remagnetization may not be recognized by component analysis,
i.e. a secondary remanence may be mistaken for a primary direction. Based on
experience gained with the Hungarian granitoids it is recommended that not
only the complexity of the remanence of samples be investigated but also the
complex magnetic history of a certain area.

4. Proposed palaeomagnetic standard for the 80s

Today the complete demagnetization and analysis of the whole blocking
or coercivity spectrum is gaining ground as a routine procedure since more and
more researchers realize that it is only a single magnetic component that can
be interpreted in any terms.

Briden and D uff in 1981 published the first and so far the only system of
classifying palaeomagnetic directions that is not simply an enumeration of
rejection criteria. In 1983, at the meeting of the Palaeomagnetic Team of 1GCP
project 5in Budapest, | suggested the use of a modified version, which 1 later
improved and supplemented with rejection criteria (Fig. 2).

The rejection criteria of Fig. 2 serve to eliminate the poorest palaeomagnet-
ic directions. The definition of a site is taken from Tarling [1983. p. 76], viz.
“A volume of material that can be considered to have been magnetized at the
same time, e.g. sediments from the same stratigraphic level or thin lavas or
dykes”.

The criteria for classification of group | are self-explanatory: they charac-
terize the quality of the laboratory investigation.

Group //criteria need some explanation. The tectonic correction is usually
best known for sediments, although in strongly deformed areas it may be a
problem (plunging fold axis combined with high dip angle). For igneous rocks
either no tectonic correction is applied (e.g. migmatites or large intrusive bodies)
or the correction is estimated by the position of the enclosing sediments. For
metasediments the plane of the original bedding provides guidance but the
measured remanence direction of a metamorphic rock is usually not easy to
correct for post-magnetization movements.

The age of the rock should be known with a precision suited to the problem.
For instance, a loose age assignment, like a period, is sufficient when the
apparent polar wandering is slow and only large relative movements are studied.
On the other hand, ages should be known to stages when, for instance, Mesozoic
movements are traced within the Mediterranean area.

The number of samples has always been regarded important in a palaeo-
magnetic work but no distinction has been made between results representing
a point reading of the magnetic field and those averaging out the secular
variation. My suggestion is that the number of samples, sites, localities should
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REJECTION CRITERIA

- no laboratory cleaning

- less than 3 sites

- K<5

- age is not known to an era

- reappraisal found the direction incorrect

CRITERIA FOR CLASSIFICATION
Full documentation is required

"A" direction
extrusive rocks: (point readings of the magnetic field) 6 independent igneous bodies, minimum 3 samples per body
large intrusions or metamorphic rocks 6 different parts sampled, minimum 3 samples per place
sedimentary rocks 16 samples from minimum 6 different strata

Fig. 2. Chart for the classification of palaeomagnetic directions to be interpreted in terms of
tectonics

2. abra. A tektonikai értelmezésben felhasznalni kivant paleomagneses iranyok osztalyozasa

Puc. 2. Knaccugmkaums naneoMarHUTHbIX HanpasneHuin Ans ueneii TEKTOHNYECKO
VHTepnpeTaymum
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depend on the rock type (Fig. 2). Moreover, the statistical parameter, K [Fisher
1953], which characterizes the scatter, should be given equal weight with the
number of samples, sites, localities. The statistical parameter K is increased only
when better quality results are used for statistical evaluation, i.e. in a way
independent of the number of determinations (sites, samples), while a95 [Fisher
1953], which was earlier used, may be improved by increasing the number of
determinations.

The subjective criterion belonging to the group Il criteria is called so for
lack of better terminology. In fact it is the summary of the judgement of a
specialist dealing with a certain material based on observations that cannot be
systematized. Examples could be that the normal and reversed directions within
an age group are 180° apart (applicable only when both polarities are present),
or the high stability of the magnetization may indicate the old age of the NRM,
but equally possibly the secondary, chemical origin of the magnetization.

Group 111 criteria are very hard to satisfy. In general, the age of the
magnetization for folded sediments may best be restricted between the age of
folding and the stratigraphic age; going a step further we may say that if the
magnetization was sufficiently stable to survive a folding process, il should h
a primary magnetization.

The influence of magnetic anisotropy on the direction of the remanence
may be estimated on theoretical grounds or by laboratory experiments. It is
generally agreed, however, that below 5 percent of anisotropy, the influence is
less than the measuring error [Irving 1964, McEthinny 1973].

The system of criteria summarized in Fig. 2 may seem to be too rigorous
even in the mid 80s. It has, however, a great advantage over any simple rejection
system: it permits one to rely on a palaeomagnetic result to an extent dependent
on the quality of a direction. With the help of these criteria, the better estab-
lished directions may be given more weight in any kind of interpretation.

5. Geology of the Velence Hills and the Mecsek Mountains

The quality of a palaeomagnetic determination is influenced by geological
factors (Fig. 2, group II: geological criteria). Moreover, the laboratory work and
the interpretation of the magnetic signal may be helped by information concern-
ing the formation, homogeneity, and secondary alteration of the studied rocks.
In this section the geological observations relevant to palaecomagnetism will,
therefore, briefly be discussed.

The Velence granite is a high level intrusion, homogeneous and well dif-
ferentiated [Jantsky 1957, Buda 1969, Panto 1980]; The Mecsek granite is of
anatectic origin, very varied in composition and texture [Buda 1969, Jantsky
1977, Panto 1980]

The Velence granite is surrounded by phyllite. The regional metamorphism
predates the intrusion. The phyllite enveloping the granite is thought to belong
to the metamorphic series of the Balaton Highlands, and these include diabase
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outcropping on Gécsi Hill and cored at Székesfehérvar. The phyllite suffered
weak contact metamorphism but was more altered chemically by magmatic
fluids.

The contact of the Velence granite intrusion with the phyllite is tectonic.
Only the northern part of the intrusion is on the surface, the southern part is
covered [Jantsky 1957].

The Mecsek granitoids in the Mo6radgy Ridge have no sharp contact with
the neighbouring amphibolites. The northern rim of the Moragy Ridge consists
of rocks metamorphosed to a lesser degree (between greenschist and am-
phibolite facies), with peridotites, originally serpentinite [Ghoneim and Szeder-
kenyi 1979].

Judging from geological observations the Velence granite is of late Car-
boniferous age. The intrusion is dated geologically by the Visean age of the
phyllite, which has been altered by the postmagmatic fluids of the granite and
the appearance of turmalin-bearing aplite and schist in the Permian con-
glomerate, respectively [Jantsky 1957]. Dating by K/Ar gives 280-290 Ma
[Balogh et al. 1983]. The intrusion of the main granite body was followed by
the formation of granite-, granite-porphyry-, and aplite dykes [Jantsky 1957].

The age of the Mecsek granitoids is debated. Based on analogies and earlier
determined but later revised Rb/Sr ages the migmatization was though to be of
Precambrian age: 1000-1200 Ma [Jantsky 1977]. Jantsky suggested that a
second metamorphic event of a lower grade followed the ultrametamorphism
between 520 and 700 Ma. Recently isotope ages were determined by different
methods. Whole rock Rb/Sr [Svingor and KovActi 1981], K/Ar [Balogh et al.
1983]. and U/Pb [Balogh et al. 1983] dates all point to Carboniferous granitiza-
tion. The oldest age is given by the U/Pb method: 365+ 8 Ma, which is probably
the age of the migmatitic process, while the end of the granitization may be
marked by the K/Ar age measured on biotites which is 334+ 11 Ma.

It is generally agreed that the granite dykes and aphtes intruded the
migmatites in the Carboniferous.

Post-Carboniferous andesite volcanism has been known for a long time in
the Velence granite area. Schréter and Mauritz [1952] found evidence for late
Eocene age since they observed andesite tuff' intercalated with fossiliferous late
Eocene sediments in the northern foreground of the Velence Hills. A slightly
younger age, about 30 Ma, is indicated by the lavas (K/Ar isotope age: 30 Ma,
Balogh, pers. comm.). Recently the products of an extreme alkali magmatism
have been recognized in the Transdanubian Central Range. One monchiquite
dyke belonging to this volcanism crops out at the western part of the Velence
Hills [Horvath, pers. comm.). The K/Ar age is about 60 Ma [Balogh, pers.
comm.].

In the Mecsek Mts. Permian rhyolite volcanism (Rb/Sr age 222+45 Ma,
Kovach 1973), Triassic and Jurassic andesite volcanism [Szederkeényi, Pers.
comm.], Cretaceous alkali volcanism and Neogene andesite volcanism (K/Ar
age: 20-21 Ma, Arva-Soss and Ravasz 1978) are known. Of the four, the
products of the Cretaceous alkali volcanism are widespread in the Moragy
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Ridge. Earlier, the alkali volcanism was dated with fossils as Valanginian-
Hauterivian [Vadasz 1960]. More recent observations indicate that the vol-
canism lasted longer: it started in the late Jurassic and reached its maximum
intensity in the early Cretaceous with basaltic composition (the products of this
volcanism were subjected to low-grade metamorphism, Szitagyi 1979), while
the lava bodies th»t are devoid of any sign of metamorphism and/or cut through
folded structures must have intruded after the Austrian orogeny, i.e. in the late
Cretaceous [Neémedi Varga 1983].

6. Palaeomagnetism of the igneous rocks from the Velence Hills
6.1 Sampling

Sampling sites for the different rocks of the Velence Hills are presented in
Fig. 3.

Sampling of the andesite and the monchiquite

Two dykes were drilled at the western end of Sukor6 village (sites 1 and
2), one at the eastern end (site 3). North of the same village three sites (4-6) were
sampled. Site 7, was cored at the north end of Sukord, site 8 in the Nadap
granite quarry. The single outcrop of the monchiquite that was found (site 30)
is close to Péakozd.

Sampling of the granite and its metamorphic envelope

The main granite intrusion and the dykes (granite, granite porphyry, aplite)
were tested at 16 points: some are close to the andesite outcrops, such as three
granite porphyries at Sukord (locality 9: pinkish grey; 13: dark red; 17: reddish-
brown in colour), a quarry with fine-grained grey granite (locality 21), a fluorite
bearing pink granite (locality 22), a red granite and a pink aplite on Gécsi Hill
(localities 10 and 11), an autometamorphosed white-grey granite (locality 25).
Localities 14 and 15, at the village Kisfaludpuszta (dark red granite porphyry
and pink aplite, respectively); locality 18, close to Székesfehérvar (Aranybulla
quarry: grey granite dyke) and localities 19 and 20 at Patka (reddish-brown and
grey granite porphyries, respectively) are situated far from the known andesite
outcrops, at the western margin of the Velence Hills. Localities 16, 23 and 24
(medium grained pinkish granite, grey granite porphyry dyke and a medium
grained pink granite respectively are still within a reasonable distance from the
eastern part of the Velence Hills where the andesite is thought to have erupted.

Phyllites that were subjected to moderate contact metamorphism were
collected at the northern rim of the granite intrusion (localities 26-29), and the
single outcrop of the diabase (12), belonging to the metamorphic envelope of
the granite, was grilled at Gécsi Hill.
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Fig. 3. Geological sketch map of the Velence Hills with the palaeomagnetic sampling sites and
localities
a — schist; b — the main granite intrusion; ¢ — andesite; d — hydrothermally altered andesite;
e altered granite; f — granite porphyry and aplite dykes; 1 8  sampling sites for the
andesite; 9 11 and 13-25 - sampling localities for the granite; 12 and 26-29 - sampling
localities for the metamorphic envelope of the granite

3. abra. A Velencei-hegység vazlatos foldtani térképe a paleomagneses mintavételi helyekkel

a pala; b granit; ¢ andezit; d hidrotermalisan bontott andezit; e - mallott granit;
f — granitporfir- és aplittelérek; 1-8 — mintavételi helyek andezitben; 9-11 és 13-25 -

mintavételi helyek granitban; 12 és 26-29 — mintavételi helyek a granit metamorf burkaban

Puc. 3. CxemaTnyeckas reonoruyeckas kapTa BeneHuelickux rop ¢ Toukamu ot6opa npob Ha
nancomarHWTHble onpeaeneHns
a — cnaHubl; b — rpaHuThl; € - aHgesuTbl; d — rugpoTepManbHO U3MEHEHHbIE aHAe3UTbl; e —
N3MEHEHHble TpaHuTbl: f— palikn rpaHUTNOPOUPOB M ananMToB; i-8 - TOYKKM 0T60pa Npob m3
aHge3nToB; 9-11 n 13-25 — ToukM oT60pa NpPob U3 rpaHMToB; 12 N 26-29 — TOUKKM 0T6Opa
npo6 13 MeTaMopduyecKoro Yexna rpaHUToOB

6.2 Laboratory treatment

1he NRM of the magnetically oriented samples was measured with JR"f
spinners, the magnetic susceptibility on a K.LY-1 susceptibility bridge. One
specimen per sample was subjected to stepwise cleaning. The andesite was
demagnetized progressively in AF field (the demagnetizers used were a Schon-
stedt GSD-1 and an AF demagnetizer built at the Technical University of
Budapest). In addition, all sister samples from site 6 were subjected to stepwise
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thermal demagnetization to check on the carriers of the magnetization since the
specimens showed uncommonly resistant behaviour for a magnetite (the ex-
pected carrier of the NRM in basalts and andesites). The monchiquite was
cleaned thermally.

Two sister specimens were demagnetized from each granite and metamor-
phic sample: one by progressive heating and cooling in a field-free space, the
other either by progressive AF or by heating at one or more temperatures
depending on the behaviour of the stepwise heated sister specimen. During
thermal cleaning the possible change in magnetic mineralogy was monitored by
measuring the magnetic susceptibility at each heating step.

6.3 Results
Andesites (Fig. 3, sites 1-8)

Most of the andesite specimens cleaned readily in AF. Either the secondary
magnetization (acquired in the Earth’s present magnetic field) was insignificant
(e.g. site 3) or was practically removed at an early stage of the cleaning (Figs.
4/a and 5/a). Thermal cleaning, where applied, was less efficient and of course
more time-consuming than AF cleaning (Fig. 4/a). Nevertheless, it was worth
doing for it revealed that the natural remanence was carried by three different
magnetic minerals:

a) maghemite (decrease in susceptibility between 250 and 525 °C accom-
panied by a marked change in direction of the NRM),

b) magnetite (slight change in susceptibility combined with a sudden de-
crease in the intensity of the NRM between 525 and 550 °C), (Fig. 4/b)

c) haematite (part of the NRM survives at 585 °C).

Moreover, analysis of the NRM showed that the secondary magnetization
along the present field resided in maghemite while the magnetite and the
haematite reflected the same field direction—away from the present local field
(in Fig. 4/a both D and / decrease towards the origin as a straight line, from
525 °C onwards).

Puc. 4. BeneHugelickne ropbl. [MoBegeHMe eCTECTBEHHON OCTaTOYHOM HamarHUYEHHOCTU Mpw
pasmarHuumBaHumn. Aunarpamma HaknoHeHme (1) — cknoHexme (D)

a) AHae3nTbl, Touka Ne 6: noBefeHVe BbIGOPOUHbLIX NPO6 Npy pasmarHMYMBaHWK NePeMeHHbLIM
TOKOM W MpW TepMa/ibHOM pa3MarHu4vBaHWMM, COOTBETCTBEHHO. leanHuua = 8' 10 2 A/m
TouKn: TepMasibHOe pasMarHu4mBaHue, CTyneHun umnctku (1-10): ecTecTBeHHas
HamarHuuyeHHocTtb, 100, 200, 250, 300, 400, 480, 525, 550, 580 °C. Kpy»Ku: pasmarHuynmBaHue
nepemMeHHbIM TOKOM, CTyneHu 4ncTku (1-8): ecTeCTBeHHas HamarHu4yeHHocTb, 0,02, 0,03, 0,04,
0,05, 0,06, 0,1, 0,12 Tecna
b) MoHuUMKMTbI, Touka Ne 30: M3MeHeHWe ecTeCTBEHHOW OCTaTOYHOW HaMarHWYeHHOCTW npu
TepMasibHOM pasMarHuumBaHumn. leanHuua = 1,6 < 10“1A/m
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Fig. 4. Velence Hills. Behaviour of the NRM on demagnetization. Declination (D) and
inclination (/) plots
a) Andesite, site 6: change in NRM of sister specimens on AF and thermal demagnetization,
respectively. 1unit = 8 m10"2 A/m
Dots: thermal demagnetization, cleaning steps (1-10): NRM, 100, 200, 250, 300, 400, 480, 525,
550, 580 °C. Circles: AF demagnetization, cleaning steps (1-8): NRM, 0.02, 0.03, 0.04, 0.05,
0.06, 0.1, 0.12 Tesla
b) Monchiquite, site 30: change in NRM on thermal demagnetization. 1 unit = 1.6 «10"1 A/m

4. abra. Velencei-hegység. Az NRM viselkedése lemagnesezéskor. Deklinacié (D) és inklinacio
(/) abra
a) Andezit, 6. mintavételi hely: az NRM viselkedése valtoter(i és termalis lemagnesezéskor.

legység = 8 m10"2 A/m

Pontok: termolemagnesezés, tisztitasi lépések (1-10): NRM, 100, 200, 250, 300, 400, 480, 525,

550, 580 °C. Korok: valtoter( lemagnesezés, tisztitasi Iépések (1-8): NRM, 0,02, 0,03, 0,04, 0,05,

0,06, 0,1, 0,12 Tesla
b) Monchiquit, 30. mintavételi hely: az NRM viselkedése termalis lemagnesezéskor.

legység = 1,6 m10"1A/m



96 E. Marton

As a result of cleaning, all the studied andesite dykes (all the known
outcrops were sampled) yielded statistically well defined directions (in Table |
K: large, a95: small). The overall mean based on 8 sites is:

0=144° [=-44° A=14 a95=15.10

Monchiquite (Fig. 3, site 30)

Al 10 cores, collected at a single outcrop, were subjected to cleaning by
stepwise heating after 0.01 T AF. Maghemite and magnetite were recognized
in the samples, both being magnetized along the same field direction. As seen
in Fig. 5/b the maghemite started to convert to a stable mineral phase from
350 °c on, but the direction remained unchanged. Cleaning above 500 °C resul-
ted in a good grouping of the directions:

£=334° [=43° A=33 a%=85%
based on 10 cores.

Granites and metamorphic envelope (Fig. 3, localities 9-25)

The overprint component along the present local field is not as conspicuous
as in the andesites. It can be detected, however, as removed magnetization below
a maximum of 500 °C (Fig. 6). Characteristic magnetization may be defined for
most of the granites and for the diabase but they fall into two groups.

In the first group (localities 9-16) even complete demagnetization (Fig. 7)
fails to reveal any direction different from that of the present local field or from
that of the andesites (Fig. 8, Table 11 polarity is indifferent to direction). The
overprint due to recent remagnetization is easily removed. The characteristic
magnetization is similar to the characteristic remanent magnetization (ChRM)
of the andesites. It is interpreted therefore as secondary remanence acquired
during the andesite volcanism. It is interesting to note that complete remag-
netization is not dependent on the magnetic mineralogy: haematite (Fig. 9/a)
as well as magnetite (Fig. 9/b) may be the carrier of the secondary remanence.

The fully remagnetized andesites are treated as representatives of the
Earth's magnetic field direction at the time of the andesite volcanism. Thus the
mean at the time of the andesite volcanism may be estimated from the directions
for both andesites and remagnetized older rocks:

£>=151° [=-45° A=22 a%=8%°
The direction, based on 8 andesite sites and 7 granite and 1 diabase localities,
is a better approximation to the average direction of the Earth’s magnetic field
than the mean based on the 8 andesite dykes.

The second group of granites (localities 21-25) allows the identification of
a magnetic direction different from both the direction of the present field and
that of the field at about 30 Ma ago. The dominant carrier of the ChRM in this
group seems to be magnetite, but minor haematite may also be detected.
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Fig. 5. Velence Hills. Normalized intensity (dots) and susceptibility (circles) curves for thermally
demagnetized specimens
a) Andesite, site 6
b) Monchiquite, site 30

5. abra. Velencei-hegység. A kezdeti értékkel normalt intenzitas (pontok) és szuszceptibilitas
(korok) gorbék a hémérséklet fiiggvényében
a) Andezit, 6. mintavételi hely
b) Monchiquit, 30. mintavételi hely

Puc. 5. BeneHuelickve ropbl. KpnBble HOPMann30BaHHOW WUHTEPHCUBHOCTU (TOUKM)
N BOCMPUMMYMBOCTM (KPYXXKM) Npo6 nocne TEPMUYECKOA YUCTKM
a) AHAe3nTbl, Touka No 6
b) MOHUMKUTbI, Touka Ne 30

Fig. 7. Velence Hills. Granite aplite, locality 10.
Declination-inclination plot showing the behaviour of the
NRM on thermal demagnetization. 1 unit: 4- 10~4 A/m.
Cleaning steps: NRM, 100, 200, 300, 500, 550, 575 °C

7. dabra. Velencei-hegység. Granit aplit. 10. mintavételi hely.
Deklinacia-inklinacio abra, amely az NRM viselkedését
mutatja termolemagnesezésre. | egység: 4 « 10~4 A/m.
Tisztitasi lépések: NRM, 100, 200, 300, 500, 550, 575 °C

Puc. 7. BeneHueiickue ropbl. paHUT-ananTbl, Touka Ne 10,
[varpamma Hak/NOHEHWe-CKII0HeHMe, NoKasbliBaroLLas
noBe/ieHNe ecTeCTBEHHOW OCTaTOYHON HaMarHMYeHHOCTU Mpu
TEPMUYECKOM pasmarHuymeaHun. legmHuua = 410 4A/w.

R CTyneHn YNCTKW: eCTeCTBeHHas HamarHuyeHHocTb, 100, 200,
300, 500, 550, 575 °C

S Down
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tig. fi. Velence Hills. Granite aplile, locality 10. Directions of the measured (double circles) and
the removed (dots and circles) remanencc at and between the temperatures indicated on the
plot. Stcreographic projection. Solid symbols: positive inclination, hollow symbols: negative
inclination. Asterisk: direction of the present local magnetic field

6. abra. Velencei-hegység. Granit aplit, 10. mintavételi hely. A mért (kettds kordk) és az
eltavolitott (pontok és kdrdk) remanens magnesezettség iranya az abran jelzett h6mérsékleteken.
Szogtarto vetiilet. Teli jelek: pozitiv inklinaci6. Ures jelek: negativ inklinaci6. Csillag: a mai helyi

magneses tér iranya

Puc. 6. BencHueiickue ropbl. paHuT-ananTbl, Touka Ne 10. HanpaBneHus M3MepeHHO
(4BOVIHbIE KPYXXKM) N yAQNEHHONW (TOYKM M KPYXKKKM) OCTATOYHON HaMarHWYeHHOCTWU npu
Temnepatypax, GUrypupyowmnx Ha gunarpamme, u mexgy Humu. Ctepeorpadmyeckas npoekuus.
3annTble 3HaKU: NOMOXUTENbHbIE HAKOHEHWS, MOMble 3HAKN: OTpULATE/IbHbIE HAKNOHEHUS.
3Be3404Ka: HanpaeneHWe COBPEMEHHOr0 MarHUTHOrO MNons B palioHe oT6opa npob
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Fig. 8. Velence Hills. Andesites (triangles) and completely remagnetized granites (small circles).

Site and locality means. Stereographic plot. Solid symbols: positive inclination, hollow symbols:

negative inclination. For the remagnetized granites the confidence circles are shown, too (a95).
The present local magnetic field direction is indicated by the asterisk

8. abra. Velencei-hegység. Andezitek (haromszdg) és teljesen atmagnesezett granitok (kis korok).
Mintavételi helyek kodzépiranya szdgtartd vetileten. Teli jelek: pozitiv inklinacié, Ures jelek:
negativ inklinacié. Az atmagnesezett granitok kozépiranyaval egyitt a konfidenciakdérék (a95) is
lathatok. A jelenlegi helyi magneses tér iranyat csillag jelzi

Puc. 8. BeneHuelickue ropbl. AHLe3UTbl (TPEYrONbHUKM) 1 MOMHOCTbH NepeMarHUYeHHbIe
rpaHnTbl (Masble KpyXkun). CpegHue no Toukam. CTepeorpaguyeckas Npoekuus. 3anutble
3HaKW: NOMOXMTE/bHbIE HAK/OHEHUS, MOJble 3HAKWU: OTpULATENbHbIE HaKNOHeHUs. Ans
nepeMarHU4YeHHbIX FPaHUTOB MOKas3aH Takxe Kpyr gosepus (a%. CoBpeMeHHOe MarHUTHOe none
B pailoHe O0TMEeYeHO 3BEe3[04KONA
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Fig. 9. Velence Hills. Normalized NRM (dots) and susceptibility (circles) versus temperature
curves
a) completely remagnetized red granite, b) completely remagnetized granite aplite

9. abra. Velencei-hegység. Az NRM (pontok) és a szuszceptibilitas (korok) kezdeti értékkel
normalt értékei a hémérséklet fliggvényében
a) teljesen atmagnesezett vords granit, b) teljesen atmagnesezett granit aplit

Puc. 9. BeneHuglickue ropbl. KpuBble 3aBUCHMOCTM HOPManu30BaHHON eCTECTBEHHON

0CTaTOYHOW HaMarHMYeHHOCTW (TOYKM) U MarHUTHOW BOCNPUUMYMBOCTM (KPYXKKU) OT

TeMnepaTtypbl a) MONHOCTbIO MepeMarHUYeHHble KpacHble FPaHUTbl U b) MOAHOCTLIO
nepeMarHU4YeHHble FPaHUT-ananTbl

Fig. 10. Velence Hills. Normalized NRM (dots) and susceptibility (circles) versus temperature
curves
a) grey granite —locality 21; b) pink granite — locality 24

10. abra. Velencei-hegység. Az NRM (pontok) és a szuszceptibilitas (korok) kezdeti értékkel
normalt értékei a h6mérséklet fiiggvényében
a) szurke granit — 21. mintavételi hely; b) rézsaszin granit — 24. mintavételi hely

Puc. 10. BeneHuelickune ropbl. KpuBble 3aBUCMMOCTV HOPMa/iM30BaHHON eCTECTBEHHONA
0CTaTOYHON HamMarHW4YeHHOCTW (TOYKM) U MArHUTHOW BOCNPUUMYMBOCTU (KPYXKKK) OT
Temneparypsbl
a) cepble rpaHnTbl — To4ka Ne 21; b) po30oBble rpaHUTbl — TOYKa 24



ueqgieze|qel |
Ze JUlW Xas3|QIar MaAugwpals sasaubewosjed “oluelb ‘BasABay-19ousaA 1ezejgel ‘Hi

| 9|qeL ul se SjoquiAS ‘synsas onaubewoaejed salueiB ‘S||IH 80US[SA CI11 "9|qel
c
8
3
=
Wi @Wn/ vxe3 — mo OxX IO~

8 O ™ oufibs &= oo - eV xx g Qs
E
N ue Cm
H &l_l_ mn P_VUM

102



Palaeomagnetism of igneous rocks from the Velence Hills and Mecsek Mountains 103

Maghemite is not evidenced magnetically in the specimens belonging to this
group (Fig. 10la) except for locality 24 (Fig. 10jb). Although overprint com-
ponents are present, thermal cleaning removes them efficiently (Fig. 11).
The locality means after min. 500 °C cleaning are shown in Table 11l and
Fig. 12. The overall mean based on 5 localities is:
0=144° [=+30° k=49 a%=11.1°
The granites from localities 17-20 and all the phyllites failed to yield characteris-

tic magnetizations.
The irregular distributions of the completely remagnetized granite localities

and of those with different direction suggest that the remagnetization was
caused by the chemical influence of the hydrothermal solutions and that the
degree of alteration must have been dependent on the porosity of the granit.

Fig. Il. Velence Hills. Change of the NRM on thermal demagnetization. Declination (D)
inclination (/) plots. 1 unit = 8« KP4 A/m
a) Grey granite porphyry, locality 23: cleaning steps are NRM, 100. 200, 300. 400, 500. 525,
535, 545 °C
b) Grey granite, locality 21: cleaning steps are NRM, 100, 200, 300, 400, 500, 525, 560, 575,
585, 600, 625 °C

11. abra. Velencei-hegység. Az NRM valtozasa termolemagnesezésre. Deklinacio-inklinacid
abra. legység: 8 m10-4 A/m
a) Szirke granit porfir, 23. mintavételi hely, tisztitasi lépések: NRM, 100, 200, 300, 400. 500,
525, 535, 545 °C
b) Szirke granit, 21. mintavételi hely, tisztitasi 1épések: NRM, 100, 200, 300, 400, 500, 525, 560,
575, 585, 600, 625 °C

Puc. I1. BeneHueickne ropbl. I3MeHeHMe eCTECTBEHHON OCTaTOYHOW HamMarHUYEHHOCTU Npu
TepMuyeckoi uncTtke. Aimarpamma cknoHeHne (D) — HaknoHeHwe (/). leguHnya = 8 m10 4 A/m.
a) cepble rpaHUT-Nnopdmpbl, Touka Ne 23: CTYNeHU YMCTKW: ecTeCTBEHHas HamarHUYeHHOoCTb, 100,

200, 300, 400, 500, 525. 535, 545 °C; (cepble rpaHMTbl, Touka Ne 21: CTyneHN YUCTKU:
eCTecTBeEHHasi HaMarHn4yeHHocTb, 100, 200, 300, 400, 525, 560, 575, 585, 600, 625 °C
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Fig. 12. Velence Hills. Locality means with a% of the granites with independent characteristic
magnetization. Stereographic plot. Positive inclinations. Asterisk represents the present local
magnetic field direction

12. abra. Velencei-hegység. Granitok dnallo magnesezettséggel. A mintavételi helyek
kozépiranya a95-el. Szdgtartd vetilet, pozitiv inklinaciok. A csillag a mai helyi foldmagneses tér
iranyat jelzi

Puc. 12. BeneHugiickue ropbl. CpeaHue Mo To4YKam C a,, 411 FPaHUTOB C He3aBMUCUMON
XapaKTepHO HamarHu4yeHHOCTbI0. CTepeorpaguueckas Npoekums. MonoxXuTenbHble
HaK/MOHEeHNs. 3Be3[04KOI OTMEUEHO Hampas/ieHne COBPEMEHHOIO MarHUTHOTO MOAs B paiioHe

7. Palaeomagnetism of the igneous rocks from the Mecsek Mountains

As was mentioned in section 1, early works on the Cretaceous alkali basalts
and related rocks in the Mecsek Mountains [Marton and M arton 1969, 1970,
1971; Dagley and Ade-Harl1 1970] preceded the modern analysis of the com-
plex magnetization of the granitoids [Marton 1980]. Table IV summarizes the
results obtained by different authors and compares the corresponding direc-

tions.
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The directions shown in Table IV are the results of similar field and
laboratory procedures: in the field, magnetic orientation, in the laboratory, AF
cleaning was the standard. The Komld andesite is an exception: this was
oriented by means of a Sun compass by the British team. The mean directions
determined by both teams for the same sites (except Komld) are similar. Never-
theless, the published mean poles for the Cretaceous are very different:

®=62° /1=265° (Dagley and Ade-Hall)

®=82° [1=160° (Marton and Marton)
respectively. The disagreement is due to the different data base and the different
method of interpretation.

First of all, not all sites were sampled by both teams. Secondly, the
Hungarian team based the site means on stable samples only, and on one
direction per sample. The British team improved the statistics by taking the
directions measured at two consecutive cleaning steps on the same specimen as
independent observations (1), and with the help of a computer, selected two
consecutive cleaning steps for each specimen by testing every possible combina-
tion of the directions for a site until the best grouping was achieved. Thirdly,
the British team based the overall mean on all site means, no matter how large
within-site scatter (and of course the scatter was underestimated) but rejected
a statistically very well defined site mean (Hosszuhetény) thinking that the
direction was anomalous. Local tectonic correction posed a problem for both
teams. According to the geological model of the 60s, the alkali volcanism
predated the mid-Cretaceous folding in view of which the obtained magnetic
directions had to be tilt-corrected. By doing so the scatter was not reduced—as
was remarked on by the British team. The Hungarian team interpreted their
results—acceptable even by modern standards—in terms of local tectonics.

Although the difference in the final result was realized by the authors
themselves and by others [e.g. M cE1hinny 1973], the problem was not touched
upon again, until the first results oiKthe Cretaceous were obtained from the
Moragy Ridge [Marton 1980].

7.1 Sampling

Sampling sites for the different rocks of the Mecsek Mountains are pre-
sented in Fig. 13.

Sampling of the granitoids

From the Moéragy Ridge diatexite, nebulite and porphyroblastic granite
were collected at locality 1, diatexite and nebulite at locality 2, diatexite and
porphyroblastic granite were sampled at localities 4, 5, and 8. Aplites intersect-
ing the migmatites (localities 7 and 8), and a single serpentinite occurence at
Ofalu (locality 6) were studied too, this last by Dunk1 et al. [1982].
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Fig. 13. Geological map of the Mecsek Mountains with the palaeomagnetic sampling sites and

localities. Sediments: a — Early Permian; b  Middle and Late Permian; ¢ — Early Triassic;

d Middle Triassic; e - Late Triassic; f  Early and Middle Jurassic; g Late Jurassic.
Metamorphic and igneous rocks: h-k — Palaeozoic: h — migmatite; i - mica schist;

j — porphyroblastic granite; kK — fine-grained granite. 1— Miocene andesite; m — Cretaceous
alkali basalts. Sampling localities: 1-5 — granites of migmatitic origin; 6  serpentinite;
7-8  aplitc; 9-16  dykes, products of the Cretaceous alkali volcanism in the Méragy Ridge;
17-22 — lava flows and dykes, products of the Cretaceous alkali volcanism in the Eastern
Mecsek; 23 — Miocene andesite; 24-26 — dykes, products of the Cretaceous alkali volcanism in
the Western Mecsek; 27-29 lava flows, dykes and small intrusion, products of the Cretaceous
alkali volcanism in the Northern Nappe

13. abra. A Mecsek hegység foldtani térképe a paleomagneses mintavételi helyekkel.
Uledékes kizetek: a — alsé perm; b kozéps6 és felsé perm; ¢ — alsé triasz; d - kdzéps6
triasz; e — fels6 triasz; f — als6 és kdzépso jura; g — fels6 jura. Metamorf és magmas kézetek:
h-k — paleozoos: h — migmatit; i — csillampala; j — porfiroblasztos granit; k — finomszemi
granit; 1 miocén andezit; m — kréta alkali bazalt. Mintavételi helyek: 1-5 — migmatitos
granitok; 6 — szerpentinit; 7-8 — aplit; 9-16 kréta alkali vulkanizmus termékei a Moragyi
Rog terlletén; 17-22 — a kréta alkali vulkanizmus termékei a Keleti Mecsekben; 23 — miocén
andezit; 24-26 — a kréta alkali vulkanizmus termékei a Nyugati Mecsekben; 27-29 — a kréta
alkéli vulkanizmus termékei az Eszaki Pikkelyben

Puc. 13. M'eonornyeckas kapta MeuyeKcKMx rop ¢ ToO4KaMy 0T60pa NasieoOMarHMTHbIX NPo6
OcafouHble NOPOAbl: & — HWKHAS NepMb; b — cpeaHAs 1 BEPXHAS NepMb; C — HUKHWIA Tpuac;
d — cpegHuiA Tpuac; e — BepxXHWUI Tpuac; f— HMKHAS—CPeAHAs opa; §  BEPXHAsA topa;
mMeTamopuyeckme 1 mMarmaTuyeckme nopogbl: h-k — naneosoiickve: h — MUrMaTuThl;

i — cnoaaHble cnaHubl; j — Nopdupo6aacToBble rPaHUTbl; K — TOHKO3ePHUCTbIE FPaHUTLI;
1— TpeTU4Hble aHAEe3nTbl; M — MefoBble LeNoYHble 6a3anbTbl. Touknm oT60pa Npob:

1-5 — rpaHnUTbl MUTMaTUTOBOrO NPOUCXOXAEHUSA; 6 — CEePNeHTUHUTLI; 7-8 — annuThbl;
9-16 — palikn — NPOAYKTbl MENOBOrO0 LLENOYHOro BynkaHu3mMa B MopagbCKoM 6/10Ke;
17-22 — naBOBble MOTOKN W AalikKu — NPOAYKTbl MeNOBOrO LeN0YHOro BY/KaHU3Ma
B BOCTOYHOI YacTh ?yleveKckux rop; 23 — TPeTUYHble aHAe3nTbl; 24-26 — faliku — NPOAYKTbI
MefIOBOrO LLEeMOYHOro ByNKaHW3Ma B 3anafHoi yactu Meuyekckux rop; 27-29 — naBoBble
NOTOKM, JaiKn K Mefikue MHTPY3MBbl — MPOAYKTbl MEMIOBOrO LLE0YHOr0 BYNKaHW3Ma
B CeBepHOIl yellye
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Sampling of the Cretaceous volcanites

Bostonite was collected at sites 9 and 10, trachite at sites 12 and 14, alkali
basalt at sites 11 and 13. White and red calcite veins probably connected with
the alkali volcanism were sampled at sites 15 and 16 respectively. Sites 11-16
were sampled and processed by Dunkl et al. [1982].

An alkali basalt dyke was collected at site 21 and site 19 was resampled by
Sun compass orientation. Phonolite was cored at locality 20.

Alkali basalt dykes were drilled at sites 24-26.

Locality 27 supplied samples both from a lava flow and cutting dykes. One
more lava flow was drilled at site 28, and a dyke at 29.

Sampling of the Koml6 andesite laccolith

One site was sampled from the big quarry near Komlo. Orientation was
again done by a magnetic compass.

7.2 Laboratory treatment after 1975

The same instruments were used for processing the rocks collected after
1975 from the M6ragy Ridge and other parts of the Mecsek Mountains as for
the rocks from the Velence Hills. In addition, an electromagnet capable of
creating a maximum field of 0.7 T DC was used for experiments with the
isothermal remanence (IRM).

One specimen per sample of the granitoids was AF cleaned, a sister speci-
men was thermally demagnetized in many steps. The serpentinite was subjected
to thermal cleaning only. The possible change in magnetic mineralogy on
heating was judged by comparing the spectrum of the isothermal remanent
magnetization of the heated and the AF cleaned sister specimens, respectively.

The NRM of the Cretaceous and younger volcanics was treated with AF
or thermal demagnetizers or a combination of both (first with AF, then thermai
cleaning). Mineralogical change was monitored by susceptibility measurements
after each heating step.

The anisotropy of the susceptibility was determined for some of the local-
ities with a D1GICO instrument at the University of Newcastle upon Tyne and
with a KLY 1 susceptibility bridge in Budapest.

7.3. Results
Granitoids and serpentinite (Fig. 13, localities 1-8)
The NRM directions exhibited a large scatter before cleaning, except for

locality 2. AF cleaning had either no effect on the scatter or even increased it
because of the instability of the NRM on AF treatment.
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Thermal and AF demagnetization revealed similar characteristic remanen-
ces for locality 2 (Fig. 14). Thermal cleaning permitted the isolation of charac-
teristic remanences for localities 7 and 8 (Fig. 15), but these ChRM-s were
different from the ChRM of locality 2. The ChRM for locality 2 (for further
discussion we call it direction I) was similar to the Permian direction for the
Western Mecsek [Kotasek. et al. 1969] whereas those for localities 7 and 8
(direction 1I) to some of the Cretaceous directions for the Eastern Mecsek
[Marton and Marton 1969, Dagley and Ade-Hall 1970]

Directions | and 1l were combined in a complex manner at the other
localities. Detailed thermal demagnetization and analysis of both measured and
removed remanence at every heating step resulted in the separation of the
components. At the same time, the non-uniform direction of the ChRM at some
localities became meaningful.

Fig. 14. Mecsek Mountains. Agmatite, locality 2. Behaviour of sister specimens on AF (circles)
and thermal (dots) demagnetization. Declination-inclination plot. 1 unit = 8 m10-2 A/m.
Cleaning steps, thermal demagnetization: NRM, 100, 150, 200, 250, 300, 350, 400, 450, 500,
550, 575, 625, 650 °C; AF demagnetization: NRM, 0.005, 0.01, 0.015, 0.02, 0.025, 0.03, 0.04,
0.07, 0.1 Tesla

14. abra. Mecsek hegység. Agmatit, 2. mintavételi hely. Egy mintabél kivagott probak
viselkedése valtoterl (pontok) és termo (kdérok) lemagnesezésre. Deklinacié-inklinacié abra.
1egység: 8« HIM 2 A/m. Tisztitasi Iépések, termolemagnesezés: NRM, 100, 150, 200, 250, 300,

350, 400, 450, 500, 550, 575, 625, 650 °C; valtoter(i lemagnesezés: NRM, 0,005, 0,01, 0,015, 0,02,
0,025, 0,03, 0,04, 0,07, 0,1 Tesla

Puc. 14. Meuekckue ropbl. ArmatuTbl, Touka Ne 2. NoBefeHNe BbIGOPOYHbIX NPO6 Mpw
pasMarHM4mMBaHUW MePeMeHHbIM TOKOM (KPYXXKM) M TepMUYECKOM pasmarHu4mBaHum (TOUKM).
[varpamMmma HaknoHeHue-CKNoHeHne. leauHuya = 8« 10“2 A/M. CTyneHun TepMUYeCKoi
UMCTKW: ecTeCTBEHHAs HamarHuyeHHocTb, 100, 150, 200, 250, 300, 350, 400, 450, 500, 550, 575,
625, 650 °C. CTyneHu nNpu 4YMCTKe NepeMeHHbIM TOKOM: eCTECTBEHHAA HaMarHu4eHHocTb, 0,005,
0,01, 0,015, 0,02, 0,025, 0,03, 0,04, 0,07, 0,1 Tecna
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Fig. 15. Mecsek Mountains. Granite aplite, locality 7. Behaviour of the NRM on thermal
demagnetization. Declination-inclination plot. 1 unit = 2 «10-3 A/m. Cleaning steps: NRM,
100, 150, 200, 250, 300, 350, 400. 450. 500, 550, 575, 600, 625, 650, 675, 700 °C

15. abra. Mecsek hegység. Granit aplit. 7. mintavételi hely. Az NRM viselkedése
termolemagnesezésre. Deklinacié-inklinacié abra. 1egység: 2- 1CI'3 A/m. Tisztitasi lépések:
NRM. 100, 150, 200, 250. 300, 350. 400, 450, 500, 550, 575, 600, 625, 650, 675, 700 °C

Puc. 15. Meuekckue ropbl. 'paHuT-annnTbl, Touka Ne 7. MoBefeHWe eCTECTBEHHOW OCTaTOYHOWA

HamarHMYeHHOCTW MpWU TEPMUYECKOM pasMarHmyvMBaHuu. [uarpamma CKOHeHWe-HaKMoOHeHue.

| egutnua = 2 m10~3 A/M. CTYyNeHn YMCTKU: eCTeCTBEHHas HamarHuyeHHocTb, 100, 150, 200,
250, 300, 350. 400, 450, 500, 550, 575, 600. 625, 650, 675, 700 °C

Both components were observed as subtracted vectors below 300 °C, except
in samples where only direction 11 was present: | found that the granitoids rich
in mafics, such as diatexite and nebulite, and the serpentinite possessed a
characteristic remanence parallel to direction I, which was isolated above 300 °C.
This direction was sometimes carried by a single low blocking mineral (Fig. 16),
sometimes by two, a low and a high-blocking mineral (Fig. 17). The high
blocking mineral must be haematite, the low blocking either magnetite or
oxidized magnetite (Fig. 18). In a few porphyroblastic granite samples only
direction 1l could be observed; in others, both components. In the latter sam-
ples, direction I unblocks in a narrow temperature range below the Curie point
of the magnetite, while the surviving direction Il usually behaves in a moderate-
ly unstable manner. Direction | for the samples with composite remanence was
calculated as a subtracted vector between two cleaning steps, before and after
the intensity fall, on the assumption that direction Il with much lower intensity
could not influence significantly direction I. The high resistance but low inten-
sity of direction Il in the migmatites points to haematite as the carrier. Because
of its diretion (Fig. 19), which is similar to some earlier observed Cretaceous
directions from the Eastern Mecsek and to the overall mean of Cretaceous alkali
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Fig. 16. Mecsek Mountains. Diatexite, locality 1 Behaviour of the NRM on thermal
demagnetization
a) Normalized intensity as a function of temperature showing that the NRM disappears at
500 °C
b) Inclination-declination plot. Cleaning steps correspond to those of 16/a.
lunit = 2+10~4 A/m

16. abra. Mecsek hegység. Diatexit. |. mintavételi hely. Az NRM viselkedése
termolemagnesezésre
a) A kezdeti értékkel normalt intenzitds a h6mérséklet fliggvényében, amely azt mutatja, hogy
az NRM 500 °C-on eltlinik
b) Inklinacié-deklinacidé abra. A tisztitasi lépések megfelelnek az a) abraénak.
legység: 2 «10“4 A/m
Puc. 16. Meuekckue ropbl. [uatekcutbl, Touka Ne 1 NoBefeHVe eCTECTBEHHOW OCTaTOYHOIA
HaMarHM4YeHHOCTU NPy TEPMUYECKOM pasMarHuymBaHuu
a) HopmanusoBaHHas MHTEHCMBHOCTb Kak (YHKLWS TeMnepaTypbl; ecTeCTBeHHas
HamarHM4yeHHoCTb ucyesaeT npu 500 °C
b) Anarpamma HaknoHeHue-cknoHeHue. CTYNEeHN YNCTKN COOTBETCTBYIOT TaKOBbIM Ha puC.
16/a. | eguHnya = 2 m10~4 A/m

rocks from the Moéragy Ridge (see next section), it is clearly a secondary
magnetization. It seems very likely, therefore, that direction Il resides in the
pink feldspars of the migmatites, where the haematite exsolved during the alkali
volcanism. Direction | may be the old. Carboniferous direction with the follow-
ing overall mean:
D= 189 /=18° k=36 @95= 114°

based on the 5 granitoid and 1 serpentinite localities of Table V. Direction I
is either superimposed on direction I, or it is only the remanence observed,
depending on the original magnetic mineralogy. Its acquisition is more likely
due to the regionally elevated but lower than 300 °C temperature during the
alkali basalt volcanism than to the chemical influence of magmatic solutions.
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Fig. 17. Mecsek Mountains. Diatexite, locality 1 Behaviour of the NRM on thermal
demagnetization
a) Normalized intensity as a function of temperature distinctly showing two magnetic phases,
b) Inclination-declination plot. Cleaning steps correspond to those of 17/a.
Llunit = 2+ICC3 A/m

17. &bra. Mecsek hegység. Diatexit, 1L mintavételi hely. Az NRM viselkedése
termolemagnesezésre
a) A normalizalt intenzitds a h6mérséklet fiiggvényében két magneses fazist mutat
b) Deklinacié-inklinaci6é abra. Tisztitasi lépések megfelelnek az a) abraénak.
legység: 2 m10 3 A/m

Puc. 17. Meuekckue ropbl. AunatekcuTbl, Touka Ne I. MMoBefeHWe ecTeCTBEHHOI OCTaTOYHOW
HaMarHW4YeHHOCTU Mpy TEPMUYECKOM pasMarHuynBaHum
a) Hopmanun3oBaHHas MHTEHCMBHOCTb Kak (DYHKLMA TemnepaTypbl; ACHO BUAHO NPUCYTCTBUE
[BYX MarHUTHbIX (a3
b) AunarpamMmma HakIOHeHWe-CKIoHeHe. CTyNneHNn YUCTKM COOTBETCTBYHOT TaKOBbIM Ha puC.
17/a. 1eguunuya = 2 m10"3 A/m
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Fig. 18. Mecsek Mountains. Granitoids, locality 1 Isothermal remanence (IRM) acquisition of
sister specimens before (left-hand side) and after heating to 500 °C (right-hand side)
a) Little change in the low-blocking phase on heating points to magnetite
b) Considerable reduction in the low-blocking phase points to oxidized magnetite as the carrier

18. abra. Mecsek hegység. Granitoidok, 1 mintavételi hely. lzotermalis remanens
magnesezettség felvétele ugyanabbol a mintabol kivagott kezeletlen proban és egy masikon
500 °C-ra tortént melegités utan
a) Melegitésre a kis terekben telit6d6 fazisban csak kis valtozas észlelhet6 (magnetitre utal)
b) Melegitésre a kis terekben telit6d6 fazis atalakul (maghemitre utal)

Puc. 18. Meuekckune ropbl. 'paHnTbl, Touyka Ne 1 3anucb M30TepMasibHON OCTAaTOUYHONA
HamMarHW4eHHOCTM No ABYM o06pasuam K3 0f4HON W TOl e Npobbl, 0AuH (cneBa) 6e3
TepmMoo6paboTku, Apyroii (cnpaea) ¢ NpeABapuTenbHbIM Harpesom go 500 °C
a) Npu HarpeBaHWM HabnAaeTcs He3HauYUTeNbHOE M3MeHeHMe B (hase, HacblWatolencs B nonsx
Manoin MHTEHCUBHOCTU (YKa3blBaeT Ha MarHeTuT)

b) npn HarpeBaHMM HabngaeTca NpespalieHne (Pasbl, HACbILAOLLENCA B NONAX Manoi
WMHTEHCMBHOCTU (YKa3blBaeT Ha Marremur)
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Fig. 19. Mecsek Mountains. Porphyroblastic granite, locality 1 Behaviour of the NRM on
thermal demagnetization
a) Normalized intensity as a function of temperature
b) Declination-inclination plot. 1unit = 8 m10~4 A/m.
Cleaning steps correspond to those of 19/a

19. abra. Mecsek hegység. Porfiroblasztos granit, 1 mintavételi hely. Az NRM viselkedése
termoiemagnesezésre
a) Normalizalt intenzitdas a hémérséklet fliggvényében
b) Dekiinacio-inklinacio abra. 1egység: 8 m10“4 A/m. A tisztitasi lépések megfelelnek az a)
abréaénak

Puc. 19. Meuekckue ropbl. Mopgunpo6nactoBble rpaHuTbl, Touka Ne 1 MoBegeHMe eCTeCTBEHHOM
0CTaTOYHOM HaMarHWMYeHHOCTW MpU TEPMUYECKOM pasMarHuYnMBaHuu,
a) HopMann3oBaHHas WHTEHCMBHOCTb Kak (YHKLUA TemnepaTypbl,
b) anarpamma HaknoHeHMe-CKnoHeHve. 1 egnHuuya = 8 ¢ 10~4 A/M. CTyneHn YncTKu
COOTBETCTBYIOT TakOBbIM Ha puc. 19/a

Cretaceous alkali rocks

a) Méragy Ridge

Compared with the NRM of the migmatites, the remanenee of the alkali
rocks is very simple (Fig. 20). The directions after cleaning depart from the
present field direction. Normal and reversed polarities lie 180° apart. The overall
mean direction based on 8 sites is:

D=93 /=60° k=21 d95=10.8°
The mean direction will not change by adding the two granite aplite localities
to the Cretaceous sites (Table V, localities 7 and 8). This procedure is permitted
regardless of the mechanism of the aquisition of the NRM in the aphtes, which
may be similar to the way the porphyroblastic granites acquired direction II,
or may be different, e. g. thermoremanent magnetization. This latter mechanism
could explain better the high intensity of direction Il in the aplites (Fig. 15), but
it would imply that the aplites are of Cretaceous age, thus contradicting the
isotope ages.
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Fig. 20. Mecsek Mountains. Bostonites. Localities 9. (circles) and 10. (dots). Behaviour of the
NRM on thermal and combined AF and thermal demagnetization. Declination-inclination plot
lunit = 8 «10“4 A/m. The characteristic remanences of the two samples are of similar
direction, but opposite polarity. Cleaning steps: locality 9: NRM, 0.01, 0.02, 0.03, 0.04, 0.05,
0.06, 0.07, 0.08, 0.09, 0.1 Tesla; locality 10: NRM, 0.1 Tesla, 100, 150, 200, 250, 300, 350, 375,
400, 425, 450, 475, 500, 550, 600, 650 °C

20. abra. Mecsek hegység. Bosztonitok. 9. (kérok) és 10. (pontok) mintavételi hely. Az NRM

viselkedése termo és kombinalt valtoterii- és termolemagnesezésre. Deklinacio-inklinacio abra.

legység: 8 10”4 A/m. A két minta jellemz8 magnesezettségének iranya hasonld, de ellentétes

polaritast. Tisztitasi Iépések: 9. mintavételi hely: NRM, 0,01, 0,02, 0,03, 0,04, 0,05, 0,06, 0,07,

0,08, 0,09, 0,1 Tesla; 10. mintavételi hely: NRM, 0,1 Tesla 100, 150, 200, 250, 300, 350, 375,
400, 425, 450, 475, 500, 550, 600, 650 °C

Puc. 20. Meuekckune ropbl. BocToHUTbI. Toukm Ne 9. (kpy>kku) u Ne 10 (Touku). MoBegeHne
€CTeCTBEHHON OCTaTOYHOW HaMarHWYEeHHOCTU NpU TePMUYECKOM U KOMOGUHUPOBaHHOM
(TepMuyeckoe + MepemMeHHbIM NoseM) pasMarHuumBaHumn. [uarpamma CKIOHEHWe-HaKIOHEHNE.
| eguHLa = 8 m10“4 A/mM. XapaKTepHOe HamnpaB/iieHMne 0CTaTOYHON HaMarHW4YeHHOCTM 06enx
npo6 CXOAHO MO MO HanpaBNeHUI0, HO NPOTUBOMOMOXKHO MO NOAAPHOCTU. CTYMEHU YUCTKU:
no Touke Ne 9: ecTecTBEHHas HamarHuyeHHocTtb, 0,01, 0,02, 0,03, 0,04, 0,05, 0,06, 0,07, 0,08.
0,09, 0,1 Tecna;
no Touke Ne 10: ecTeCcTBeHHass HamarHuyeHHocTb, 0,1 Tecna, 100, 150, 200, 250, 300, 350, 375,
400, 425, 450, 475, 500, 550, 600, 650 °C
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The mean direction based on both Cretaceous alkali rocks and granite
aphtes; i. e. 8 sites and 2 localities, is:
D=94° 7=57° k=28 <6=93°

b) Eastern Mecsek (localities 17-23)

Cleaning by AF or combined AF and thermal demagnetization (Fig. 21)
revealed the characteristic magnetization. The “anomalous” direction for local-
ity 19 (Fig. 13) has been confirmed: partly because orientation by the Sun or
by magnetic compass makes no difference (the average difference is less than ),

Fig. 21. Mecsek Mountains. Alkali basalt, locality 19. Behaviour of the NRM on combined AF
and thermal demagnetization. Declination inclination plot. 1 unit = 8 ¢« 10“1A/m.
Cleaning steps: NRM, 0.02, 0.03, 0.04, 0.07, 0.1 Tesla, 525, 550, 575, 600, 625, 650, 676 °C. For
technical reasons, not all cleaning steps are shown in the figure

21. abra. Mecsek hegység. Alkali bazalt, 19. mintavételi hely. Az NRM viselkedése kombinalt
valtoter(i- és termolemagnesezésre. Deklinacio- inklmacio abra. 1egység: 8« 10~ A/m.
Tisztitasi lépések: NRM, 0,02, 0,03, 0,04, 0,07, 0,1 Tesla, 525, 550, 575, 600, 625, 650, 675 °C.
Technikai okokbdl csak néhany tisztitasi Iépést abrazoltunk

Puc. 21. Meuekckue ropbl. LLenoyHble 6a3anbThl, Touka Ne 19. MoBegeHve eCTeCTBEHHON
0CTaTOUYHON HaMarHUMYeHHOCTW NPU KOMOWHUPOBAHHOM (MepeMeHHbIM NOAeM + TepMUYECKOe)
pasmMarHuymMBaHmmn. [narpamma CKNOHeHWe-HaknoHeHue. legumHuua = 8 - 10~ A/m. CTyneHn
UNCTKW: eCTeCTBeHHas HamarHuyeHHocTb. 0,02, 0,03, 0,04, 0,07, 0,1 Tecna, 525, 550, 575. 600,

625, 650, 675 °C. 10 TeXHUYECKMM MPUYUHAM, Ha PUC. MOKa3aHbl He BCE CTYMeHU YUCTKU
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partly because the mean directions based on three different collections of
samples from the same dyke are very similar (Tables IV and VI).

When calculating the overall mean for the Eastern Mecsek, the results of
the new determinations are used. If no new determination is available, directions
published by Marton and Marton [1969] are preferred. For 6 sites (Table VI)
the overall mean is:

£=79° 7=54° k=1 a%=272°
Having applied the tilt corrections (Table VII) the mean direction and the
statistical parameters change to:

£=47° 7=56° k=5 <5H6=336°
In both cases the scatter is large. A way to obtain a better defined direction for
the Eastern Mecsek would perhaps be to divide the directions into two groups
in accordance with the estimated age. Sites 17 and 18 (Fig. 13) very likely belong
to the early Cretaceous group, since these lava flows are intercalated with early
Cretaceous sediments. Unfortunately, very little geological information is avail-
able about the rest, except for locality 20 which can be considered late Creta-
ceous [Némedi Varga 1983].

Nevertheless, both the corrected and uncorrected mean directions are
similar to the mean Cretaceous direction for the Mdragy Ridge. Since a% is
large for the Eastern Mecsek, the difference in declination is not significant.

c) Western Mecsek (localities 24-26)

Full demagnetization was achieved either by AF or combined AF and
thermal cleaning (Fig. 22). The uncorrected directions of the ChRM for sites
24 and 26 are close to the present field direction whereas for site 25 it is
significantly different. Tectonic correction increases the scatter. The results do
not permit one to quantify the declination rotation (Table VII11). It is possible,
however, to see a trend towards clockwise rotation, both from the uncorrected
and corrected directions (Fig. 23).

d) Northern Nappe (localities 27-29)

Laboratory processing of the samples supplied very good demagnetization
curves (Figs. 24-26). In spite of the careful and apparently successful cleaning,
the results are very poor. Although the specimens appeared to have single
component ChRM, the origin is questionable. For instance, locality 27 is not
likely to carry primary magnetization for two reasons: One is that both normal
and reversed samples are present in one of the narrow dykes, which is assumed
to have cooled very fast; the second is that the scatter is rather large and the
distribution of the directions implies that the overprint is not completely re-
moved (Fig. 27). Site 28, on the other hand, is a failure in the statistical sense:
K in Table VIII is too low to be acceptable for a small igneous body with strongly
magnetized samples.

In conclusion, the alkali basalts from the Northern Nappe are not suitable
for tectonic evaluation. It seems unlikely that the study of a large number of
localities could results in a more optimistic summary for the area is very strongly
tectonized and, in consequence, remagnetized.
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Locality code

numbers refer Tilt correction

to Fig. 13

9-11 no tilt correction, since the sampling sites are situated within the
migmatite area of the Méragy Ridge, with no folding

17+ 135/35

18* 310/30

19** 16/33

20** 50/25

21 276/25

22%x% 180/40

23** 180/15

24%* 330/48

25%* 10/25

26" 76/36

27 xx¥* 350/80 overturned?

29" 346/45

Tilt corrections are taken to be the same as the position of the enclosing sediments and were
provided by the following geologists: * Bilik I. ** Szab6 Cs. *** Viczian |. Balia Z.

Table. VII. Local tilt correction applied to the Cretaceous volcanics and the Komlé andesite
(dip azimuth/dip angle)

VII. tablazat. A kréta vulkanitok és a koml6i andezit paleomagneses iranyat modositd
tektonikai korrekciok (délésirany/d6lésszog)

Ta6n. VU. MonpaBKK 3a HaKNOHHOE 3aneraHue, NPUMEHABLLMECS B ClyYae MeNoBbIX
BY/IKAHUTOB W aHAe3UTOB 13 KOM/MO (a3uMyTbl W YI/ibl NafeHuit)
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Fig. 22. Mecsek Mountains. Alkali basalts, localities 25 (circles) and 26 (dots). Behaviour of the
NRM on AF and combined AF and thermal demagnetization. Declination-inclination plot.
lunit = 8-10"" A/m. Cleaning steps: locality 25: NRM, 0.01, 0.02, 0.03, 0.04, 0.05, 0.06, 0.07,
0.08, 0.1 Tesla, 400, 500, 525, 550, 575, 585, 625, 675 °C; locality 26: NRM, 0.01, 0.02, 0.03,
0.04, 0.05, 0.06, 0.07, 0.08, 0.09 Tesla

22. abra. Mecsek hegység. Alkali bazaltok, 25. (korok) és 26. (pontok) mintavételi hely. Az
NRM viselkedése valtoter( valamint kombinalt valtoter( és termolemagnesezésre.
Deklinacio-inklinacio abra. 1egység: 8 m10 1 A/m. Tisztitasi Iépések: 25. mintavételi hely:
NRM, 0,01, 0,02, 0,03, 0,04, 0,05, 0,06, 0,07, 0,08, 0,1 Tesla, 400, 500, 525, 550, 575, 585, 625,
675 °C; 26. mintavételi hely: NRM, 0,01, 0,02, 0,03, 0,04, 0,05, 0,06, 0,07, 0,08, 0,09 Tesla

Puc. 22. Meuekckue ropbl. LLlenoyHble 6a3anbTbl, TOUkM No 25 (Kpyku) n Ne 26 (TOUKWM).
lMoBeAeHWe ecTeCTBEHHOI OCTaTOYHONW HaMarHWYeHHOCTU MpW KOMBUHUPOBAHHOM (MEpPeMeHHbIM
HO/MeM + TepMMYecKoe) pasmarHMymBaHuu. [lnarpaMma CKIOHeHUe-HaKNoHeHue.
leanHnua = 8 m10“1 A/M. CTyneHU YMCTKU: MO TOYKe 25: ecTeCTBEHHAas HamMarHUYeHHOCTb,
0,01, 0,02, 0,03; 0,04, 0,05, 0,06, 0,07, 0,08, 0,1 Tecna, 400, 500, 525, 550, 575, 585, 625, 675 °C;
Mo TOYKe 26: eCTECTBEHHas HamarHu4yeHHocTb: 0,01, 0,02, 0,03, 0,04, 0,05, 0,06, 0,07, 0,08, 0,09 Tecna
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D°

o*.

Fig. 23. Western Mecsek. Site means before and after (double symbols) tilt correction.
Stereographic projection, inclinations are positive. Asterisk represents the present local magnetic
field direction

23. abra. Nyugati Mecsek. A mintavételi helyekre meghatarozott kdzépiranyok tektonikai
korrekcid el6tt és utan (kettds jelek). Szogtartd vetilet, pozitiv inklinacidok. A csillag a mai helyi
foldmagneses tér iranyat jelzi

Puc. 23. 3anagHas uacTb MeueKckux rop. CpefHue no ToUuKam [0 v nocne (ABOiiHbIe 3HaKK)
nonpaekn Ha 3aneraHue. Ctepeorpaduyeckas NPoOeKUus, NONOXKNUTENbHbIE HAKNOHEHUS.
3Be3/]04KOii OTMEUYEHO HampasneHe MarHUTHOrO Nons B paiioHe
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Fig. 24. Northern Nappe, alkali basalts. Behaviour of the NRM on demagnetization.
Declination-inclination plot
a) Site 29, AF demagnetization, 1unit = 8 «10"1A/m. Cleaning steps: NRM, 0.01, 0.02, 0.03,
0.04, 0.05, 0.06, 0.07, 0.08, 0.09, 0.1 Tesla
b) Site without a code number, thermal demagnetization, 1 unit = 8 « 10~2 A/m.
Cleaning steps: NRM-590 °C in 18 steps. The directions of the characteristic remanences are
similar though the samples come from different sites

24. &bra. Eszaki Pikkely, alkali bazaltok. Az NRM viselkedése lemégnesezésre.
Deklinaci6-inklinacio &bra
a) 29. mintavételi hely, az NRM viselkedése valtoter(i lemagnesezésre, 1egység: 8 m10" 1 A/m.
Tisztitasi lépések: NRM, 0,01, 0,02, 0,03, 0,04, 0,05, 0,06, 0,07, 0,08, 0,09, 0,1 Tesla
b) Kod nélkili mintavételi hely, az NRM viselkedése termolemagnesezésre, 1egység:
8+10“2 A/m.
Tisztitasi Iépések: NRM-t61 590 °C-ig 18 Iépésben. A jellemz6 magnesezettség iranyai hasonldk,
habar a mintak kilénb6z6 helyrél szarmaznak

Puc. 24. CeBepHas uellys, LWenoyHble 6a3ansTbl. [MoBefeHNe eCTECTBEHHON OCTaTOYHOW
HamarHM4YeHHOCTW NpU pasMarHUYnMBaHUW. [lnarpammMa CK/IOHEHUe-HaKNOHEeHe
a) Touka Ne 29, pasmarHuymMBaHme nepeMeHHbIM nonem, 1eauvHuua = 8« 10"1A/m. CTyneHn
UMCTKW: ecTeCTBEHHas HamarHuyeHHocTb, 0,01, 0,02, 0,03, 0,04, 0,05, 0,06, 0,07, 0,08, 0,09,
0,1 Tecna
b) Touka 6e3 HOMepa, TepMUYECKOe pasmMarHuymBaHue, 1eanHuua = 8 m10“2 A/m. CTyneHu
YMCTKMW: ecTeCTBeHHas HamarHu4eHHocTb - 590 °C B 18 cTyneHsX. HanpaBneHus xapakTepHOM
0CTaTOYHOW HamarHW4eHHOCTU CXOAHbI, XOTA NPOObI B3ATbl B Pa3HbIX TOUKaX
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Fig. 25. Northern Nappe. Alkali basalt, site 28. Behaviour of the NRM on thermal
demagnetization. Declination-inclination plots for two samples from the same site.
lunit = 810'4 A/m.

Cleaning steps: NRM. 525, 550, 560, 570, 580, 590 °C. The directions of the characteristic
remanences are different though the samples come from the same site

25. &bra. Eszaki Pikkely. Alkali bazalt, 28. mintavételi hely. Az NRM viselkedése
termolemagnesezésre. Deklinaci6-inklinacioé abra, amelyen két minta lathato.
legység: 8«10 4 A/m.

Tisztitasi l1épések: NRM, 525, 550, 560, 570, 580, 590 °C. A jellemz8 magnesezettség iranyai
kilénboz6k, habar a mintdk ugyanarrdl a helyrél szarmaznak

Puc. 25. CeBepHas Yewys. LLlenoyHble 6a3anbThl, Touka Ne 28. oBeaeHne ecTeCTBEHHOM
0CTaTOYHOW HamarHWYeHHOCTU MpW TEPMUYECKOM pasmarHuymsaHuu. duarpamma
CK/TOHEHMe-HaK/IOHeHMe ANs ABYX 06pa3LoB C TOM ke caMoi Toukn. leguuuua = 810 4A/m
CTyneHn YMCTKW: eCTeCTBeHHas HaMmarHuyeHHocTb, 525, 550, 560, 570, 580, 590 °C.
HanpaBneHns xapakTepHOW OCTAaTOYHOM HamMarHWYeHHOCTW pasfinyHbl, XOTS 06pasLbl B3ATbI
C OAHOMN N TOW XXe TOUKM
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Fig. 26. Northern Nappe. Alkali basalt, locality 27. Behaviour of the NRM on combined AF
and thermal demagnetization observed on samples from a lava flow (a) and dykes intruding the
lava flow (b and c). Declination-inclination plots. 1unit = 8« 10'1A/m.

Cleaning steps: NRM, 0.005, 0.01 Tesla,

100, 150, 200, 250, 300, 350, 400, 450, 500, 525, 550, 560, 570, 580, 590 °C.

Note that the direction of the characteristic remanence in the lava flow is similar to those in
Fig. 24 but the direction for the dykes is close to that of the present day field, both with
normal (c) and reversed (b) polarities

26. 4&bra. Eszaki Pikkely. Alkéali bazalt, 27. mintavételi hely. Az NRM viselkedése kombinalt
valtoterl- és termolemagnesezésre a lavaarbol szarmazé mintakon (a) és a lavaarba benyomuld
telérekbd! szarmaz6 mintakon (b és c). Deklinacio-inklinacio abrak. legység: 8 «10'1 A/m.
Tisztitasi lépések: NRM, 0,005, 0,01 Tesla,

100, 150, 200, 250, 300, 350, 400, 450, 500, 525, 550, 560, 570, 580, 590 °C.

A lavaarbol szarmaz6 minta jellemz& magnesezettségének iranya hasonl6 a 24. abran
bemutatott mintakéhoz, a teléreké viszont kdzel van a mai tér iranyahoz normal (c) illetve
forditott (b) polaritassal

Puc. 26. CeBepHast yeluys. LLlenoyHble 6a3anbThl, Touka Ne 27. oBeaeHMe eCTeCTBEHHOM
0CTaTOYHOW HamarHW4eHHOCTU NPU KOMOGUHMPOBAHHOM (MEPEMEHHbIM MOMEM U TePMUYECKOM)
pasmarHu4ymBaHuUM 06pasL,0B 13 N1aBOBOr0 MOTOKa (a) M NpopbiBalOLW KX ero gankax (b u c).
[vnarpammbl CKNOHeHMe-HakNnoHeHne. 1eamHnya = 8 « 10™ A/M. CTyMneHn YUCTKU:
eCcTecTBeHHas HamarHuyeHHocTtb, 0,005, 0,01 Tecna, 100, 150, 200, 250, 300, 350, 400, 450, 500,
525, 550, 560, 570, 580, 590 "C.

MOXHO 3aMeTWTb, YTO Hanpas/eHWe XapakTepHON 0CTaTOYHON HamarHWYeHHOCTW NaBoOBOro
NOTOKa CXOAHO C TaKOBbIM Ha puUcC. 24, HO HanpaBfieHUs XapaKTepPHOW OCTaTOYHOM
HamarHM4YeHHOCTW faek 6/IM3KM K COBPEMEHHOMY MO0 KakK NpW HOPMasbHOW (C), Tak v npu
o6paTHoOl (b) nonsipHoCTH
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Fig. 27. Northern Nappe. Directions of the characteristic remanences for samples from a lava
flow (triangle) and dykes intruding the lava flow (dyke 1circle, dyke 2 square, dyke 3 diamond).
Stereographic projection. Solid symbols: positive inclination, hollow symbols: negative
inclination. Asterisk represents the present local magnetic field direction

27. abra. Eszaki Pikkely. A jellemzé mégnesezettség iranyai egy lavaarbol (haromszogek) és
a lavaarba benyomul6 telérekbdl (1. telér: kordk, 2. telér: négyzetek, 3. telér: rombuszok).
Szogtarto vetllet. Teli jelek: pozitiv inklinacio, ures jelek: negativ inklinacio. A csillag a jelenlegi
foldmagneses tér iranyat jelzi

Puc. 27. CeBepHast Yellys. HanpaBneHus xapakTepHOlA 0CTaTO4HOW HamarHM4eHHOCTU
06pa3LoB 13 1aBOBOr0 NoToKa (TPeyronbHMK) 1M 13 NpopbIBaloLWMX ero gaek (garika Ne 1 —
KPY>XOK, Aaaiika Ne 2 — kBagpar; gaivika No 3 — pom6). CTepeorpaduyeckas npoekuus. 3anutble
3HAKU: MONOXMUTE/IbHblE HAK/OHEHWS, NOJble 3HAKM: OTPULATE/IbHbIE HAKNOHEHWS. 3BE304KOI
OTMEYEHO Hanpae/eHWe COBPEMEHHOIO MarHUTHOrO Mons B palioHe
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Tertiary andesite laccolith at Komlo (site 23)

As a result of combined AF and thermal demagnetization, well defined
characteristic magnetization was found (Fig. 28). The mean direction for the
recently studied site is very close to what was found by Marton and M arton,
earlier [1969] but both are different from the direction determined by Dagley
and Ade-Hal1 [1970]. Since the samples from the Komlo laccolith are remark-
ably stable (the only carrier seems to be haematite), all three independent
determinations are used for calculating a mean direction for the laccolith:

D=5%° /=65° k=32 a%=22.20

8. Classification of the palaeomagnetic results of the present study

In this section the reliability of the palaeomagnetic directions determined
for the igneous rocks from the Velence Hills and the Mecsek Mountains will
be estimated using the rejection and classification criteria of Fig. 2. The result
is summarized in Table 1X where the groups of palaeomagnetic directions are
represented by the following codes:

MRC: Moragy Ridge, Carboniferous granitoids
VHC: Velence Hills, Carboniferous granitoids
MRK: Moéragy Ridge, Cretaceous alkali rocks
EMK: Eastern Mecsek, Cretaceous alkali rocks
WMK: Western Mecsek, Cretaceous alkali rocks
NMK: Northern Nappe, Cretaceous alkali rocks
VHG60: Velence Hills, monchiquite, 60 Ma
VH30: Velence Hills, andesites, 30 Ma

EM21: Eastern Mecsek, andesite, 21 Ma

As seen from Table IX;, WMK, NMK, VH60 are rejected: the first two
because of the high within and between site scatter, while VH60 is only a single
site. All the rest pass not only the rejection criteria but classification criteria
group | as well (for details, see Section 6 and 7).

VHC is a “C” direction because the characteristic magnetization may be
constructed geometrically from the present field direction and the direction of
the Earth’s magnetic field during the andesite volcanism (the author is sus-
picious about the result in spite of the demagnetization behaviour of the
samples, suggesting single-component ChRM).

EMK exhibits large between-site scatter both before and after tilt correc-
tion (k< 10), EM21 is based on less than 6 sites, i.e. neither of them satisfies
criteria 1. 2, thus both are classified as “C” directions.

MRC, MRK and VH30 are good from the viewpoint of statistics (Sections
6.and 7) as well as of geology (age well established, tilt correction not necessary,
for small-scale tectonic movements are not evidenced). In addition to the
tabulated requirements, the reliability is enhanced by observations such as the
significant departure of the directions from the present field direction, the
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Fig. 28. Andesite laccolith. Komld, site 23.
Behaviour of the NRM on combined AF and
thermal demagnetization. Declination-inclination
plot. 1unit = 8 ¢10“1A/m. Cleaning steps: NRM,
0.01, 0.02, 0.04, 0.06, 0.08, 0.1 Tesla, 500, 550, 575,
585, 600, 630, 675 °C

28. abra. Andezit lakkolit, Koml6, 23. mintavételi
hely. Az NRM viselkedése kombinalt valtoteri- és
termolemagnesezésre. Deklinacidé-inklinacié abra.
legység: 8 10“1 A/m. Tisztitasi Iépések: NRM,
0,01, 0,02, 0,04, 0,06, 0,08, 0,1 Tesla, 500, 550, 575,
585, 600, 630, 675 °C

Puc. 28. AHfe3nTOoBbIN nakkonuT, Komno, Touka
No 23. MoBeAeHMe eCTECTBEHHON OCTaTOYHOWA
HaMarHM4YeHHOCTW NpY KOMBUHUPOBAHHOM
(nepemeHHbIM NoMemM + TepMUYEcKoe)
pasmarHuunBaHuu. Auarpamma
CKNOHEHMe-HakMoHeHMe. 1eauHnua = 8« 10“1A/'M.
CTyneHW YUCTKMN: eCTECTBEHHaA

HamarHu4yeHHocTb, 0,01, 0,02, 0,04 0,06, 0,08,

0,1 Tecna, 500, 550, 575, 585, 600, 630, 675 °C

presence of both polarities (about 180° apart), and the different petrology and
texture of the rocks giving the same ChRM.

The degree of the magnetic susceptibility anisotropy /ovax/crmin was esti-
mated for the igneous rocks from the Velence Hills and the granitoids from the
Moragy Ridge on the basis of susceptibility measurements in three mutually
perpendicular directions. Standard anisotropy measurements were made on
most samples from MRK, EMK, WMK, NMK, EM21 using a KLY-1 suscep-
tibility bridge and a DIGICO susceptibility meter (this latter at the University
of Newcastle upon Tyne). The results show that on average the degree of
anisotropy is below 5 per cent (practically no deviation expected) except for site
20, Fig. 13 (7 per cent). The maximum degree measured for a sample is 27 per
cent (site 10, Fig. 13). This sample was heated to 700 °C and cooled to room
temperature in a controlled field. The observed deflection from the direction of
the applied field was 6°, 4° and 0° on repeated heatings in three perpendicular
directions, i.e. it did not exceed the expected deviation [McEthinny 1973]. The
assumed minor influence of the anisotropy on the remanence directions becomes
even more insignificant at site level because of the large scatter in the principal
susceptibility directions within a single site (e.g. sites 5, 8, 9, 19, 20, 24, 26 in
Fig. 13).
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REJECTION CRITERIA

Yes No
MRC WMK
VHC NMK
MRK VH60
EMK
VH30
EM21
*
CLASSIFICATION CRITERIA
GROUP 1.
Yes No (“D” directions)
MRC
VHC
MRK
EMK
VH30
EM21
GROUP Il
Yes No (“C” directions)
VHC (16 °S)
mg& EMK (35 °N)
VH30 EM21 (47 °N)
|
GROUP 1.
Yes No
(“A” directions) (“B” directions)
VH30 (27 °N) MRC (9 °S)
MRK (38 °N)

Table. IX. Classification of the palaeomagnetic directions observed on igneous rocks from the
Velence Hills and the Mecsek Mountains using the rejection and classification criteria of Fig. 2

IX. tablazat. A Velencei-hegység és a Mecsek hegység magmas kézetein meghatarozott
paleomagneses iranyok osztalyozasa a 2. abra kritériumainak megfelel6en

Ta6n. 1X. Knaccumkauus naneoMarHUTHbIX HanpasneHnii, NofyyeHHbIX N0 MarmMaTuyecKum
nopogam BeneHueiicknii 1 MeueKCKUX rop C UCMONb30BaHWEM KpUTEpUEB puc. 2
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It is concluded, therefore, that the anisotropy of the magnetic susceptibility
seems to play but an insignificant role for all groups of palaeomagnetic direc-
tions, including the ones to be further examined for the age of magnetization
(MRC, MRK, VH30). The magnetizations of MRC and MRK may be primary,
but proof is lacking. MRC and MRK are, therefore, “B” directions. The age
of the magnetization of VH30, on the other hand, may be restricted to a narrow
time interval, between the K/Ar isotope age of 30 Ma and the practical termina-
tion of the large-scale tectonic movement in the Pannonian Basin - probably
not later than 15 Ma ago. Therefore VH30 is classified as “A” direction.

9. Tectonic interpretation

9.1 Tectonic significance of the palaeomagnetic directionsfor the Velence Hills
and the Mecsek Mountains

The palaeomagnetic direction to be interpreted in terms of tectonics is
characterized by an inclination-declination pair. On the assumption that the
geomagnetic field has always been dominantly an axial geocentric dipole field,
the inclination may simply be related to the palaeolatitude, where the rock was
magnetized. In this model the declination is always and everywhere zero (the
secular variation is averaged out). Palaeodeclinations, therefore, reflect post-
magnetization rotations, while the inclination refers to the original latitude and
is not influenced by post-magnetization movements.

Palaeomagnetic directions for distant points may be compared with the
help of palaecomagnetic poles. The palaecomagnetic pole is calculated from the
local declination and inclination on the basis of the axial geocentric dipole
model of the Earth's magnetic field. Different palaecomagnetic pole positions for
the same age indicate relative movements between the respective points. Agree-
ment means either no displacement or coinciding magnetic and rotation poles.

From the viewpoint of tectonic interpretation the model in which the
results are interpreted is as important as the quality of a palaeomagnetic result.
The axial geocentric dipole model is the only one so far utilized in practice.
Recently it was shown by P. Marton [Marton 1986] that although it is indeed
the best approximation to the structure of the geomagnetic field from the
Jurassic onwards, an excentric dipole field fits better the observations in the
Triassic and the Permian. Older magnetic fields were not studied because of the
insufficient number of suitable palaesomagnetic results. By applying the geo-
centric dipole model instead of a more sophisticated one, we certainly introduce
an error in the interpretation of the Permian and Triassic results and perhaps
in the Carboniferous, as well. Nevertheless, for the purpose of the present
tectonic evaluation the simple axial geocentric dipole model is sufficiently
precise: partly because there is no information about the exact structure of the
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Carboniferous magnetic field, partly because the Palaeozoic palaeomagnetic
results in general are moderately reliable.

Palaeolatitudes

Both the Velence and Mecsek granitoids must have acquired the mag-
netization at low southern latitudes (Table IX, VHC and MRC). Since the
Carboniferous, a significant northward shift can be observed: the Mecsek
Mountains moved to 35-38 °N by the Cretaceous, the Velence Hills to 27 °N
by 30 Ma. The Mecsek Mountains seem to have reached the present latitude
by 21 Ma. The change in latitude need not necessarily have been monotonous:
for instance the shift of the Transdanubian Central Range was sometimes even
southward directed [Marton and Marton 1985]. The palaeolatitudes in Table
IX are useful as a means of placing both the Velence Hills and the Mecsek
Mountains at approximately correct latitudes, but neither their precision nor
our knowledge of the Carboniferous magnetic field allows us to decide whether
or not the two areas moved independently.

Rotations

Even though the general trend of the latitudinal movement is the same for
both areas, the rotations must have been significantly different since the respect-
ive palaeomagnetic declinations for the Velence Hills and the Mecsek Moun-
tains are different and, consequently, the poles occupy different parts on the
globe (Fig. 29). This observation gives further support to those tectonic models
that permit the relative movement — including very young relative movements
- between the Transdanubian Central Range (represented by the Velence Hills
in the present study) and Southeast Transdanubia (represented by the Mecsek
Mountains).

The palaeodeclination determined for the time of the andesite volcanism
in the Velence Hills is counter-clockwise rotated by 30°. It means that the
Transdanubian Central Range underwent a significant rotation after the mag-
netization of the andesites. An even larger young rotation, but in the opposite
sense, is indicated by the Cretaceous and younger igneous rocks from the
Mecsek Mountains.

The rotations shown by the older rocks cannot be interpreted without
keeping in mind the influence of subsequent rotations, i.e. each declination
should be interpreted in the light of the later movements. On the other hand,
young rotations are better established when shown by rocks of different ages.

Due to the favourable distribution in time and space of the palaecomagnetic
results from the Transdanubian Central Range, the new determinations are not
isolated but may be interpreted in context with the Mesozoic directions. The
Mesozoic poles for the Transdanubian Central Range form a loop similar to
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the so called African loop (Fig. 30). The two loops may be brought into
coincidence by rotating the Mesozoic poles for the Transdanubian Central
Range clockwise around a local rotation pole by about 35° [Marton and
Marton 1983]. The same rotation is sufficient to restore the Carboniferous and

Fig. 29. Palaeomagnetie poles for the igneous rocks from the Velence Hills and the Mecsek
Mountains. 1 — Mecsek Mountains, Early Carboniferous (“B” direction); 2 — Velence Hills,
Late Carboniferous (“C” direction); 3 — Velence Hills, 30 Ma (“A” direction); 4 — Mdragy
Ridge, Cretaceous (“B” direction); 5 — Eastern Mecsek, Cretaceous, uncorrected for tilts (“C”
direction); 6 — Eastern Mecsek, Cretaceous, corrected for tilts (“C” direction); 7 — Eastern
Mecsek, andesite, uncorrected for tilt (“C” direction); 8 — Eastern Mecsek, andesite, corrected

for tilt (“C” direction)

29. abra. A Velencei-hegység és a Mecsek hegység magmas kézeteire meghatarozott
paleomagneses polusok. 1— Mecsek hegység, alsé karbon (“B” irany); 2 — Velencei-hegység,
fels6 karbon (“C” irany); 3 — Velencei-hegység, 30 millié év (“A” irany); 4 — Méragyi Rog,
kréta (“B” irany); 5 — Keleti Mecsek, kréta, tektonikai korrekcié el6tt (“C” irdny); 6 — Keleti
Mecsek, kréta, tektonikai korrekcié utan (“C” irany); 7 — Keleti Mecsek, andezit, tektonikali

korrekcié nélkil (“C” irany); 8  Keleti Mecsek, andezit, tektonikai korrekci6é utan (“C” irany)

Puc. 29. ManeomarH1THbIE NOMKOCA MarMaTuyeckux nopoj BeneHuenckux n Meyekckux rop.
1— MeueKcKkue ropbl, paHHUiA KapboH (HanpasneHne kKateropun ,,B”); 2 — BeneHuelickne ropbl,
no3gHWin KapboH (HanpaBneHue kKateropumn “C”); 3 — BeneHueickue ropbl, 30 MAH. neT
(HanpaBneHne Kateropun “A"); 4 — MopagbCcKuii 6nok, men (HanpaBneHue kateropum “B”); 5
— BOCTOYHasA 4acTb MeueKcKux rop, Men, 6e3 NONpaBKM 3a HAK/IOHHOE 3aneraHve
(HanpaBneHune kateropum “C™); 6 — BOCTOYHas 4acTb MeuyeKCKuX rop, mMen, ¢ NonNpaBKoW 3a
HaK/OHHOW 3aneraHne (HanpaeneHue kateropum “C”); 7 — BOCTOYHAs 4acTb IMeUeKCKux rop,
aHfe3nTbl, 63 NonpaBKKU 3a HaK/MOHHOe 3aneraHune (HanpasneHve kateropuun “C”); 8 —
BOCTOYHasA 4YaCTb MeueKCKuxX rop, aHAe3uTbl, C MONPaBKOM 3a HaK/IOHHOe 3aneraHue
(HanpaBneHue “C™)
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Fig. 30. Comparison between the palaecomagnetic poles for the Transdanubian Central Range
and those for Africa and stable Europe. The apparent polar wander curves for Africa and stable
Europe are derived from the smoothed North American apparent polar wander curve [Irving
1977] using the rotation poles for the opening of the Atlantic [Sclater et al. 1977]. Direct
determinations for Africa [Brook 1981] are transferred to the coordinate system of the
Transdanubian Central Range applying a single counter-clockwise rotation of 35° around
a local rotation pole
CA —Carboniferous palaeomagnetic pole for Africa, CAa - the same rotated; EoOA  Eocene
palaeomagnetic pole for Africa, EoAd  the same rotated; Cv — Velence Hills, Carboniferous
palaesomagnetic pole; 30 Mav —Velence Hills, 30 Ma palaeomagnetic pole. Mesozoic
palaeomagnetic poles for the Transdanubian Central Range: We-Ca — Werfenian-Carnian.
No-Pl — Norian-Pliensbachian; To-Bt - Toarcian-Bathonian; Ti Tithonian;

Be-H — Berriasian-Hauterivian; Ap — Aptian; Al — Albian; Se — Senonian

30. abra. A Dunantuali-k6zéphegység, Afrika és stabil Eurépa paleomagneses polusainak
Osszehasonlitasa. Afrika és stabil Eurdpa latszolagos pdlusvandorlasi gorbéjét a simitott
észak-amerikai latszolagos pélusvandorlasi gérbébdl [Irving 1977] az Atlanti-6cean felnyilasara
meghatarozott rotaciok segitségével [Sclater et al. 1977] szarmaztattuk. Az Afrikara ismert
kozvetlen meghatarozasokat [Brook 1981] a Dunantuli-k6zéphegység koordinata-rendszerére
egy helyi tengely korili 35°-0s, 6ramutatd jarasaval ellentétes elfordulas feltételezésével
szdmitottuk &t
CA - afrikai karbon paleomagneses pélus; CAM  ugyanaz, elforgatva; EoOA— afrikai eocén
paleomagneses polus; EoAd  ugyanaz elforgatva; Cv — Velencei-hegység, karbon
paleomagneses polus; 30 Mav - Velencei-hegység, 30 millio éves paleomagneses polus.
A Dunantuli-kdzéphegység mezozoos paleoméagneses pélusai: We-Ca — werfeni-karni;
No-PlI — néri-pliensbachi; To-Bt — toarci-bath; Ti — titom; Be-H — berriazi-hauterivi;
Ap — apti; AL — albai; Se — szenon
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the 30 Ma old positions (from Africa we have an Eocene and a late Car-
boniferous pole for comparison). It follows that the Transdanubian Central
Range must have been part of the African plate at the time of the andesite
volcanism, and the 30-35° counter-clockwise rotation with respect to Africa
(and to stable Europe as well) postdates the andesite volcanism in the Velence
Hills. The relative positions of the Carboniferous poles suggest that the Velence
Hills have been part of the Palaeozoic sequence underlying the Mesozoic of the
Transdanubian Central Range since the Carboniferous.

Prior to the recognition of the young clockwise rotation, the palaeomagnet-
ic poles from Southeast Transdanubia were interpreted as poles akin to the
stable European ones [Kotasek et al. 1969, Marton and Marton 1978].
Unpublished results by the author for the Triassic and the Tithonian-Berriasian
from the Western and Eastern Mecsek respectively, fit the trend suggested by
the published results. As is clear from Fig. 31 the pattern suddenly changes with
the alkali volcanites. The clockwise rotation is large as indicated by rocks from
the Moragy Ridge and the Eastern Mecsek. It seems very likely, however, that
the whole of Southeast Transdanubia was subjected to similar rotations other-
wise the similar trend of the palaeomagnetic poles from the Carboniferous
through the Tithonian-Berriasian is not easy to explain since these poles were
determined for different parts of Southeast Transdanubia (Carboniferous: Mo6-
rdgy Ridge; Permian and Triassic: Western Mecsek; Tithonian-Berriasian:
Eastern Mecsek; Mesozoic in general: Villany Hills).

The correct position of SE Transdanubia prior to the clockwise rotation
IS not easy to reconstruct. In any reconstruction, however, the younger than
Tithonian-Berriasian declination should be rotated back to zero. In this way
the Berriasian and older declinations will become counter-clockwise rotated.
The similarity of the observed Berriasian and older poles for SE Transdanubia
to the stable European poles, therefore, must not be interpreted as proof of the
stable European origin. If SE Transdanubia was once part of the northern
margin of the Tethys, as is assumed for reasons of facies and fauna, it must have
decoupled from stable Europe at the time of the alkali volcanism (rifting).

Puc. 30. ConocTaBneHue naneoMarHUTHbIX NOMOCOB 3aflyHalickoro CpeAHeropbs ¢ TaKoBbIMU
AdpvKn 1 cTabunbHoi EBponbl. KpuBble Kaxyuerocs 6/1y)KaaHus noatocoB ans Appuku
1 cTabunbHOl EBponbl NONYYeHbl U3 CTNAXEHHOW KPUBOW Kaxyllerocs 6y aeHns nontcoB
ons CeBepHoii AMepuku [Irving 1977] ¢ ncnonb3oBaHWeM MO/OCOB MOBOPOTA ANS PACKPbITUS
ATNaHTUKKN [Sclater eT an. 1977]. MpsamMble onpegenednsa ans Adpukn [Brook 1981]
nepeBefieHbl B KOOPAMHATHYO cucTemy 3afyHaiickoro CpefHeropbsi ¢ UCMoAb30BaHNEM
NpoCTOro noBopoTa NPOTKB YacOBOM CTpenku Ha 35° BOKPYr MeCTHOro Montoca.

C, — naneomarHuTHbIA nontoc Ansa Kap6oHa Adpuku; CJig — To XXe, NOBepHYTHIA; Eoq—
najneoMarHUTHbIA nontoc Ans 3oueHa Adpuku; Eofid— To Xe. NoBepHyTbIli; Cv —
BeneHugelickue ropbl, naneoMarHWTHbIA nontoc Ana kap6oHa; 30 Mav— BeneHuglickue ropsl,
naneoMarHuTHbli nontoc ans 30 MH. neT. Me3030ickMe NaneomMarHUTHbIE MOMOCA AN
3agyHarickoro CpegHeropbs: We-Ca — BepeHCKoO—KapHuiickoe Bpemsi; No-Pl —
HOpUcKo-NAnHcbaxckoe Bpems; To-Bt —Toapcko-6aTckoe Bpemsi; Ti - TUTOHCKOW Bek;

Be-H — 6eppuraccko-rotepuBckoe Bpems; Ap - anTckuii Bek; AL - anbbCKMil Bek; Se
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Alternatively, SE Transdanubia could have moved in coordination with Africa
(counter-clockwise rotated declinations are characteristic of the African plate)
with the decoupling being marked by the post-Cretaceous clockwise rotation.

9.2 Connection to other parts of the Mediterranean region

In the last decade many studies have been undertaken in the Mediter-
ranean. Palaeomagnetism has contributed considerably to a better understand-
ing of the geodynamic history, especially in those countries where efforts were
concentrated on certain areas, like in Italy, Hungary, Austria and over the last
few years Yugoslavia and Greece.

Earlier, palacomagnetic directions were considered useful for testing exist-
ing regional tectonic models. The discovery of important relative rotations with
the palaeomagnetic method, e.g. the Tertiary counter-clockwise rotation of Italy
south of the Po basin by VandenBerg and Wonders [1976], that of the
Transdanubian Central Range by Marton and Marton [1981], have proved,
however, that palaecomagnetism is a powerful method for detecting past move-
ments. We have arrived at a stage when the number, the quality, and the
distribution of the palaeomagnetic observations — both in space and time —
permit a synthesis of the palaeomagnetic results [Marton 1984, 1985].

Based on the declination, the Velence Hills, as part of the Transdanubian
Central Range, belong to a large unit characterized by counter-clockwise rota-
tions relative to the present orientation (Fig. 32). The declinations within this
region are not uniform: the angle of the rotation differs depending on age and,
to a lesser extent, on the location. The available observations suggest that this
unit was part of the African plate until some time in the Tertiary. Its decoupling
from Africa is evidenced by an additional counter-clockwise rotation which
definitely post-dates the Eocene in Umbria [VandenBerg et al. 1978], the early
Oligocene in Piedmont [VandenBerg 1979], and the 30 Ma in the Transdanubian
Central Range (present paper). This extra rotation was shown to be about
20 Ma old in Sardinia [Edel 1979], and to be younger than Eocene in the eastern
part of the outer West Carpathians [Krs et al. 1982].

Southeast Transdanubia may have shared the Tertiary movements of
certain parts of Greece: Epiros: post-Eccene clockwise rotation [Horner and
Freeman 1983, Kissel et al. 1985], Chalkidiki [Kondopoulou 1985], the Soviet
Outer East Carpathians: post-Cretaceous clockwise rotation [Bazhenov and
Burtman 1980], East-Serbia: post Cretaceous clockwise rotation [Stefanovic
and Veljovic 1972]. Unfortunately, little is known about the older directions
from the same parts, except Epiros, where the pattern of rotations is similar to
that of the Mecsek Mountains (Fig. 33).

It would be an oversimplification to conclude that the indications of similar
rotations in the southeastern segment of the Central Mediterranean necessarily
mean a rigid connection between the different parts. On the other hand, these
observations of similar rotations should encourage further studies to help us to
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recognize those areas that indeed belonged together for shorter or longer
periods during the development of the Tethys.

Fig. 31. Palaeomagnetic poles for Southeast Transdanubia compared with average poles for
stable Europe. The age of the poles for stable Europe [Morel and lrving 1981]:

1— 260-279 Ma; 2 240-259 Ma; 3 — 220-239 Ma; 4 - 200-219 Ma; 5 — 180-199 Ma;
6 160-179 Ma; 7 — 125 Ma; 8 80 Ma; 9 50 Ma; 10 20 Ma; C — Carboniferous
pole for the Méragy Ridge; P Permian pole for the Western Mecsek; Tr - Triassic pole for
the Western Mecsek; Ju Late Jurassic-Berriasian pole for the Eastern Mecsek; M average
Mesozoic pole (mainly Jurassic) for the Villany Hills; a-e ~ Cretaceous - 21 Ma old poles for
the Moragy Ridge and the Eastern Mecsek

3L abra. Délkelet-Dunantul paleomagneses polusainak 6sszehasonlitasa stabil eurdpai
atlagpdlusokkal a kovetkez6 id6szakokra: 1 — 260-279; 2 — 240-259; 3 — 220-239; 4
200-219; 5 — 180-199; 6 160-179; 7 - 125; 8 — 80; 9 — 50; 10 — 20 millié éves pdlusok
[Morel és Irving 1981]; C — Moragyi Rog, karbon polus; P Nyugati-Mecsek, permi polus;
Tr - Nyugati-Mecsek. triasz polus; Ju -- Keleti-Mecsek, fels6 jura-berriazi pélus;
M Villanyi-hegység, mezozoos, f6leg jura pdélus; a-e — kréta - 21 milio éves pdlusok
a Moragyi Rogre és a Keleti-Mecsekre

Puc. 31. ManeomarHnTHble nontoca KOroBocTouHOW 3afyHaliLliMHbI B COMOCTaBNEHUN CO
cpegHMMK nonrcamu ctabunbHoi EBponbl. Bo3pacTa nontocoB ctabunbHoin EBponsl
[Morel-1rving 1981]: 1-- 260-279 MAH. neT; 2 — 240-259 MAH. neT; 3 — 220-239 MAH. NeT;
4 — 200-219 mnH. net; 5 — 180-199 mnH. net; 6 — 160-179 MnH. neT; 7 — 125 MAH. neT; 8 —
80 MnH. net; 9 — 50 maH. net; 10 20 mAaH. net; C nontoc ana kapb6oHa Mopagbckoro
6noka; P —nepmckuidi nontoc ans 3anagHoli yactu Meuekckux rop; Tr - TpUacoBblii NONKOC
Ana 3anagHoli yactm MeyeKckux rop; Ju — no3fHEepcKo-6eppmaccknii Noc Ans BOCTOUHOWA
yacT Meuekckux rop; M — cpegHuii nonoc Ans Me30305 (B OCHOBHOM, ANS HOpPbI)
BunnaHbCKMX rop; a-e — nostoca BO3pacToM OT Mena Ao 21 MAH. neT 415 BOCTOYHOW 4yacTu
Meuekckux rop n Mopagbckoro 6noka
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Fig. 33. Comparison between the poles in the “C” unit of Fig. 32.. from areas where clockwise
rotation was observed. C, P, Tr, Ju, M. a-e: for key, see Fig. 31. Palaeomagnetic poles for
Greece: 1  Epiros, Eocene; 2 — Epiros, Cretaceous; 3 — Epiros, Jurassic [Horner 1983,

Horner and Freeman 1983]; 4 Epiros, Eocene [Kissel et al. 1985]; 5 — Chalkidiki,
Eocene-Oligocene [Kondopoulou 1985]; 6 — for the East Carpathians, Late Cretaceous
[Bazhenov and Burtman 1980]; 7 — for Eastern Serbia, Late Cretaceous [Stefanovic and
Veljovic 1972]

33. dbra. A 32. dbran lathat6 ,,C” egység azon teriileteir6l szarmazd paleomagneses polusok
Osszehasonlitasa, ahol 6ramutato jarasaval egyez6 irany( deklinacio rotaciot is megfigyeltek.
Jel6lések: C, P, Tr, Ju, M, a-e: mint a 31. abran. Goérdgorszagra meghatarozott paleomagneses
pélusok: 1 - Epiros, eocén; 2 — Epiros, kréta; 3 — Epiros, jura [Horner 1983, Horner és
Freeman 1983]; 4 - Epiros, eocén [Kissel et al. 1985]; 5 — Chalkidiki, eocén-oligocén
[Kondopoulou 1985]; 6 — Keleti-Karpatok, fels6 kréta [Bazsenov és Burtman 1980]; 7

Kelet-Szerbia, fels6 kréta [Stefanovic és Veljovic 1972]

Puc. 33. ConocTaBneHne NONKOCOB U3 eAnHULbI «C» Ha puc. 32 13 paiioHOB, rae Habnwgancs
noBOpOT 0 yacoBoi ctpenke. C, P, Tr, Ju, M, a-e: cM. Ha puc. 31. [ManeomarHmMTHble Montca
n3 Mpeunn: 1— dneipoc, 3oueH; 2 — 3neiipoc, men; 3 — 3nelipoc, topa [Horner 1983;
Horner, Freeman 1983], 4 — 3neiipoc, aoueH [Kissel et al. 1985], 5 — Xankuguku,
30LeH-0MroleH [Kondopoulou 1985], 6 — CoeTckme KapnaTbl, BepXHUil1 Men [Bazhenov,

Burtman 1980], 7 — BocTtouHas Cepbusi, BepxHUil Men [Stefanovic, Veljovic 1972]
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A VELENCEI-HEGYSEG ES A MECSEK HEGYSEG MAGMAS KOZETEINEK
PALEOMAGNESESSEGE

MARTONNE SZALAY Emé

Felszini granitoid el6fordulasok a Velencei-hegységh6l és a Mecsek hegységhdl ismertek.
A Velencei-hegység intruziv granitjanak izotép kora minimum 280 milli6 év (K/Ar modszer).
A Mecsek hegységben a granitosodas folyamatat U/Pb, teljes k6zeten meghatarozott Rb/Sr és K/Ar
izotop korok 365 és 334 millio év kdzé korlatozzak.

Mindkét granitteriileten el6fordulnak fiatalabb magmas kézetek is. Ezek koziil a felszinen
tobb feltarasban hozzaférhet6é a kb. 30 millio éves andezit a Velencei-hegységben (K/Ar kor), a kb.
20 millié éves andezit (K/Ar kor) és a f6tomegben valdsziniileg kréta alkali magmatitok a Mecsek
hegységben.

A granitoidokon évekkel ezel6tt megkezdett kisérleti jellegli mérések mar felfedték, hogy
magnesezettségik 0sszetett. Modszertani szempontb6l er6probat jelentett az 6sszetett magnesezett-
ség komponensekre bontasa, majd a kiilonb6z6 magneses komponensek koranak becslése. Ez
utébbi csak a granitoidoknal fiatalabb magmas kézetek rendszeres vizsgalata utan térténhetett meg,
amelyet az a felismerés tett sziikségessé, hogy az idésebb kézetek fiatal magmas folyamatokban
részlegesen vagy teljesen atmagnesez6dhetnek.

A tobbkomponens( természetes remanens magnesezettség laboratériumi elemzése, majd a
komponensek pontossaganak és bizonyos id6hdz rogzithet6ségének vizsgalata nyoman olyan krité-
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riumrendszer kristalyosodott ki, amely alkalmas altalaban a paleomagneses meghatarozasok meg-
bizhatésaganak becslésére. Bizonyos minimalis kovetelményeknek eleget tevd paleomagneses ira-
nyokat tovabbi négy kategériaba sorolhatunk mindségik szerint.

”A” iranyt meglep6en ritkan lehet talalni, mert ebben az esetben bizonyitani kell, hogy a jé
mindségl irany ismert kori magneses teret képvisel, azaz egy id6s k&zetben a magnesezettség
felvételének korat szlikebb hatarok kdzé lehet szoritani, mint a k6zet sztratigrafiai vagy izotép kora
és a jelen.

”B” irany esetén az iranymeghatarozas pontossaga egyenérték(i egy "A” iranyaval, de a
magnesezettség kora nem bizonyitott.

A ”C” irany gyengébb mindségu, vagy statisztikai szempontbol vagy azért, mert a kézet kora
és/vagy telepiilése nem elég pontosan ismert.

"A”-"C” iranyok csak olyanok lehetnek, ahol a természetes remanens magnesezettség
(NRM) egykomponensii volta bizonyitott, illetve dsszetett remanencia esetén a komponenseket
szétvalasztottuk. Olyankor, amikor a stabilitds bizonyitott valamilyen laboratériumi mddszerrel,
de nem biztos, hogy egykomponensii a magnesezettség (bar nem kizart), D" iranyrol beszélhetiink.
Ezt tektonikai értelmezésre csak nagy dvatossaggal lehet hasznalni.

A Velencei-hegységh6l és a Mecsek hegységbdl szarmazo mintak magnesezettségét részletesen
és a természetes remanens magnesezettség eltlinéséig elemeztiik a laboratériumban (valtéteri
tisztitassal vagy hékezeléssel, illetve a kett6 kombinaciojaval). A laboratériumi vizsgalat eredmé-
nyét a 2. abran lathato kritériumrendszer szerint mindsitettiik. Az eredmények az alabbiak szerint
foglalhaték ossze.

A Velencei-hegységben a harmadkori andezit erteljesen atmagnesezte a granitot. Az andezit-
vulkanizmus idejére jellemz6 paleomagneses irany "A” kategoériaju (E>=151° /=-45° k=22
a°5=8,4°, ez az irany 8 andezit feltarasra, 7 teljesen atmagnesezett granitra és 1diabaz feltarasra

meghatarozott kdzépiranyok kdzépiranya). Tektonikai szempontbdl azt jelenti, hogy a Dunantali-
kozéphegység Afrikahoz és természetesen egyuttal stabil Eurépahoz viszonyitott, az 6ramutatéd
jarasaval ellentétes 30-35°-0s elfordulasa fiatalabb 30 millio évnél.

A teljesen atmagnesezett granitok mellett 6t mintavételi helyrdl sikeriilt olyan remanenciat
elkildniteni, amelyek irdnya mind a jelenlegi tér iranyatdl, mind az andezitvulkanizmus idejére
meghatarozott paleomagneses iranytol killonbézik (D = 144° /= + 30° k = 49 a°5= 11,1°, ”C” irany).
Kora lehet karbon, mert inklinacioja kis déli szélességen tortént magnesezddésre utal; deklinacidja
jol illeszkedik ahhoz a rotaciés képhez, amelyet a mezozoos és fiatalabb kézetek hataroznak meg
a Dunantali-kdzéphegységre.

Az andezitvulkanizmus idején teljesen és alig atmagnesezett granitok térbeli eloszlasa az
andezitkitorés kdzpontjahoz képest, amelyet a hegység keleti részén feltételeznek, szabalytalan. Az
atmagnesez6dés valoszinlleg utdmagmas oldatok kémiai hatdsanak a kovetkezménye és eréssége
fligg a granit porozitasatol.

A Mecsekben a legfiatalabb magmas tevékenység, az andezitvulkanizmus kb. 20 millié éves
(K/Ar kor). Paleomagnesesen ezt a kort a komloi andezit lakkolit harom kiilonbdz6 helyérdl vett
mintak képviselik (E>=59° /= 65° k =36 a°5= 22,2°, a statisztika alapjat a mintavételi helyek szama
képezi! Az irany "C” katego6riaju). Iranyuk a Mecsek hegységnek az andezit magnesez6dése utani,
Oramutat6 jarasaval egyezd irany( elfordulasat jelzi. Maga az dramutaté jarasaval egyiranyu
elfordulas azonban nemcsak a komldi andezit paleomagneses iranyan jelentkezik, hanem a korabbi
alkali vulkanizmus termékein is.

A Moéragyi Rog alkali vulkanitjain és két teljesen atmagnesez6dott granit aplit teléren siker(lt
”B” iranyt meghatarozni (E>=94° /=57° k =28 a°5=9,3°). A keleti Mecsek alkali vulkanizmusat
csak "C” irany jellemzi, vagy a tektonikai korrekciok vagy a korok pontos ismerete hianyaban
(E>=79° /=54° k—1 a°5=33,6° tektonikai korrekcid utan, 6 mintavételi hely kodzépiranyanak
kozépiranya).

A Moéragyi Rog karbon granitoidjainak paleomagneses iranya: £>=189° /=18° k=36
b= 11,4° "B” irany (6 mintavételi hely kdzépiranya). A karbonra kapott és a permi, triasz és fels§
jura Uledékes k6zetekre ismert paleoiranyokhoz képest a fiatalabbak az 6ramutat6 jarasaval egyez6
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iranyban jelent6sen elfordultak. Ez a kép arra utal, hogy a kréta folyaman a Mecsek hegység az
Oramutatd jarasaval ellentétesen fordult el, majd késébb, valésziniileg a fels6 harmadkorban
jelentds, az éramutato jarasaval egyiranyu rotaciot végzett.

Fenti eredmények meger6sitik, hogy a Pannon teriiletnek a Dunantilon a felszinen levé ENy-i
és DK-i egysége a foldtorténeti multban egymastdl fliggetlen mozgasokat végzett; azt jelzik, hogy
jeelnt6s mozgasokkal kell szamolnunk a fels6 harmadkorban is. Végil az Gjonnan meghatarozott
paleomagneses iranyok arra utalnak, hogy a DK-i egység bonyolult mozgasokat végzett és az eddig
ismert deklinécié rotaciok alapjan nem lehet eldonteni, hogy a DK-i egység a Tethys északi vagy
déli pereméhez tartozott-e.

MAJIEOMATHETU3M MATMATUYECKWX MOPO/J BEJEHLENCKNX
N MEYEKCKWX TOP

omé MAPTOH

BbIxoapbl rpaHNTOB Ha MOBEPXHOCTb M3BECTHbI B ropax BeneHue (40 km Kk KO3 oT BypaanewwTa)
n Meuek (150 km k KOKO3 ot bypganewTa). V30TONHbIA BO3pacT MHTPY3UBHbLIX FPaHWUTOB Fop
BeneHue coctaBnseT MUHUMYM 280 MAH. NIET MO AaHHbIM Kanuii-aproHOBbIX onpegeneHunii. Mpo-
Liecc rpaHMTM3aLmm B ropax Medek, No JaHHbIM YpaHOBO-CBUHLL0BbIX ONpeseNieHnin 1 no pybugune-
BO-CTPOHLMEBbIM W Kanuii-aproHOBbIM M30TOMHLIM BO3pacTam, NOMYYeHHbIM MO Nopoge, UMen
MECTO B MHTepBasie BpeMeHU 365-334 M/H. neT.

B o6oux pailoHax pa3BUTWsA rpaHWMTOB BCTpevaroTca W 6ofiee MONOAble MarmaTuyeckue
nopofbl. M3 HUX Ha MOBEPXHOCTN B psfe OOHaXEHW AOCTYMHblI aHAe3nTbl C BO3PacCTOM OKONO
30 MAH. neT (kanuii-aproHoBbIi BO3PacT) B ropax BeneHue, a Takxke aHAe3UTbl C BO3PACTOM OKOO
20 MAH. neT (Kanuii-aproHOBbIA BO3PACT) M LLLEN0YHbIE MarmMmaTuyecKne Nopoasl, B CBOEA OCHOBHOW
Macce MMetoLLve, BEpOATHO, MeNoBOM BO3pacT, B ropax Meuek.

OnNbITHbIMU M3MEPEHUAMU, HaYaTbIMN HECKONBKO NeT TOMY Hasaf, 6blf10 BbIIBIEHO, YTO Ha
MarHW4eHHOCTb FPaHUTONAOB ABNAETCA CNOXHOW, MHOTOKOMMNOHEHTHON. C MEeTOANYECKON TOUKM
3peHus NoTpeboBanoCh HEMano YCUAWRA, YTOObl PasnoXuUTb 3Ty CNOXHYK HaMarHUYeHHOCTb Ha
KOMMOHEHTBI, a 3aTeM OLeHUTb Bo3pacTa 060C06/1eHHbIX KOMMOHEHT. MocnefHee CTano BO3MOX-
HbIM NULWb BCMie] 3a CUCTEMATUYECKMM M3YUYEHUEM MarMaTuyeckux nopoj MOOXe rpaHUTOUAOoB,
4TO 6bINI0 BbI3BAHO TEM OTKPbITUEM, YTO 60Nee ApeBHUE MarmMaTUyeckue mopofbl MOrnu 6biTb
nepemMarHuM4eHbl YaCTUYHO UK MONHOCTLIO BO Bpems 60/1ee MONOAbIX MarMaTUyYeCKMX MpoLeccoB.

Bcnepn 3a nabopaTtopHbIM aHann30M MHOTOKOMMOHEHTHOM eCTeCTBEHHOW OCTATOUHOW Ha-
MarHW4YeHHOCTU, a 3aTeM WCCNeOBaHWEM TOYHOCTW OTAENbHbIX KOMMOHEHT U BO3MOXHOCTU WX
NPUBA3KM K ONpeseneHHbIM BPeMeHHbIM MHTepBaiam Co3aHa CUCTeMA KPUTEPMEB OLLEHKW Hafex-
HOCTU NaneomMarHWTHbIX onpefeneHunii Boobule. ManeomarHUTHbIE HaNpaBneHus, Y40BNETBOPAIO-
e HEeKOTOPbIM MWHUMaNnbHbIM TPe6OBaHUAM, MOXHO MO WX KauyecTBY OTHECTU K OAHOW W3
YeTbIpeX HWXKeCNeLyoWmNX KaTeropuii:

HanpaeneHusa kateropumn A’ BCTpeyaroTCA YANBUTENLHO PELKO, NOCKO/IbKY B 3TOM Clyyae
HeobX0AMMO A0Kas3aTb, YTO JAHHOE HamnpaBfieHWe BbICOKOr0 KauyecTBa XapakTepudyeT MarHUTHoe
none M3BeCTHOro BO3pacTa, TO-eCTb UMEETCA BO3MOXHOCTb YTOYHUTb BPEMS HamarHUM4MBaHUA
Kakon-HM6yab ApeBHeli NOpoabl B Npefenax UHTepBana, HauyaioM KOTOPOro fBAseTca cTpaTurpa-
(hMYECKWIA MK M30TOMHBIA BO3PACT NOPOAbI, & KOHLOM - HACTOALMA MOMEHT.

B cnyuyae HanpaBneHnin kateropmm ”B” TOYHOCTb ONpeAeneHns NaseoMarHMTHbIX Hanpasne-
HWiA TakoBa e, Kak W B Clyyae Kateropum "A”, HO BO3pacT HaMarHWYeHHOCTU He [OKasaH.

HanpasneHue kateropmun ”C” nmeeT 60/1ee HU3KOE Ka4yecTBO MO0 C TOUKM 3peHUA CTaTUCTU-
YECKMX napameTpoB, MO0 U3-3a TOro, YTO BO3PACT W/MMN YCNOBUA 3aNeraHns nopofbl U3BECTHbI
C Hef0CTaTOYHOW TOYHOCTLIO.

ManeomarHUTHblE HampaBNeHMs MOTYT ObliTb OTHeCeHbl K Kateropusm “A”-"C” B TOM
cnyyae, ecnm nmbo JokasaHa OAHOKOMMOHEHTHas NpUpoja eCTeCTBEHHOM OCTAaTOYHOM HamarHu-
YEHHOCTK, 60, B CyYae CNOXHON OCTATOYHOM HamMarHWYeHHOCTW, YAanoch pasfennTb KOMMo-
HeHTbl. B Tex cnyyvasx, Korga cTabuibHOCTb JOKasaHa Kakum-1m60 nabopaTopHbIM MeTOA0M, HO
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HET YBEPEHHOCTW B TOM, YTO HaMarHW4YeHHOCTb ABNAETCA O4HOKOMMOHEHTHOM (XOTS 3TOr0 HeMb3A
N UCKMIOYNTL), HanpaBneHns MOryT 6biTb OTHECEHbI TONLKO K KaTeropum “D”. B TEKTOHUYECKMNX
WNHTEPNPeTaLMAX OHU MOTYT UCMO0/b30BAaTbCA NMULWb C 60/bLION OCTOPOXHOCTbLIO.

HamarHuuyeHHocTb npo6 13 rop BeneHue n 3 rop Meuek Hamu 6blna nccnefoBaHa BecbMa
[eTanbHO, BNNOTb [0 UCYE3HOBEHWS eCTECTBEHHOM OCTATOUYHOW HamarHUYeHHOCTW (YMCTKOW nepe-
MEHHbIM TOKOM WM TepM006paboTKOM MM Xe nx KombuHaumen). PesynbTaTbl n1abopaTopHbIX
nccnefoBaHnii 6b11n OLeHeHbl Mo CUCTEME KpUTepUeB, NPUBOAUMOI Ha puc. 2. Pe3ynbTaTbl MOTYT
6bITb 0606LLEeHbI HKECeAYy WM 06pa3omM.

B ropax BeneHue rpaHuTbl 6bl1M MHTEHCUBHO MepeMarHWYeHbl TPETUYHbIMW aHAe3UTaMu.
ManeomarHMTHOe HanpasfieHne, XxapakTepHOE /15 BPeMeHW NPOSABIEHUS aHAE3UTOBOr0 BYNKaHN3-
ma (77= 15T, /= —45° k=22, a”,= 8,4°, 3TO HanpaB/eHne NpeACTaBAsAeT CO60 cpeaHee U3 cped-
HWX HanpaBneHWi No s OOHaXEeHWAM aHAe3nTOB, 7 06HaXEHUAM MOMHOCTbIO MepemMarHUYeHHbIX
rpaHnToB 1N 106HaXXEHUI0 AMaba30B), OTHOCUTCS K KaTeropun “A”. C TOUKO 3peHUsi TEKTOHMYe-
CKUX MHTepnpeTauuii 3To 03Ha4yaeT, YTO NOBOPOT 3agyHaickoro CpegHeropbsa Ha 30-35° npoTus
4acoBOI CTPeNKW N0 OTHOLIEHWIO K AGpPUKe U B TO X BPEMS, eCTECTBEHHO, U MO OTHOLUEHWIO
K EBpone npom3owwno MeHee, Y4em 3C MAH. €T Hasaf.

Hapagy ¢ NoNHOCTbI0 NepeMarHUYeHHbIMU FpaHNTaMm B AT TOUKax 0nNpo6oBaHus yaanochb
BbIAENNTb TaKyld OCTAaTOYHYK HaMarHW4eHHOCTb, HanpaB/eHWe KOTOPOW OT/MYaeTcs Kak oT
HanpasneHMs COBPEMEHHOr0 NOAS, TaK U OT NafieOMarHUTHOFO HanpaBneHuns, oNpeseeHHOro Ans
BPEMEHW aHAe3UTOBOro ByfnkaHuama (77= 144°, 7= +30°, A= 49, a° = 11,1°; HanpaBneHne KaTero-
pun ”C”). OHO MOXeT 6blTb KAMEHHOYTFO/IbHOrO BO3pPacTa, NOCKONbKY HaK/OHEHUE YKa3blBaeT Ha
HaMarHM4MBaHME Ha HU3KMX KXHbIX LIMPOTax; CKNOHEHWe COOTBETCTBYET POTALMOHHON KapTuHe,
onpefensemon ana 3agyHaiickoro CpefHeropbs no mMe3030/CKMMU 1 60nee MONOAbIMY NOPOAa-
MU,

MpocTpaHCTBEHHOE pacnpefiefieHne rpaHUTOB, NOAHOCTBIO WM ene nepemMarHUYeHHbIX BO
BpeMS aHJe3MTOBOr0 BY/IKaHM3Ma, M0 OTHOLLEHUIO K LIEHTPY U3BEPXEHWS aHAe3nTOB, npegnonarae-
MOMY B BOCTOYHOI 4acTu rop BeneHue, aBnseTcs HeperynapHoiM. [NepemarHuymBaHmne, BeposiTHO,
BbI3BAHO XMMWYECKMUM BO3JeliCTBMEM MOCTMarmMaTM4ecknx pacTBOPOB, M Eero MHTEHCUBHOCTb 3aBU-
CUT OT NOPUCTOCTW FPaHUTOB.

B ropax Meuek Hanbonee Monofas MarmaTmyeckas LeaTeNbHOCTb: aH4e3UTOBbIA BY/IKAHU3M
- MMena MecTo npumMepHO 20 MAH. neT Hasaf (Kanuii-aproHosblil BO3pacT). B maneomarHMTHOM
OTHOLLIEHWUW 3TOT BO3pacT NpeAcTaBieH Npo6amu, B3ATbIMU B TPeX pa3HbIX y4YacTKax aHAe3nToBO-
ro nakkonuta B Komno (77=159° 7=65°, K- ss. a°5=22,2°; 0CHOBa CTaTUCTUKU - KOMMNYECTBO
y4yacTkoB oT60opa npob; HanpasneHne Kateropum ”C”). TUM HanpaBneHWem 0TMeyaeTcs NoBopoT
rop Meuek MO 4acoBOW CTpefiKe Mocfie HamarHW4MBaHus aHgesnTos. Cam Mo cebe MOBOPOT MO
4acoBOI CTpefike, 04HAKO, NPOSABAETCA He TOMbKO B MafneoMarHMTHOM HanpaBfeHWW aH4e3nToB
Komno, Ho TakxXe U B NpofyKTax 60/ee paHHero LLeN0YHOro ByNKaHW3Ma.

Ha WwenoyHbIX BY/NIKAHUTAX M Ha CEMU NONHOCTbIO NepeMarHUYeHHbIX Aalikax rpaHuT-aniu-
ToB MopafbCKoli rnbibbl yAanoch ONpeaenvTb HanpaBfeHWe Kateropum “B” (77=94°, 1=51°,
A= 28, a° =9,3°). LLlenoyHoli ByNKaHW3M BOCTOYHOW YacTu rop Meuyek xapaKTepunsyeTcs Hanpasne-
HMWeM TONbKO KaTeropum “C” BCNeACTBME HETOUHOCTW 3HAHWA MO0 TEKTOHMYECKMX MOMpaBoK,
nmbo BospacTa (77=79° 7=54°, k=. a°=33,6° nocne TEKTOHUYECKMX MOMNPaBOK, CpeaHee W3
CpeAHnX HanpaBneHWn s MyHKTOB 0T6opa npob).

ManeomMarHWTHOE HanpaB/ieHWe FPaHUTOM0B KaMeHHOYrofbHOro Bospacta MopafbCKoi
rnblbbl - 77= 189°, 7= 18°, K =35, 1°,= 11,4°, kaTteropum ”B” (cpefHee 13 6 MYHKTOB 0T60Opa nNpob).
M0 OTHOLWIEHNIO K MOAYYEHHbIM 415 KapboHa W W3BECTHbIM ANA NepMu, Tpuaca 1 BepxHeli topbl
no 0CafioYHbIM NOpoJaM naneoHanpaBieHUi 60nee MONOAbIe HanpaBneHUs MOBEPHYTbI MO 4aco-
BOW CTpenke Ha 3Ha4MTeNbHbIA yron. 3Ta KapTUHa CBMAETENbCTBYET O TOM, YTO B Mefly ropbl
Meuek 6bliv NOBEPHYTbI NPOTWUB 4acOBOW CTPeNkK, 3aTemM MOKe, BEPOATHO, B MO3AHETPETUUHOE
BPEMS y4acTBOBa/M B 3HAYMTENbHOM MOBOPOTE MO YaCOBOW CTpPesKe.

MpuBogumble pe3ynbTaTbl MOATBEPXKAAIOT, YTO CeBepo3anajHas W KHOrOBOCTOYHAA YacTu
MMaHHOHCKOro pernoHa, BbIXOAALME Ha NOBEPXHOCTb B 3afyHallHe, B Fe0N0rMYecKOM MPOoLLIOM
y4acTBOBaNM B He 3aBUCUMbIX APYr OT Apyra [ABWKEHUAX; OHWM OTMe4yaloT, 4TOo Heo6XoauMo
CUNTATLCA CO 3HAYMTENbHLIMU ABUXKEHUAMU U B NO34HETPETUYHOE BpeMs. HakoHel, BHOBb onpe-
[eneHHble NaneoMarHWTHbIEe HanpasfeHWs YKas3blBalT Ha TO, YTO KOrOBOCTOYHAsA efuHMLA Yyya-
CTBOBanNa B CNIOXHbIX ABVWKEHUAX W YTO NO NO3HAHHbLIM 0 CUX MOP NOBOPOTaM CK/MIOHEHWIA Henb3s
peLmnTb, OTHOCKIACh N OTOBOCTOYHAA eAMHMLA K CEBEPHOW WM K HOXKHOW OKpanHe TeTuca.
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ANALYSIS OF THE ANTI-CLOCKWISE ROTATION
OF THE MECSEK MOUNTAINS (SOUTHWEST HUNGARY)
IN THE CRETACEOUS: INTERPRETATION OF PALAEOMAGNETIC
DATA IN THE LIGHT OF THE GEOLOGY

Zoltdn BALLA*

Geological material available in the literature is analysed to show that there is no basis for
supposing some Cretaceous volcanites in the Mecsek Mountains to be younger than the orogeny.
On the other hand, some subvolcanic bodies are really younger than the prevailing mass of surface
volcanites and it is reasonable to assume that the Mecsekian Cretaceous volcanism lasted till the
Senonian although post-Barremian Cretaceous complexes are absent due to erosion.

Palaeomagnetic data can be interpreted in terms of two rotations one of which occured in the
Cretaceous in the anti-clockwise sense, the other took place in the Miocene in the clockwise sense.
These rotations mutually compensate each other so that pre-Cretaceous formations manifest almost
no rotation relative to Europe. Based on geological data and kinematic considerations the first
rotation can be fixed in the Albian-Cenomanian time span. This timing and the degree of rotation
exclude location of the Mecsek on the African plate.

The first, anti-clockwise rotation led to the decoupling of the Mecsek from Europe and to the
opening of the Inner Carpathian basin between them. The Lower Cretaceous alkali basalt volcanism
both in the Mecsek and in the Moravo-Silesian Beskids can be related to rifting in the initial stages
of the opening. The second, clockwise rotation led to the closing of the same basin.

Keywords: albitization, alkali basalts, Cretaceous, metamorpbism, orogeny, palaeomagnetism,
phonolites, rotation, Tethys, volcanism

1. Introduction

The Cretaceous volcanites of the Mecsek Mountains (Fig. 1) differ in
composition. Besides the dominant alkali diabases [Panto 1961, Viczian 1966,
Bilik 1974, Szitagyi 1979, Bona et al. 1983] also called trachydolerites [Mau-
ritz 1913, Széky-Fux 1952] or alkali basalts [Bitik 1966], also more acid rocks,
viz. trachytes and alkali trachytes [Mauritz 1958, Bitik 1974] or keratophyres
and quartz keratophyres [Szitagyi 1979], as well as phonolites [Mauritz 1913,
1925, Széky-Fux 1952, Viczian 1970, 1971] and basic differentiates of essexite,
camptonite and teschenite type [Mauritz 1913, Viczian 1971] occur. Since the
first detailed description [Mauritz 1913], all petrographers [Mauritz 1925,
Széky-Fux 1952, Panto 1961, Viczian 1970] have regarded the whole rock
association to be uniform in the genetic sense.

Among the magmatites both surface volcanites and subvolcanic rocks (in
sills, dykes, etc.) occur. Surface volcanites comprise two complexes: a pure

* EOtvds Lorand Geophysical Institute of Hungary, POB 35, Budapest, H-1440
Manuscript received: 12 February, 1986
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volcanic one below and a volcano-sedimentary one immediately above it. The
youngest sediments underlying the volcanic complex are of Berriasian age
[Vadasz 1960] and already contain volcanic material [Panto 1961, Wein 1961]
as do various levels of the Upper Jurassic sequence [Nagy 1967]. The volcanic
complex was placed into the Valanginian stage while the volcano-sedimentary
complex was considered to belong to Late Valanginian to Hauterivian [Wein
1961, 1967, Foudi et al. 1977], Hauterivian [Nagy et al. 1978] or Hauterivian
to Barremian [Bitik 1974, Bitik et al. 1978]. The volcanism may thus have
already started in the Late Jurassic, the main paroxysm having taken place in
the Valanginian and the volcanism continuing during the Hauterivian and,
possibly, Barremian.

The first idea on the change of volcanites in time was epxressed by Wein
[1961]: in his stratigraphic column, lavas are followed by dykes and then by
phonolites. Later [Wein 1967] he supposed that the volcanites become more and
more acidic in time. According to the stratigraphical scheme elaborated during
the 1: 10 000 geological mapping [Bitik 1974, Hamor et al. 1974, Foldi et al.
1977, Bilik et al. 1978, Nagy et al. 1978] magmatism occured in several phases,
and the complete differentiation sequence including most of the subvolcanic
rocks arose during the second phase related to the beginning or middle of the
Valanginian.

Fig. I. Geological map of the eastern Mecsek Mountains (simplified after vadasz 1935)
1-2 —Cenozoic: 1  sediments, 2 Lower Miocene andesite; 3-13 Mesozoic: 3-4
Lower Cretaceous (Valanginian Hauterivian): 3 - volcano-sedimentary complex. 4  volcanic
complex: 5-9  Jurassic sediments: 5  Tithonian. 6  Upper Lias to Callovian. 7 Middle
Lias; 8-9 Lower Lias: 8 marine complex, 9  coal-bearing complex; 10-11  Triassic
sediments: 10 Rhaetian, 11 Middle Triassic; 12-13 Cretaceous subvolcanic bodies: 12
phonolite, 13  alkali diabase; 14  frame of Fig. Il; 15  palaesomagnetic sampling sites
with codes

/. dbra. A Keleti Mecsek foitini térképe (Vaaasz 1935 nyoman, egyszer(sitve)

1-2 kainozoikum: | Uledékek. 2 alsé miocén andezit; 3-13 mezozoikum: 34  alsé
kréta (valangini-hauterivi): 3 vulkani-lledékes dsszlet. 4  vulkani 6sszlet; 5-9  jura
Uledékek: 5  titon, 6  fels6 lidsz kallovi, 7 kozéps6 lidsz; 8-9 also liasz: 8 — tengeri
Osszlet, 9 készéntelepes o6sszlet; 10-11 tridsz uledékek: 10 rhaeti. 11 kozépsd triasz;
12-13 kréta szubvulkani testek: 12 fonolit, 13 - alkali diabaz; 14 -all. abra kerete;
15  paleomagneses mintavételi hely és jele

Pue. L eonornyeckas KapTa BOCTOYHOM 4YacT MeueKCKMX rop [0 Vaaasz 1935, ynpouyeHa]
1-2 KaiHo30l: 1  0cafoyHble NopoAbl. 2 - HMXHEMMUOLEHOBbIE aHAe3nTbl; 3-13

Me30301: 3N HWKHUIA Men (BanaHXWH-roTepus): 3 BYNKAHOreHHO-0CafoyHasa Tonwa, 4

— BY/NIKaHoreHHas tosuia; 5-9 IOPCKME OTNOXEHUsA: 5  TUTOHCKwWe, 6

BepXHe/fieinacoBo-Kennoseickme, 7 — cpciHeneliacosble, 8-9 HWXXHenenacosble: 8  Mopckas
Tonwa, 9 - yrneHocHas tonwa; 10-1 1- TpuacoBsble oTnoXeHus: 10 patckue, |1
cpefHeTpuacosble; 12-13— menosble Cy6BYNnkaHuuyeckue Tena: 12- dgoHonutos, 13

LeNoYHbIX Anabas3os: 14 —pamka puc. 11, 15  Touyka 0TO6Opa ManeoMarHUTHbIX Npob c ee

0603HaueHreM

Editor’s note: the "Northern thrust slice” is the same tectonic unit called in the former paper
“Northern Nappe"
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According to Vadasz [1960], Wein [1961] and Panto [1961] the volcanic
complex covers an erosional surface of Upper Jurassic to Berriasian sediments.
Based on this, Wein [1961, 1967] supposed uplift and folding (doming) after the
beginning of the volcanism and before the accumulation of the volcanic complex
(Hils phase of the Neocimmerian orogeny). He assumed, however, that the
principal folding occured after the termination of the magmatism. During the
1: 10000 geological mapping this picture was modified; it was supposed that
the volcanism was interrupted by several compressive phases although it oc-
cured in extensive phases and that the principal folding took place after the
volcanism hat ended [Binik et al. 1978].

Némedi Varga [1963] assumed that the Kovestetd phonolite intruded after
the principal folding although the intrusive body suffered later compressive
dislocations. Viczian [1971] criticized this concept but the author of the work
ignored this criticism and in a subsequent article [Némedi Varga 1971] also
regarded some alkali diabase dykes to be younger than the folding. Szitagyi
[1979] supported this concept explaining alterations of dyke rocks by metamor-
phism and linking the metamorphism with the orogeny and supposing that fresh
rocks were formed after the metamorphism and folding. Némedi Varga [1971,
1983a] has called attention to the fact that palaeomagnetic declinations [Mar-
ton and Szalay-Marton 1969] of Lower Cretaceous diabase lavas from
Méarévar Valley (belonging mostly to the Valanginian volcanic complex and
partly to the Hauterivian volcanosedimentary complex) significantly differ from
those for the subvolcanic phonolites of the Somly6 Hill that are regarded as
Late Cretaceous.

After tilt corrections, palaeomagnetic pole directions (Table I) form two
groups: the first with declination close to the present one and the second with
declination significantly different from it. Mean values of tilt-corrected direc-
tions for locality groups (all treated as normal)

d: /’ K a%
Group | 8 341.6 41.7 25 11.3
Group I 3 76.4 55.5 33 21.7

Table I. Summary and re-evaluation of palaecomagnetic data for the Mecsekian Cretaceous
volcanites. MS = Marton and Szalay-Marton 1969; DA = Dagley and Ade-Hall 1970
n= number of samples, D°= palaeomagnetic declination, I = palaeomagnetic inclination,
k =Fisher’s precision parameter, a«=angle of confidence, €¥=dip azimuth, <T=dip angle

1 tablazat. A mecseki kréta vulkanitokra vonatkoz6 paleomagneses adatok dsszesitése és
Gjraértékelése. MS = Marton and Szalay-Marton 1969; DA = Dagley and Ade-Hall 1970
n=a mintak szdma, D° =paleomagneses elhajlas, I' = paleomagneses lehajlas, k = a Fisher-féle

pontossagi paraméter, = konfidenciakor, {°=dd&lésirany, 6°=d6lésszog

Ta6n. |. CBoAKa U nepenHTeprnpeTalms naneomMarHUTHbIX AaHHbIX MO0 MefoBbIM BY/NKaHUTaM
Meuekckux rop. MS= Marton and Szalay-Marton 1969; DA = Dagley and Ade-Hall 1970
Nn'=KonmuyecTBO 06pa3LioB, D° = naneomMarHUTHOE CKNOHeHWe, I = NafeoMarHUTHOE HaKNOHEHWe,
K = napameTp KyyHocTu duluepa, 395 = Yron Aosepus, =asnmMyT nageHus, <= yron nageHus

[0}
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Initially, it was supposed (Marton and Szalay-Marton 1969, 1970] that
pole directions for the second group reflect local tectonic rotations around
vertical axes. Later, in consequence of palaeomagnetic investigations of crystal-
line rocks in the southeastern Mecsek Mountains it became clear that pole
directions for the Cretaceous volcanites and older sedimentary rocks manifest
double rotation of the whole Mecsek-Villany area [Marton 1980] one before
and the other after the volcanism.

The second, clockwise rotation was through a large angle, and after its
compensation the pole direction for the Permian [Kotasek et al. 1969] and
Mesozoic [Marton-Szalay and Marton 1978] sediments which are close to
the stable European ones in their present position, became significantly different
from the European pole directions thereby contradicting the European origin
of South Transdanubia [Marton 1984a, 1984b]. Two different explanations for
the origin of the earlier anti-clockwise rotation have appeared. M arton [1984a,
1984b] emphasized that it was close to the rotation of the African plate and,
therefore, the Mecsek-Villany domain might have been located on the African
plate till the second rotation. Balla [1984b, 1985] regarded this coincidence to
be accidental and supposed that the first rotation had been connected with
decoupling of the Mecsek-Villany domain from the Euopean plate.

The Komlé andesite (Lower Miocene [Arva-Sés and Ravasz 1978, Por-
dan 1983, Suts-Szentai 1983]) also suffered the second rotation therefore the
latter must have occured in the Miocene. Its kinematics have been studied in
detail [Bal1a 1984c], At the same time, the kinematics of the first rotation have
remained unclear. The goal of this work is to confront geological and palaeo-
magnetic data in relation to this rotation.

The main question to be examined is the age of the rotation. Since the
Cretaceous volcanites partly suffered this rotation and partly not, it is very
important to have a real idea of the geological data with regard to the timing
of the volcanites. The simplest approach seemed to be to consider the volcanites
with the palaesomagnetically detectable first rotation (i.e. with no rotation
relative to the present pole because of mutual compensation of two rotations)
to be Lower Cretaceous in age and the volcanites without the first rotation (i.e.
with only clockwise rotation relative to the present pole) to be Late Cretaceous
in age [Némedi Varga 1971]. The real question is, however, whether Late
Cretaceous volcanites do exist in the Mecsek or not.

2. On the Cretaceous volcanism postdating the folding and metamorphism

Late Cretaceous volcanites have been distinguished [Némedi Varga 1963,
1971, Sziragyi 1979] by supposing that they are younger than both the folding
and the metamorphism. There are no doubts on the folding of the Mesozoic
complexes of the Mecsek Mountains but as for the metamorphism, the picture
is not so simple.
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2.1 Metamorphism of Cretaceous voleanites

Metamorphism of Cretaceous voleanites was assumed to have occured
[Szitagyi 1979] based on re-examinations of alteration of dyke rocks described
by M auritz [1913]. With regard to the mineralogy and petrography of altered
rocks, szitagyi [1979] stated nothing new; he does, however, mention siderite
and leucoxene in altered rocks and zoisite instead of epidote. The only impor-
tant difference as opposed to Mauritz’s description concerns analcite and albite:
whereas M auritz [1913] described albite as a primary and analcite as a secon-
dary mineral. szitagyi [1979] emphasized the albitization of the analcite. His
view is that analcite occurs in the same interstitial position between feldspar
laths as in Mauritz’s description. This is a typical case when it is very difficult
to decide whether analcite is of primary or secondary origin [Deer et al. 1963].

This question is, however, very important because analcite is also abundant
in phonolites [Mauritz 1913, Viczian 1971] which were regarded as Late
Cretaceous [Némedi Varga 1963] and post-metamorphic [Némedi Varga
1983a], In phonolites, analcite can only be of magmatic or hydrothermal origin
and, obviously, the same is true for similar analcite in ‘metamorphic’ voleanites.
On the other hand, albite is the most important ‘metamorphic’ mineral in
Szilagyi’s opinion; it could not, therefore, be older than analcite. However, no
facts have been presented to support albitization of analcite.

As for Szilagyi’s other evidence of the metamorphism: the temperature
estimations for the plagioclase (400-510 °C) [Szitagyi 1979] are completely
inconsistent with the zeolite facies metamorphism supposed, the presence of
relics of basic plagioclase in altered rocks does not prove metamorphism, the
same being true for the asymmetric alteration of the sill studied. The last
evidence would be the exclusion of outer sources for sodium. In this respect
Szilagyi puts forward two considerations: the first being that spilitization is
impossible in subvolcanic conditions. This is, however, not correct since the
seawater filling pores in terrigenous sediments is sufficient to produce spilitiza-
tion of subvolcanic intrusions. Szilagyi’s second argument is that the sodium
content is constant across the only sill studied in this relation. According to
N émedi Varga [1971], however, the 2-5 m thick sills and dykes are completely
altered whereas in the 5-20 m thick bodies the alteration is restricted to 2-3 m
thick rims. This pattern clearly manifests an outer source of alteration agents,
and it is quite obvious that there is no reason for any changes in the sill studied
by Szilagyi since it is only 2.7 m thick. This means that none of the arguments
for the metamorphism is convincing.

it is of interest at this point to review data on country rocks. Two series
of investigation of coalification processes have been carried out. On the basis
of volatile studies Némedi Varga [1967] and Nagy [1971] concluded that the
correlation of the volatile content with the depth is too weak; thus, changes in
volatile content cannot be related to differences in the burial depth, but to
orogenic processes. On the other hand, Vets [1978] and Laczé [1983] estab-
lished clear dependence of vitrinite reflection on the stratigraphic depth and
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related coalification to the burial processes. In spite of contradictions between
two groups of data, both of them are in agreement when determining coalifica-
tion temperatures to have a maximum of 120-130 °C, which is too low speak

about metamorphism of magmatic rocks.
2.2 Relationships between the volcanism andfolding

We have seen that alternation of volcanism and compressive dislocations
in time has been accepted by most people. In Némedi Varga’s concept [1963,
1971, 1983a, 1983b] the new element is that this view was extended to the
principal folding as well and, accordingly, part of the volcanites was considered
Late Cretaceous. As long as the tectonic qualification of the Mecsekian Creta-
ceous volcanites remained ambiguous (e.g. ‘miogeosynclinal’ [Viczian 1970])
and alternation of compressive and extensive phases was considered as the
essence of the tectonic development, this concept seemed to be quite reasonable.
Since then, however, with the assumption of the genetic connection of the
Mecsekian volcanites with ophiolites [Szepeshazy 1977] the above idea has
already become unacceptable. After outlining the rift origin [Bat1a 1982, Bilik
1983] it became incomprehensible how the periodic compression could be
consistent with the alkali diabase magmatism of permanent character.

Re-examining the argumentation of wein [1961, 1967] and Birik et al.
[1978] for the periodic compression in the light of the above theoretical con-
siderations, it became clear that there can be only one argument, i.e. that of
periodic erosion. It must be clear that an explanation of erosion in terms of
compressive tectonics is not necessarily true and that never and nowhere have
synvolcanic folds been outlined in the Mecsek Mountains. On the other hand,
rifting processes always and everywhere are accompanied by block tectonism,
so periodic erosion is quite explainable in this framework.

The concept of Némedi Varga [1963, 1971], however, cannot be rejected
on purely theoretical grounds and it needs a comprehensive analysis. According
to him, alkali diabase and phonolite bodies occur in three different positions
within the coal-bearing complex as follows:

D in sills — this is the dominant type with bodies which follow folded
structures;

2) in dykes intruding into the country rocks;

3) in “fissure fillings” — as thick bodies occurring where tectonic disloca-

tions are strong.

Puc. 2. KonoHkn 6ypoBbIX CKBaXXKWMH, BCKPbIBWMX (HOHOANTLI Ha KéBewTeTé (N0 Némedi Varga
1963, C M3MEHEHMAMM), CKOPPENMPOBaHHbIE MO KPOB/ie YrNEHOCHOW TOMLLM.
[MonoXxeHne CKBaXWH CM. Ha puc. 3 un 4
1— paTCKuii Apyc; 2-4 - HWKHWIA neiiac: 2 — reTTaHrCKO-CUHEMIOPCKMIA Apyc, YrneHocHas
TONWA, 3 — HWKHENOTAPUHICUIA NOABLAPYC, TOMLa MePeKpbIBaloLLMX NecYaHWKoB, 4 —
BEPXHENOTapUHICKUIA NOABAPYC, TO/LLA MEPeKpPbIBAIOLLMX Meprefieid; 5 — HKHass vacTb
CpefHero neiiaca, To/Wa NATHUCTLIX U3BECTKOBUCTbLIX Mepreneii; 6-7 — Men: 6 — LWenouHble
Anabasbl, 7 — (OHONUTLI; 8 — renbBeTCKUin Apyc (MuoLeH); 9 - aHTponoreH; 10 — pa3pbiBHOE
HapyLleHue; 11 — KOMJIOMCKas CKBaXMHA, 12 — XOCCYXeTeHbCKas CKBaXKMHa
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Fig. 2. Stratigraphic columns of the boreholes penetrating the Kdvestet6 phonolite correlated
along the top of the coal-bearing complex (modified after Némedi Varga 1963).
For locations, see Figs. 3 and 4

I — Rhaetian; 2-4 — Lower Lias; 2 - Hettangian-Sinemurian, coal-bearing complex, 3 —

Lower Lotharingian, overlying sandstone complex, 4 — Upper Lothariangian, overlying marl
complex; 5 — Middle Lias, lower part, spotty calcareous marl complex; 6-7 — Cretaceous: 6 —
alkali diabase, 7 — phonolite; 8 — Helvetian; 9 — Quaternary; 10 — fault; 11 — boreholes in

the Komlé and Hosszuhetény areas

2. abra. A kovestet6i fonolitot feltaré mélyfarasok rétegsorai (Némedi Varga 1963 nyoman,
maddositva) a k6széntelepes 6sszlet fed6vonala mentén parhuzamositva.
Helyiket 1 a 3. és 4. abran
1— rhaeti; 2-4 — als6 tridsz: 2 — hettangi-szinemuri, k6széntelepes 6sszlet, 3 — alsd
lotharingiai, fed6homokkd &sszlet, 4 — felsé lotharingiai, fedémarga osszlet; 5 — kbdzéps6 liasz
also része, foltos mészmarga osszlet; 6-7 — kréta: 6 — alkali diabaz, 7  fonolit; 8  helvéti, 9
— kvarter; 10 — torés; 11 — komldi és hosszuhetényi mélyfarasok
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The sill position itself does not give any information on the succession of
the folding and the intrusion since, according to Némedi Varga [1971], the
Komlé andesite which intruded after the principal folding in all tectonic con-
cepts forms a sill. Similarly, the singificance of “fissure fillings’ is unclear:
intrusions may preferably have taken place in tectonized sites but also the
dislocations themselves could be concentrated around and within rigid magmat-
ic bodies during the folding.

No careful structural analysis has been carried out to decide what is the
case with sills and “fissure fillings'. Moreover, there are problems concerning the
term ‘issure filling’. Némedi Varga [1963, 1971, 1983a] has considered the
Kdvestetd phonolite body to be an example of ‘fissure fillings' transversal
relative to the fold axis while according to his own data this body is in the same
stratigraphic position in most boreholes (Fig. 2). It could be qualified as a
‘transversal fissure filling” based on the geological map (Fig. 3) but contour
maps for the top and bottom surfaces of the phonolite body (Fig. 4), the
horizontal sections (Fig. 5) and the vertical sections in the dip direction
(Fig. 6/A and C) prove the sill character of the body [Viczian 1971]. As another
example o f “fissure fillings’ Némedi Varga [1983a] has only named the Somlyo
phonolite body which is — according to Vadasz [1935] — a sill. Additionally,
Némedi Varga has mentioned a geological section from the Kossuth colliery
in which post-tectonic dykes are shown, his reference [‘Lipi oral comm. 1977’
see in Némedi Varga 1983a] is hardly a reasonable substitute for a publication
of the section. Our view, therefore, is that no material on the post-tectonic
intrusions has been presented.

In this relationship the only doubt remains with the northwestern part of
the Kdvesteté phonolite body. Based on the geological map (Fig. 3) and the
vertical sections along the strike (Fig. 6/B, D and E) one could conclude that
the phonolite body is in a discordant position here. Although Viczian [1971]
linked this discordance with the process of the intrusion (Fig. 7), the question
is, however, whether this discordance exists or not. Only borehole columns
(Fig. 2) can be considered as concrete facts and they clearly show that the
phonolite really is in a higher position in the northwest but the point is that this
position is stratigraphically constant, manifesting a stratigraphic jump not
stratigraphic shift of the body. In other words, borehole data demonstrate a
pre-intrusion fault but not pre-intrusion bending (folding). The map (Fig. 3)
and the sections (Fig. 6/B and D) are products of interpretation, and it is quite

Puc. 3. l'eonornyeckas kapta OKpecTHOCTel (DOHONMTOBOro Tena Ha KEBELITETE CO CHATMEM
YeTBEPTUYHbIX OTN0XEHWA (N0 Némedi Varga 1963, C U3MeHeHUAMN)
1 — paTckuii apyc; 2-4  HWKHWUIA neiiac: 2 — reTTaHICKO-CUHEMIOPCKUIA Apyc, YrieHocHas
TONWa, 3 - HMKHENOTapPUHICKUIA NOABLAPYC, TOMLA NEPEKPbLIBAIOLLMX NECHAHWKOB.

4 — BEpPXHENOTapUHICKNIA MoAbAPYC, TONWA NepeKkpbiBalOWNX Mepreneid; 5-6  cpegHuii [0)

neiac: 5— HWXHAS 4acTb, TOMLWA NATHUCTBIX W3BECTKOBUCTbLIX Mepreneii, 6 — BepXHAA 4acTb;
7-8 — men: 7 - wWenoyHble anabasbl, 8 - (OHONUTLI; 9 — reNbBETCKUIA Apyc (MUOLEH);

10 — reonorunyeckue paspesbl puc. 6; 11 ocb aHTMKAMHanNKW; 12 cbpoc; 13 B36poC;

14 — ckBaxunHa; 15 — ropHas BblpaboTKa; 16 — y4yacTOK CTPYKTYPHbIX Habnto4eHWUiA (CM. puc.
8)
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Fit/, k Uncovered geological sketch of the Kdv'estel6 phonolite area
(modified alter Ni:midi Varga 196.1)

| Rhaclian: 2 4 Lower Lias; 2 Hettangian-Sinemurian, coal-bearing complex, 3
Lower Lolharingian. overlying sandstone complex. 4  Upper Lotharingian. overlying marl
complex; 5-6 Middle Lias: 5 lower part, spotty calcareous marl complex, 6  upper part;

7-8  Cretaceous: 7  alkali diabase. 8  phonolite; 9  Helvetian; 10  geological

cross-sections of Fig. 6: 11  axis of anticline; 12 normal fault; 13 reverse fault;

14  borehole; 15 gallery; 16  site of structural observations (see Fig. 8)

J. dbra. A kovesletsi fonolitterillel fedetlen foldtani térképe (NEMk )l Varga 1963 nyoman,
maodositva)
| rhaeti; 2-4 alsé liasz: 2 hettangi-szinemuri, k&széntelepes osszlet, 3  als6
lotharingiai, fed6homokkd &sszlet, 4  fels6 lotharingiai, fed6marga Osszlet; 5-6 kozéps6
lidsz: 5  also rész. foltos mészmarga Osszlet. 6  fels6 rész; 7-8 kréta: 7  alkali diabaz,
8 fonolit; 9 helvéti; 10 a 6. abra foldtani szelvényei; Il  antiklinalis tengelye;
12 vet6dés; 13 (eltolodas; 14  mélyfaras; 15 banyavagat; 16  szerkezetfdldtani
megfigyelések helye (L a 8. abran)
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Fig. 4. Contour maps of the Kovesteté phonolite body (after N émedi Varga 1963)
A) Contour lines of the top surface
B) Contour lines of the bottom surface
1 — boundary of outcrop; 2 — line of pinch-out; 3 — contour line constructed;
4 — contour line inferred; 5 — prospecting borehole

. dbra. A kovestetdi fonolittest szintvonalas térképei (Némedi Varga 1963 nyoman)
A) Fed6szintvonalak
B) Fekdiszintvonalak
kibuvasi vonal, 2 — kiékel6dési vonal; 3 — szerkesztett szintvonal; 4 — feltételezett
szintvonal; 5 — kutatofaras

Puc. 4. KapTbl (hoHoNuTOBOro Tena Késew TeTé B n30ANHUAX (N0 N émedi Varga 1963)
A) N3onmHnn Kposau
B) N30n1MHUKN NouBbl
1 — NnHWA BbIXOAa Ha NOBEPXHOCTb; 2 — JINHUA BbIK/IMHUBAHUS; 3 — OTCTPOEHHAas U30/MHUS;
4 — npegnonaraemas U30/IMHUSA; 5 — CKBaXWHA
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Fig. 5. Horizontal sections of the Kovestet§ phonolite body [after Némedi Varga 1963]
5. dbra. A kovestet6i fonolittest vizszintes metszetei [Némedi Varga 1963 nyoman]

Puc. 5. [OpU3oHTaNbHbIE ceyeHUs (hoHONMTOBOro Tena KégewwTeTé [No Némedi Varga 1963]

probable that they could be constructed with the fault mentioned above without
any stratigraphic shifting, i.e. without any discordance of the phonolite body.

Consequently, when taking only definite facts from N emedi Varga’s [1963]
publication one can outline a clear picture with a concordant phonolite intru-
sion after a fault but before the folding. This picture is consistent with the fact
that along both contacts of the phonolite body sediments are tectonically
disturbed [Nemedi Varga 1963]. Proof is given in another way, viz. that most
of the tensional fissures filled by hydrophonolite are near-vertical and parallel
with the fold axis.

Finally, some words on the measurements of the joints (Fig. 8). When
rejecting second- and third-order maxima, each diagram displays three principal
joint sets: one along the stratification plane and two perpendicular to it (Fig. 9).
Country sediments on the southern limb of the anticline and phonolite quarries
display similar joint patterns relative to the fold axis and, accordingly, reflect
the same strain pattern. Joint sets in the southeastern phonolite outcrop mani-
fest tilting towards the east or southeast but the causes are not clear (local
second-order dislocations, gliding on the present slope, something else?). Simi-
larity in joint patterns for the phonolite and country sediments — in agreement
with the fold structures — leaves no place for speculations on the post-tectonic
intrusion of the phonolite.
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Fiij. 6. Geological sections across the Kdvesteté phonolite area
(A-A' and B-B' after Némedi Varga 1963, and C-C\ D-D’ and E-E’ after Viczian 1971)
| Upper Triassic, Rhaetian stage; 2-4 Lower Lias: 2  Hettangian and Sinemurian stages
(coal measures), 3 ~ Lotharingian stage, lower part (overlying sandstone suite). 4
Lotharingian stage, upper part (overlying marl suite); 5  Middle Lias, lower part (spotted
calcareous marl suite); 6 — Cretaceous phonolite; 7 — Miocene sediments; 8 — fracture;
9  propecting borehole

6. abra. Foldtani szelvények a kdvestetdi fonolitteriiletcn at (A-A' és B-B' Némedi Varga 1963,
C-C\ D-D' és E-E' Viczian 1971 nyoman)
| fels tridsz, raeti emelet; 2-4  als6 lidsz: 2  hettangi-szinemuri emelet (k&széntelepes
csoport), 3 lotharingiai emelet, alsé tagozat (fed6homokkd csoport), 4  lotharingiai emelet,
felsé tagozat (fedémarga csoport); 5 - kozépsd liasz, alsé tagozat (foltos mészmarga csoport);
6 kréta fonolit; 7 miocén Uledék; 8  torés; 9 kutatéfiras

Puc. 6. l'eonornyeckne paspesbl yepe3 hoHoNnToBOe Teno KéeewTeTé (A-A' 1 B-B' no Némedi
Varga 1963. C-C\ D-D' u E-E' no Viczian 1971)

| BEPXHWIA Tpuac, paTCKuil Apyc: 2-4  HWXKHWIA neiac: 2 -
(yrneHocHas Tonwa), 3
necyaHukos), 4

rCTTAHTCKO-CMHEMIOPCKMIA sipyc
HUXXHENOTAPUHICKMIA NoAbAPYC (TONLLA NepeKpbIBatoLLIMX
BEPXHENOTAPUHICKUIA Noabspyc (ToNla NepekpbiBatolwmx Mepreneil); 5 —
HUXHAS 4acTb cpeaHero neitaca: (ToNWa NATHUCTbIX U3BECTKOBUCTLIX Mepreneit); 6 — Menosble
(hOHOMUTBI; 7 - MMOLIEHOBbIE OTNIOXKEHNUSA; 8 — paspbIBHOE HapylueHue; 9

pasBefoyHas
CKBaXWHa
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1 Fig. 7. Schematic sections in strike
direction to illustrate stages of intrusion
of the Kdvestet6 phonolite body (after
Viczian 1971). For legend, see Fig. 6

7. abra. A kovestetdi fonolittest
benyomulasanak egyes szakaszait
illusztralé vazlatos csapasmenti
szelvények (Viczian 1971 nyoman).
Jelmagyarazat a 6. abran

Puc. 7. Cxematunyeckue paspesbl no
NpOCTUPaHWIO, UNNKCTPUpYoLLIne
nocnefoBatefibHble CTafun BHeAPeHUs
thoHonutoB KégewTeTé (M0 Vicz.ian
1971). YcnoBHble 0603Ha4YeHUA

CM. Ha puc. 6

«

Summarizing, we can state that any intrusion of some Cretaceous mag-
matites after the folding is improbable theoretically, and from the practical
point of view cannot be supported by data. Facts used in this connection either
prove folding after the intrusion and not vice versa, or at least do not contradict

it.

2.3 Summary

Analysis of data on the metamorphism and structure [Némedi Varga 1963,
1971, 1983a, szirtagyi 1979] has revealed the absence of any basis for assuming
post-tectonic magmatism and syn-tectonic metamorphism. This conclusion
accords both with the concepts of other scientists on the uniformity of the
magmatism and with its general character, i.e. rift origin. On the other hand,
the age relationships of subvolcanic and volcanic rocks as well as the timing of
the termination of the magmatism need further analysis.
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Fig. 8. Upper hemisphere equal-area projections showing the distribution of joints of the
Kévestetd phonolite area (after Némedi Varga 1963)
a) overlying marl, 150 measurements; b) phonolite, southeastern outcrop, 100 measurements;
¢) phonolite, active quarry, 100 measurements; d) phonolite, abandoned quarry,
100 measurements. For locations, see Fig. 3. Density contour lines — 0, 1, 2, 3, 4, 6%

8. abra. A kovestetSi fonolittertlet k6zetrés-eloszlasi diagramjai: (Némedi Varga 1963 nyoman);
terllettarté vetiuletek a felsé félgombrél
a) fedémarga, 150 mérés; b) fonolit, DK-i kibavas, 100 mérés; c) fonolit, m(ik6dé kéfejtd,
100 mérés; d) fonolit, felhagyott kéfejts, 100 mérés. Helyiiket lasd a 3. abran.
Izovonalak — 0, 1, 2, 3, 4, 6%.

Puc. 8. PacnpegeneHue TpelmnH B paitoHe KépewwTeTé (Mo Némedi Varga 1963),
npoekuma Ha ceTKy LLImuaTa c BepxHeit nonycdepbl
a) nepekpbiBatoLe meprenu, 150 3amepoB; b) hOHONWTLI, OFOBOCTOUHbIN BbIXOS,
100 3amepoB; ¢) hOHONUTBLI, AeACTBYOLWNIA Kapbep, 1d0O3amepoB; d) OHONUTLI, 3a6POLLEHHbIN
Kapbep, 100 3amepoB. MonoxeHne yyacTkoB cM. Ha puc. 3. N3onuHuu: 0, 1,2, 3, 4, 6%
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Fig. 9. SsSummary of principal joint sets of the Kbvestets area. Upper hemisphere equal-angle
projection showing results of re-evaluation of Némedi Varga’s [1963] measurements

1-5 — poles of planes: 1 — joint set interpreted as stratification, 2 — plane normal to both
shear planes, 3 — joint set interpreted as a shear plane, 4 — bisectrix plane in the acute angle
of the shear planes, 5 — same in the obtuse angle; 6 — trace (great circle) of the plane normal

to both shear planes; 7 — link between the poles of the stratification and of the great circle

(symbol 6)
9.

abra. A kovestet6i f6 k6zetrés-nyalabok osszesitése. Némedi Varga [1963] méréseinek
Ujraértékelési eredményeit bemutatd szogtartd vetilet a felsé félgombrél
1-5 — sikok pdlusai: 1 — rétegz6désként értelmezett k6zetrés-nyaldb, 2 — mindkét nyirasi sikra

mer6leges sik, 3 — nyirasi sikként értelmezett kézetrés-nyalab, 4 — szogfelez6 sik a nyirasi
sikok altal bezart hegyesszdogben, 5 — u.az a tompaszégben; 6

a mindkét nyirasi sikra
merdbleges sik nyomvonala (f6kor); 7 — az dsszetartozd rétegzédés és f6kor (6. jel) polusait

Osszekdté egyenes

Puc. 9. Csogka rnasHbIXx cUCTEM TpeLLUH palioHa KéseluTeTe, npoekums Ha ceTtky Bynbdha
C BepxHeli nonycdpepsbl. NepenHtepnperauns pesynstatos 3amepos Némedi Varga [1963].
1-5 — nonoca nnockocTei: 1 — cucrtema TpeLyunH, conocrasnsemas co CIOUCTOCTbIO,

2 — NNOCKOCTb, HOpManbHas kK o6enmMm cuctemam CKonoBs, 3 — cucrema TpeLLmH,
MHTepnpeTMpyemMas Kak Ckof, 4 — MnnockKoCTb-buccekTpuca B OCTPOM YTy CKOMOBbIX
nnockocteil, 5 — 10 Xe B Tynom yrny; 6 — cnepg (6onblIoOii KpYr) N1OCKOCTN, HOPMasbHO’
K 060uM ckonam; 7 — OTPe30K, COeMHALLNIA nontoca CNOUCTOCTN U BGOJbLLIOTO Kpyra

(3HaK 6)

163
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3. Timing of subvolcanic intrusions and of the termination of the magmatism

We have seen that volcanism still lasted in the Hauterivian and, probably,
also in the Barremian - at least in places. Because there is no horizon within
the Mecsekian Lower Cretaceous which is free of synchronous volcanic ma-
terial, the timing of the termination of the volcanism is, strictly speaking,
uncertain. Based on the general tendency of Lower Cretaceous sequences
(Fig. 10), i.e. concentration of volcanic material in the lower part (volcanic
complex phases I11) and its dilution with sediments in higher parts (volcano-
sedimentary complex, phases 111-W1), it is usually believed [wWein 1961, 1967,
Pants 1961. Birik 1974] that the last observable volcanogenic horizons are
close in time to the termination of the volcanism. This may be true but not
necessarily.

In the so-called ‘Northern thrust slice’ (see Fig. 1) within the thick volcanic
complex of postulated Valanginian age marl strips abundant with forams are
observable (Fig. 11). Formerly, forams were regarded to be of Cenomanian age
[Majzon 1961, Sidé 1961] but determinations on new samples carried out by
Kovacs-Bodrogi (pers. comm.) have revealed that all marls belong to Lower and
Middle Turonian. The southern half of the thick marl strip is strongly tectonized
but its northern contact may be of stratigraphic origin. Independently of this,
the thin strip in the northern part of the volcanite outcrop consisting of cracked
marls is, possibly, in the normal stratigraphic position. If this is true, the
volcanism continued into the Turonian.

In any case, Turonian sediments of pelagic type seem to be inconsistent
with the idea that in the post-Hauterivian Cretaceous the Mecsek area was

Fig. 10. Idealized stratigraphic columns for Lower Cretaceous formations of the eastern Mecsek
Mountains (after Bilik 1974)
1 — stratified hyaloclastite; 2 in situ lava breccia; 3— marl; 4 - conglomerate;
5 sandstone; 6 - phonolite; 7 alkali trachyte pillow lava; 8 — alkali trachyte massive >
lava; 9 — alkali diabase massive lava; 10  alkali diabase pillow lava; 11 — alkali diabase
hyaloclastite; 12 — argillaceous limestone; 13 — limestone;
I VI - phases of the volcanic activity

10. abra. A Keleti Mecsek als6 kréta képz6dményeinek eivi rétegoszlopai (Bilik 1974 nyoman)
1 — rétegzett hialoklasztit; 2  helyben képz6dott lavabreccsa; 3 — marga;
4 — konglomeratum; 5— homokkd; 6 — fonolit; 7 — alkali trachit parnalava; 8 — alkali n[>
trachit tdmeges lava; 9 — alkali diabaz tdmeges lava; 10 — alkali diabaz parnalava; 11 — alkali
diabaz hialoklasztit; 12 — agyagos mészkd; 13 — mészké; I-VI — a vulkani miikddés fazisai

Puc. 10. CBoaHble cTpaturpagmyeckme KOMOHKU HVKHEMENOBbIX 06pa3oBaHMin BOCTOYHOM YacTu
Meuekcknx rop (no Bitik 1974)
1— cnoucTble rManoknacTuTbl; 2 — naBobpeKkynn, BOHMKLLUME HA MecTe; 3 -  Meprenu;
4 — KoHrnomepartbl; 5 — necyaHuku; 6 — OHONUTLI; 7 — MOAYLUEeYHble aBbl LWEN0YHbIX ,
TPaxuTOoB; 8 — MaCcCUBHbIE NaBbl LLENOYHbIX TPAXUTOB; 9 — MACCMBHbIE N1aBbl LLENOYHbIX A
nmnabasos; 10 — nopylueyHble NaBbl WenoYHbIX A1naba3oB; 11 — rnanoknacTuThl LENOUHbIX
Anabasos; 12 — rAUHUCTbIE U3BECTHAKN; 13 — W3BECTHAKM;
I-VI1 (hasbl BYNKaHWYECKOW aKTUBHOCTMN
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Fig. 11. The marl exposure near Vékény in spring 1982 (for location see Fig. 1)

1 debris; 2 — red clay (weathering product of marls); 3 — red clay with limestone blocks
(tectonic breccia); 4 — cracked and weathered (argillaceous) red marl; 5 — fresh red marl (in
blocks); 6  sandy conglomerate of basaltic composition; 7  cracked breccia of basaltic
composition with limestone and marl blocks (tectonic breccia); 8  cracked basalt
(agglomerate?); 9 — brecciated basalt (agglomerate?); 10  basalt in blocks;

O — location of the exposure

11. abra. A Vékény melletti margafeltaras 1982 tavaszan (helyzetét 1 az . abran)
1— lejt6tormelék; 2 — voros agyag (a marga mallasi terméke); 3 — vérds agyag
mészk8tombokkel (tektonikus breccsa); 4 — toredezett és mallott (agyagos) vorés marga;
5 — lde vOrés marga (tombdkben); 6 — bazaltos dsszetételi homokos konglomeratum;
7 — bazaltos Osszetétel( toredezett breccsa mészks- és marga-témbokkel (tektonikus breccsa);
8- tdredezett bazalt (agglomeratum?); 9  breccsas bazalt (agglomeratum?); 10  bazalt
tombokben; G — a feltaras helye

Puc. 11. Bbixog mepreneii 6113 c. BekeHb BecHoi 1982 r. (MonoXkeHune cM. Ha puc. 1)

1— pentoBuid; 2 — KpacHble rUHbI (MPOAYKTLI BbIBETPUBAHWS Mepreneid); 3 — KpacHble FWHbI
¢ 0610MKaMu U3BECTHAKOB (TEKTOHMYECKUEe 6peKunn); 4 — TPELLMHOBATbIE U BbIBETPESble
(rMMHNCTBIE) KpacHble mMeprenu; 5 — cBeXxwue KpacHble Meprenn (B rnbi6ax); 6 — necyaHUCTble
KOHriomMepaThl 6a3anbTOBOro cocTaBa; 7 — TpeLinHOBaTble Gpekynm 6a3anbTOBOro cocTaBa
¢ 0610MKaMW M3BECTHAKOB W Mepreneii (TEKTOHMYeCKMe Bpekumn); 8 — TpeljmHoBaTble
6asanbTbl (arnomepartbl?); 9 - 6GpekynpoBaHHble 6a3anbTbl (arnomepatsl?); 10  6as3anbThbl
B rNbl6ax; G — MOM0XeHNe BbIXofa

uplifted. On the other hand, boreholes discovered all horizons of the Cretaceous
in the basement of the Pannonian basin east and northeast of the Mecsek.
Although basaltic rocks are widespread [Juhasz and Vass 1974, Szepeshazy
1977, Ba11a 1982] Cretaceous sediments are usually free of synchronous volcan-
ic material [Berczy-Makk 1985, Szentgyosrgyi 1984a, 1984b] independently
of their stratigraphic position. This could mean that the volcanism took place
here in deeper water, almost with no explosions, therefore the alkali basalt
volcanism was .generally not recorded in synchronous sediments. Volcano-
sedimentary complexes are known on the western periphery of the Apuseni
Mountains (Romania, Upper Senonian) and in VVojvodina (Yugoslavia, Upper
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Turonian to Senonian) but they are related to subaerial volcanism in the
Apuseni—Sredna-Gora magmatic belt [Szentgyosrgyi 1984b]. This means that
the upper age limit of the Mecsekian volcanism cannot be established when
using stratigraphic data only.

In the Danube-Tisza interfluve, erosional disconformities have been estab-
lished at the base of the Upper Cenomanian and of the Upper Senonian but
Albian-Cenomanian and Turonian-Senonian concordances also are observable
and the interrelations between the Turonian and Cenomanian are unknown
[Szentgyergyi 1984b], This means that tectonic criteria manifest at least local
movements within the Late Cretaceous but they do not allow one to determine
more accurately the age of the first significant folding in the Mecsek Mountains
which could stop the alkali basaltic volcanism.

As for the subvolcanic bodies, their relationships with the surface vol-
canites are highly speculative. Until now, no special investigations of this
problem have been carried out. Moreover, subvolcanic and effusive bodies have
not been mapped seperately and existing geological maps display rock types
with no qualification of their geological position (effusive, extrusive, intrusive,
etc.). In a situation like this the correlation of subvolcanic intrusions including
phonolites, teschenites, etc., with the second phase of the Valanginian volcanism
(Fig. 10) can be regarded as a hypothesis only. Accordingly, the age of subvol-
canic intrusions within the time span of volcanic activity is unknown. If signifi-
cant stratigraphic intervals containing volcanites have disappeared due to ero-
sion, at least some of the subvolcanic bodies — as products of the terminating
volcanic activity — preserved in deeper stratigraphic levels must be younger
than the remaining volcanites, and vice versa. Independent evidence for a
younger age of some subvolcanic bodies wouid exhibit much longer duration
of the magmatism than is usually believed.

Summarizing, the termination of the volcanism in the Mecsek Mountains
cannot be fixed within the Turonian-Senonian time span. Since most of the
stratified volcanites are, probably of Valanginian or Hauterivian age, much
younger ones may occur among the subvolcanic bodies. The latter must all be
older than the folding of uncertain age. Based on this conclusion we can start
discussing palaeomagnetic data.

4. Palaesomagnetic data and the age of the first rotation

There are two groups of palaecomagnetic data on Cretaceous volcanites of
the Mecsek Mountains (Table I), one published by M arton and Szatay-M ar-
ton [1969] the other by Dagiey and Ade-Har1 [1970]. Tilt correction led to
an increase in the between-site scatter (Fig. 12). so that Dagley and Ade-Hall
suggested that the magnetization might be of post-tilting (i.e. post-folding age).
Except for the andesites in the southwest there is no sign of young magmatism
in the area. The thermal history of the sediments shows maximum heating at
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the end of the sedimentation [Vets 1978], i.e. in Early or Middle Cretaceous.
Thus, no geological reasons exist for regional re-magnetization after the folding.

Hungarian data (Fig. 12/B) display two groups after tilt correction: the first
of them (D =349°, /=52°) corresponds to pole directions obtained from Upper
Jurassic to Lower Cretaceous sediments of the Mecsek Mountains and Villany
Hills (Table I1, Fig. 13); the second group (D =84°, /= 6I") corresponds to pole
directions of the Komld andesite of Early Miocene age (D =82°, 1=62°) [Mar-
ton and Szalay-Marton 1969].

The British team, however, obtained an irregular picture after tilt correc-
tion (Fig. 12/D). When comparing their values for the tilt correction (Table 1)
with those used by the Hungarian team one can see systematically higher angles
for dips and also different azimuths.

It is understable that while direct measurements agree rather well the
corrected values give quite different results. That is why we checked each value
for tilt correction in 1: 10 000 geological maps and redetermined palaeomagnet-
ic directions with new values for tilt corrections (Table I). Most of the pole
directions (Fig. 12/E) belong to the first group [sensu Marton and Szalay-
Marton 1969, 1970] displaying 0 = 342°, 7=42°. Only three sills belong to the
second group: the Kovestet§ phonolite, the Somly6 (‘Méza Valleyhead’)
phonolite and the Hosszuhetény alkali diabase. One could express doubts on
the reality of the second group because of the limited amount of bodies. But
completely independent measurements on alkali diabase dykes and remag-

netized aplites within crystalline rocks of the Méragy area southeast of the
Mecsek Mountains yielded similar directions (mean of 10 sites: D =94°, 1=51°
[Marton 1984a]; individual results for most of the localities remained unpub-
lished). This is the basis for distinguishing between the two rotations (Fig. 14).

Fig. 12. Palaeomagnetic directions for the Mecsekian Cretaceous volcanites all treated as
normal. Upper hemisphere equal-angle projections
A-B — Marton and Szalay-Marton 1969 (MS): A — direct measurements,
B — tilt-corrected directions; C-D — Dagley and Ade-Hal1l 1970 (DA): C — direct
measurements, D — tilt-corrected directions; E — directions with newly estimated
tilt-corrections (for code numbers and directions, see Table I)

12. abra. A mecseki kréta vulkanitok paleomagneses iranyai, valamennyit normalisként kezelve.
Szogtarto vetiiletek a felsg félgombrol
A-B — Marton és Szalay-Marton 1969 (MS): A — mért iranyok, B — d6léssel korrigalt
iranyok; C-D — Dagley és Ade-Hall 1970 (DA): C — mért iranyok; D — ddléssel korrigalt
iranyok; E — az Gjonnan meghatéarozott délésértékekkel korrigalt iranyok (a sorszamokat és
iranyokat lasd az I. tablazatban)

Puc. 12. ManeomarHuTHble HanpasfeHWUs 415 MeNoBbIX BY/IKAHUTOB MeueKCKux rop,
HaHeCeHHble kaK HopMasnbHble. [poekums Ha ceTKy Bynbtha ¢ BepxHeit nonycgepbl
A-B — no Marton and Szalay-Marton 1969 (MS): A — n3MepeHHble HanpaBneHus,

B — HanpaBneHns ¢ NonpasKoW 3a HaknoHHoe 3aneraHue; C-D no Dagley and Ade-Hall
1970 (DA): C — un3MepeHHble HanpaBneHusi, D — HanpaBneHWs C NONPaBKOMA 3a HaKIOHHOE
3aneraHune; E — HanpasfieHUs co BHOBb ONpejeneHHOM NonpaBKOM 3a HaK/IOHHOe 3aneraHune
(0603Ha4eHns 1 HanpaBneHusa cm. B Tabn. )
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1 Magyaregregy Mariagyid |Uppe’

2 Magyaregregy Tithonian - Harkany
3 Magyaregregy Berriasian
U Zobak

3 Harsany 3

U Beremend Lower
Cretaceous

Fig. 13. Palaeomagnetic directions for the South Transdanubian Upper Jurassic and Lower
Cretaceous sediments (see Table I1). An upper hemisphere equal-angle projection

13. abra. A dél-dunantali fels6 jura és alsé kréta tledékek paleoméagneses iranyai (lasd. a Il.
tablazatban). Szdgtartd vetilet a felsd félgombrol

Puc. 13. ManeomMarHurHble HanpaBNeHUs HXXHO-3aAYHAWCKUX BEPXHEHOPCKUX WU HUXKHEMENOBbLIX
oTnoxeHuii.(cm. Tabn. Il). Mpoekuus Ha ceTKy Bynbta ¢ BepxHeli nonycdepsl

Age limitation for the first, anti-clockwise rotation are as follows. The
youngest sediments displaying pre-rotational pole directions (first group) are the
Beremend grey limestones (Table Il) placed into Barremian-Aptian [Vadasz
1960], Aptian [Majzon 1966] or Lower Albian [Fuisp 1966]. According to
Futep [1966] the presence of Orbitolina beremendensis and absence of Orbitolina
lenticularis is the basis for the qualification as Albian. The first species has been
newly described from this quarry by Menes [see in Fuirep 1966]. Later he has
found that O. beremendensis is the same as O. minuta which is known from
Upper Aptian and Lower Albian strata, and limestones of the Beremend quarry
are of Late Aptian age [Méhes, pers. comm.]. Consequently, the lower age limit
of the rotation must be placed within the Late Aptian. In agreement with this
statement, all Mecsekian lavas of Hauterivian and Valanginian age exhibit the
same pole direction. Accordingly, the first rotation must have taken place in
post-Aptian time.

Only subvolcanic rocks are post-rotational. Solely the fact that the second
group arose after the tilt correction proves that these rocks were intruded before
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Present Late Cretaceous Early Cretaceous
j Present Cretaceous F Palaeomagnetic
I meridiar meridian I pole direction

Fig. 14. Three positions of the South Pannonian domain with the Late Jurassic to Early
Cretaceous (J) and Middle Cretaceous (K) palaeomagnetic directions. J= 14° (present mean
direction for sedimentary rocks of the Mecsek Mountanins and Villany Hills, see Table II. and
Fig. 13), K=94° (present mean direction for the Cretaceous dykes and remagnetized aphtes
within crystalline rocks of the Méragy area: Marton 1984a), Cretaceous meridian = 7°
[Krs 1979]

14. &bra. A Dél-Pannon egység harom helyzete a fels6 jura-alsé kréta (J) és a kdzéps6 kréta (K)
paleomagneses iranyokkal. J= 14° (a mecseki és villanyi tledékes kézetek mai kozépiranya, 1
a Il. tablazatot és a 13. abrat), K =94° (a moragyi kristalyos kézetekben telepiil6 kréta telérek
és atmagnesezett aplitok mai kdzépiranya: Marton 1984a), kréta délkor = 7° [Krs 1979]

Puc. 14. Tpu nonoxeHns HKOXXHO-MaHHOHCKOW eAMHULbI C MO3HEPCKO-paHHeMeNoBbIM (J)
1 cpegHemenosbiM (K) naneoMarHMTHbIMK HanpasneHuamu. J= 14 ° (coBpeMeHHOe cpefHee
HanpaBfeHne Ans ocafodHbIX nopof Meyekckux n BunnaHbwckux rop cm. 6 Tabn. Il n puc. 13)
K =94° (coBpemeHHOe cpefiHee HanpaBneHWe MeoBbIX AaeK W nepemMarHUYeHHbIX anjauToB
cpeay KpucTananyeckux nopof Mopagbckoro 61n0ka: Marton 1984a), MenoBoil MepuanaH = 7°
[Krs 1979]

the folding. The same conclusion has been reached by the analysis of geological
data in Section 2.

The upper age limit for the first rotation can be determined when using a
kinematic model for the second rotation [Balla 1984c] and some geological
considerations. In our opinion, in the situation before the second rotation the
Apuseni—Sredna-Gora (‘banatite’) magmatic belt was straight (Fig. 15). Since
the magmatism commenced here in the Cenomanian [Antonijevic et al. 1974,
Russo-sandulescu and Berza 1979] or Turonian [Cioflica and Viad 1973,
Canovi6 and Kemenci 1975] the situation presented in Fig. 15 must already have
existed at that time. Accordingly, the time span for the first rotation has to be
restricted to the Albian-Cenomanian, i.e. to the 110-95 Ma interval. Such
timing completely excludes location of the Mecsek on the African plate [cf.
Marton 1984a, 1984b] since pieces of the latter, e.g. the Transdanubian Central
Range [Marton and Marton 1983], manifest only about 10° rotation between
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K® 16° 18° 20° 22° 24° 26° 28° 30° 32°

Magura - Marémire” - Szolnok Tectonic domain
flysch belt, folded contour

CeahlSu- Severin e Present

flysch belt, folded - geographical contour
Area Trace of the present
to be consumed of the foredeep

Late Cretaceus Trace of the present
and Palaeogene folding front

magmatic belt

Fig. 15. Tectonic sketch and the Upper Cretaceous to Palaeogene magmatic belts of the
Carpatho-Balkan region in the Early Miocene reconstruction (after Balla 1984c)
Magmatic belts (solid lines): within the Northwestern unit  Peri-Adriatic-North-Pannonian
(Late Eocene to Early Oligocéne); within the southeastern unit ~ Apuseni-Sredna-Gora (Late
Cretaceous to Early Palaeocene). Alp. = Alpine domain. Ap. = Apuseni. Me. = Mecsek,
Bucov. = Bucovinian domain. Getic = Getic + Danubian domains, M= Maramure$ spur

15. abra. A Karpat-Balkan régio tektonikai vazlata és felsé kréta-paleogén magmas ovei az also
miocén rekonstrukciéban (sairra 1984c nyoman)

Magmas 6vék (vastag vonalak): az ENy-i egységen belil - Periadriai-Eszak-Pannon (felsd
eocén-alsé oligocén); a DK-i egységen belil — Apuseni-Szredna-Gora (fels§ kréta-also
paleocén). Alp. = Alpi egység, Ap. = Erdélyi-kdzéphegység, Me. = Mecsek, Bucov. = Bukovinai
egység, Getic = Géta+Dunai egység, M = Maramarosi sarkanty(

Puc. 15. TekTOHMYecKas CxemMa 1 NO34HeMe/I0BO-NaneoreHoBbIe MarMaTuyeckme nosca
KapnaTto-bankaHCKOro permoHa B paHHeMMOLLEHOBON PEKOHCTPYKMM (N0 Balla 1984c)
Marmatuueckne nosca (KUpHble NnHUK): B Npefenax Cesepo3anafHoN eguHULbI
- Mepuagpnatnyeckn-CeBeponaHHOHCKNI (MO3LHWUIA 30LEH-paHHWIA ONUTOLEH); B Npeaenax
HKOroBocTo4HOl eanHULbl - AnyceHCKO-CpeaHeropckuii (Mo3gHUA Mmen-paHHUA naneoLeH).
Alp. = Anbnuiickas eguHuua. Ap. = AnyceHckas eavHuua, Me. = MeuekcKas efuHMLa,
Bucov. = bykoBuHcKaa eguHuua. Getic = leTckas + [yHaickas eguuuubl, M = MapamypeLickue
LInopbl
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the Valanginian and Aptian and only about 35° anti-clockwise rotation between
the Aptian and Campanian-Maestrichtian (Table 111).

Summarizing, palaeomagnetic data for the Mecsekian volcanites manifest
large anti-clockwise rotation which must have occured within the Albian-
Cenomanian time span. Indirectly, it means that the subvolcanic bodies sampled
are younger than Aptian although they are, obviously, older than the folding.
The timing and the angle of the rotation are inconsistent with the location of
Southeast Transdanubia on the African plate. The last question to be examined
is the geological frame of the rotation.

5. Geological frame of the rotation

Previously, it was supposed [Balia 1982] that the Mecsekian Valan-
ginian-Hauterivian volcanism occured in connection with rifting in early stages
of the decoupling of the South Pannonian (Mecsek-Apuseni) domain from
Europe. This process resulted in the opening of a basin of at least partly mafic
crust by the Albian or Cenomanian. Sediments of this Inner Carpathian basin
now form the Szolnok-Maramureg flysch belt of accretionary prism type [Bal-
1a 1982]. On the opposite — European — margin of this basin, teschenites in
the Moravo-Silesian Beskids [Mahmood 1973] mark early (Hauterivian-Barre-
mian) rifting phases of the same opening [Balta 1984a] (Viczian [1971] was the
first to call attention to the petrological similarity between the Silesian te-
schenites and the Mecsekian Cretaceous volcanites). The Inner Carpathian
basin as a bay on the southern margin of Europe existed until the beginning of
the Neogene and was closed during the clockwise rotation of the South Pan-
nonian domain in the Miocene [Balla 1984c, 1985, 1986a, 1986h].

The above analysis has revealed a possibility to relate the first, anti-clock-
wise rotation of the South Pannonian domain to its decoupling from Europe
and to confirm that this decoupling took place, indeed, in the Albian-Cenoma-
nian and that former conclusions have remained valid. Accordingly, we suppose
the following succession of events:

1 In the initial situation (Late Jurassic) the Mecsek domain was close to
the Moravo-Silesian Beskids somewhere in what is now the Danube-Raba
lowland. They were situated on the southern margin of the European continent.
The Beskids were in a position rotated by about 70-75° clockwise (Z>= 294°,
1- 62° [Krs 1981]) relative to their present position (mean Cretaceous meridian
for the area of their probable location: 6-7° [Krs 1979]). The rotation of the
Mecsek is negligible although they could be situated north of their present
position.

2. During the Valanginian-Aptian, rifting of the European margin was in
progress with no significant rotation of neighbouring domains and, probably,
with insignificant extension but with strong alkali basalt volcanism in both the
Beskids and Mecsek areas.

3. In the Albian-Cenomanian, the rift was opened and the South Pan-
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nonian domain was decoupled from Europe being rotated anti-clockwise by
about 75-90° according to palaeomagnetic data, or more (by about 100°)
according to our kinematic model [Ba11a 1984c]. Since the magmatism could
have lasted during the rotation and have stopped synchronously with it, the
sampled bodies were probably formed before the end of the rotation. The angle
difference, therefore, cannot be considered as a contradiction.

4. Beginning with the Turonian, the South Pannonian domain was integral
with the Bucovinian and Getic domains. They had all become integral with
Europe by the end of the Eocene although during the Senonian and Early
Palaeogene they were probably not far from it depending on the magnitude of
compression of the Balkanids during this time interval.

5. In the Miocene, the western part of this area, i.e. the South Pannonian
and the South and East Carpathian domains, suffered compression and turning
towards the north and northeast with large clockwise rotation but without
interrupting direct connections with Europe [Balla 1984c, 1985, 1986a, 1986b].
At the same time, the Moravio-Silesian Beskids were rotated in the opposite,
anti-clockwise direction together with the North Pannonian domain [Balla
1984c] and suffered additional rotation in the same direction due to detachment
from their European basement and formed the present nappe structure [Krs et
al. 1979].

Summarizing, the first rotation of the South Pannonian domain was con-
nected with the opening of the Inner Carpathian basin [sensu Balla 1982], its
second rotation was due to the closing of the same basin. The similarity in the
positions of the South Pannonian domain before the first and after the second
rotation demonstrates the close position of the poles of rotation. Their deter-
mination would be possible in the frame of a widespread kinematic analysis but
this is beyond the scope of this work.

6. Conclusions

The principal problems with the Mecsekian Cretaceous volcanites arise
partly from the absence of the upper part of the sequence due to erosion and
partly from the limited knowledge on the relationships between the subvolcanic
and volcanic formations. As for the palaecomagnetic data, these are insufficient
to enable us to reconstruct continuous temporal change of the pole directions.
In this work we have tried to compensate for the insufficiency of data by taking
into account various considerations and speculations.

Some of our conclusions only support those made by previous inves-
tigators: the forming of all magmatic bodies before the folding, longer duration
of the magmatism than can be directly deduced from stratigraphic data, anti-
clockwise rotation of the area in the Cretaceous. Other conclusions throw new
light upon the interrelations between the magmatism and palaeomagnetic rota-
tion. The main conclusion is that the Mecsek had been integral with Europe
until the Early Cretaceous - as is known from palaeobiogeographical data
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[Geczy 1973a, 1973b, verses 1977, 1984]™ and was decoupled from Europe
by means of anti-clockwise rotation in the Albian-Cenomanian. This con-
clusion emphasizes the importance of the kinematic causes of such rotational
decoupling and this problem can be solved only by means of a wide-ranging
analysis.
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A MECSEK HEGYSEG KRETA IDOSZAKI (ORAMUTATO
JARASAVAL ELLENTETES) ELFORDULASANAK ELEMZESE:
PALEOMAGNESES ADATOK ERTELMEZESE A FOLDTANI ISMERETEK TUKREBEN

BALLA Zoltan

A tanulmany a Mecsek hegységre vonatkozé eddigi foldtani eredmények elemzésével ramutat
arra, hogy a Mecsekben nincs alapja az orogenezisnél fiatalabb kréta kora vulkanitok feltételezésé-
nek. Ugyanakkor egyes szubvulkani testek valoban fiatalabbak a felszini vulkanitok nagy részénél,
s okunk van feltételezni, hogy a mecseki kréta vulkanossag a szenonig tartott, bar a barréminél
fiatalabb kréta dsszleteket az er6zi6 elpusztitotta.

A paleomagneses adatokat két rotacid feltételezésével értelmezzilk, amelyek kozil az els6 a
krétaban tortént és az 6ramutat6 jarasaval ellentétes irany( volt, mig a masodik a miocénban
jatszodott le az 6ramutat6 jarasaval egyezd iranyban. Ezek kolcséndsen kompenzaljak egymast,
Ugyhogy a krétanal idésebb képz6dmények gyakorlatilag nem mutatnak elfordulast Eurépahoz
viszonyitva. Foldtani adatok és kinematikai megfontolasok alapjan az els6 elfordulas az albai-ceno-
mani id6szakra rogzithet6. Ez a kor és az elfordulas szoge kizarja annak lehet6ségét, hogy a Mecsek
az afrikai lemez részeként fordult volna el.

Az els6, 6ramutato-jarassal ellentétes elfordulas vezetett a Mecseknek Euréparél valé levala-
sahoz és ezzel a bels6-karpati medence felnyilasahoz. Az als6 kréta alkali bazalt vulkanossag mind
a Mecsekben, mind a Morva-Sziléziai Beszkidekben e felnyilas kezdeti szakaszait jelz6 riftesedéshez
kapcsolhatd. A masodik, 6ramutato-jarassal egyez6 elfordulds e medence bezarddasat eredmé-
nyezte.
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AHANN3 MOBOPOTA MEYEKCKWX IOP (lIOFO-3AMAL BEHIPU) B MENY
MPOTVB YACOBOW CTPEJIKV: MHTEPMPETALMNA MAJIEOMATHUTHbIX OAHHbIX
B CBETE M'EO/IOMTMYECKWNX 3HAHUN

3ontaH BANNA

MyTeM aHanu3a onyGMKOBaHHbLIX re0N0rMUYecKUX MaTepnanos AenaeTcs BbIBOA O TOM, YTO
HET OCHOBaHWIi ANs NPeAnoNoXKeHMs CyLLeCTBOBaHNS B MeUeKCKNX ropax MenoBbiX BY/IKAHUYECKUX
nopoj4 MOMIOXe oporeHesa. B To e Bpems 0TAe/nbHble Cy6BY/KaHUUCCKME Tena [eiCTBUTENbHO
MonoXe npeobnajatolleil Macchbl ByKaHWYECKUX 06pa3oBaHmii, U eCTb OCHOBaHWUA Npeanonaratb,
UTO MENoBOI BYNKaHM3M MeUeKCKUX rop MPOAO/KANCSA [0 CEHOHA, XOTS BY/KaHUYECKWE TOMLLM
MOMOoXe 6appeMCKOro Beka YHUUTOXeHbI 3p0o3ueit.

ManeomarHuUTHbIE flaHHble WHTEPNPETUPYIOTCS Ha OCHOBE MpeAcTaBneHUs O [BYX NMOBOPO-
Tax, OAMH U3 KOTOPbLIX MMEeN MecTo B Meny B HanpaBneHWW MpOTWB YacoBOW CTPENKW, a BTOPOIA
- B MMWOLEHe, N0 YacoBOK CTpenke. STW MOBOPOTLI B3aMMHO CKOMMEHCUPOBANU ApYyr Apyra, Tak
uTO IOMENOBble 06pPa30BaHWA He MPOSBASIOT MOBOPOTA MO OTHOWeEHMIO K EBpone. Ha ocHose
reoNornyecknx faHHbIX N KNHEMATUUECKMX COOGPaXKeHMIA NepBblii MOBOPOT MOXET GblTb OTHECEH
K a1b6CKO-CEHOMAHCKOMY BpeMeHW. STOT BO3pacT COBMECTHO C Yr/IoM MOBOPOTa WCK/OYaeT
BO3MOXHOCTb TOF0, YTO Meuek NoBopauMBancs B KauecTBe YacTu AQPUKAHCKOW MAUTI.

MepBblii NOBOPOT MPOTWB YaCOBOW CTPENKM NPUBEN K OTLLENEHNI0 MeueKcKoi eauHuLbl OT
EBpONbI U TEM CaMbiM - K PacKpbiTUiO BHYTpuKapnaTckoro 6acceiiHa. HUXHEMeNoBoM LenouHo-
6a3anbTOBbIA By/NKaHW3M Kak B Meuekckux ropax, Tak v B MopaBo-Cunescknx Beckugax MOXeT
6bITb CBA3aH C pPUBTOO6Pa30BaHNEM, OTMEUAIOLLMM HaYaNbHbIe CTaNM 3TOr0 packpbITus. BTopoii
MOBOPOT MO 4acoBOM CTpesiKe NpUBE/ K 3aKPbITUIO TOTO e GacceiiHa.
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BOOK REVIEW

Intrinsic GeOdesy by Antonio M arussi

Translated by W. 1. Reilly.

Springer-Verlag Berlin Heidelberg New York Tokyo
1985. 7 figures. XVII + 219 pages.

ISBN 3-540-15133-8

The volume is a collection of papers presented by the late A. Marussi in
the period of 1950-1984. This is the first time that many of the papers are
published in English translation.

The papers are edited into seven chapters, appendix by the translator and
bibliography.

To present the contents of the first six chapters here are the most authentic
words of the author; written in the introductory remarks of the book.

“The first chapter, entitled Fundamentals of Intrinsic Geodesy comprises a
set of papers in which the foundations of Intrinsic Geodesy are given, making
use of the natural observable coordinates latitude, longitude, and geopotential
for which the fundamental metric tensor, the coefficients of connection, and the
structure of the coordinate lines and surfaces are given.

The so-called first fundamental problem of Geodesy, of transfering the
coordinates from one given point to another, is solved in three-dimensional
space.

Application of the methods of intrinsic geodesy is also made to the study
of the microgravitational field (the tidal field) of a satellite, or of a spacecraft
in inertial motion, including the derivation of Ricci’s coefficients of rotation
which connect the eigenvectors of the tensor surfaces describing the field.

The second chapter, entitled Structure of the Gravity Field and Laplaces
Equation, comprises two papers dealing with the curvature and torsion of the
gravity field and a generalization of the famous Dalby’s theorem which ex-
presses, in an absolute form, Laplace’s equation.

In the third chapter, entitled Principles of Intrinsic Geodesy Applied to the
Normal Reference Field, the general equations established previously are applied
to the case of the reference field endowed with rotational symmetry, e.g.,
Somigliana’s ellipsoidal field. In this case the integrability conditions furnish the
equations for the continuation of the field in space starting from the values
assigned on the boundary surface.

The first fundamental problem of Geodesy for the transfer of the geo-
graphical coordinates and the potential along a given curve is solved. The
fundamental parameters for the ellipsoidal field are computed.

In the fourth chapter, entitled Mapping of the Actual Gravity Field onto the
Normal Reference Field, the correspondence between points of the surface of the
Earth and the surface of an ellipsoid is generalized in three dimensions by
establishing a one-to-one correspondence between points of the actual gravity
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field and points of the normal ellipsoidal reference field, assuming that the centre
of mass of the Earth coincides with the centre of figure of the ellipsoidal field.

A procedure for the adjustment of geodetic networks in the three-dimen-
sional ellipsoidal model space is also given which generalises the method of
variation of coordinates as used in the adjustment of bidimensional networks
applying conformal representations.

One paper is devoted to the problem of conformal representations in the
three-dimensional space. It is shown that it is impossible to introduce in confor-
mal space a system of orthogonal coordinates having the tranforms of the
equipotential surfaces as one of the families of coordinate surfaces.

In the fifth chapter, entitled Mapping Between Surfaces, the mapping prob-
lem is approached from the local point of view by assuming that the quadratic
form determining the modulus of deformation is assigned. The various types of
representations are classified accordingly and the alterations induced in the
curvatures are determined.

Some integral properties of the comformal representations relating the
variation of the integral curvature with the flux of the gradient of the logarithm
of the modulus of deformation are given.

In the sixth chapter, entitled Propagation of a Light Path in Continuous
Isotropic Refracting Media, the geometric laws of propagation of a light ray in
a continuous isotropic refracting medium are compared with the properties of
conformal mapping in three dimensions.”

The seventh chapter contains a posthumous work entitled The Motion of
a Free Particle and of a Spherical Pendulum in the Microgravitational Field of
a Gravitationally Stabilized Satellite in Circular Orbit in a Central Field, co-
authored by C. Chiaruttini.

The volume is a remarkable cross section of the scientific contribution of
Prof. A. Marussi to modern theoretical Geodesy. He initiated the treatment of
the Earth's gravitational field by modern differential geometry. His thinking was
motivated by his mathematical training and his practical work as a surveyor and
engineer. Ha wanted to deal always with observed quantities having physical
reality and wanted to use them as direct as possible avoiding any reductions
based on simplifying hypothetical assumptions which falsify the results of the
operations.

The book, partly due to the professional translation, is an excellent treat-
ment of the fundamentals of Intrinsic Geodesy and gives an insight to the
evolution of modern geodesy. It is a very useful study for specialists and
students of geodesy and related fields alike.

Zoltan Szab6
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