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РЕЗЮМЕ

В статье рассматриваются литоклазные системы пироксеноандезитовых горных 
пород центрального и юго-западного участков горы Черхат, а также направленность 
их текстуры. Для изучения текстуры отчасти проводились измерения методом Федо
рова, а отчасти применялся простой статистический метод. Исследования показали, 
что система столбчатого расщепления характерна в основном для лавы, уже не движущей
ся на позднем этапе остывания, на этапе отверждения (текстура без направленности), в 
то время, как расщепление уступами (хотя оно может происходить также только на воз
действие сжатия при остывании), чаще всего наблюдается в лавах, выполняющих значи
тельное ламинарное движение на позднем этапе остывания (различная в параллельном 
и перпендикулярном направлениях ступенчатости но значительная направленность). 
Плоскости среза, образующиеся в пластичном веществе соответствуют плоскостям 
ступенчатости. Первичные литоклазные системы вулканических горных пород определя
ются совместным эффектом условий остывания, зависящих от размеров, формы, темпера
туры массива горных пород, от температуры и теплопроводимости окружающей среды, 
а также движения лав, связанного с углом наклона, вязкостью и степенью пополнения’ 
вещества. По изменениям направленности литоклазных систем можно делать тектони
ческие выводы, в то время, как территориальное распределение типов литоклаза по
зволяет судить о палеогеографических условиях.

Review of relevant literature

Jointing in igneous rocks, especially columnar jointing, has attracted the 
attention of researchers at an early stage. Columns were first ascribed to con
traction on cooling by Raspe (1776). His ideas were further developed by 
Thomson (1863) and Id dings (1886). A mathematical-physical theory 
of columnar jointing was given by Mallett (1863) and Becker (1893). 
The form types of columnar jointing were classified by Tomkieff (1940) 
who distinguished autonomic (regular) columns and heteronomic ones (pseudo
columns). In the former, each joint is a common face of precisely two columns, 
whereas in the latter there are transcurrent joints belonging to more than two
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in this “Basaltgeologie” gave just a morphologicalcolumns. К 1 ü p f e 1 (1952 in this “Basaltgeologie” gave just a morphological 
classification of forms of jointing. Szádeczky-Kardoss (1958) stated 
columnar jointing to be typical of relatively thin and extensive sheets of basic, 
low-viscosity magmas; the more isometric masses of neutral higher-viscosity 
magmas tend to present bedding joints or lamination due to cooling in just 
one direction. In acid lavas flow striation is often observed.

The assumption that th? forms of jointing and the movement of the cooling 
melt are related is not very recent, either. Benard (1900) observed the for-
mation of hexagonal cells ol convection in cooling melts. His finding was used 

explain the formation of columnar jointing inby Dauzere (1908) to explain the formation ol columnar jointing in 
basalt. His following incluc ed Glangeaud (1913), Longchambon 
(1913); his opponents suspected the relation between the two phenomena to be
a purely formal one [Sos 
connexion between lava mo

man (1916), S m e d e s, Lang (1955)]. The
ivement and forms of jointing was studied in much

L - - - ' I 1957). He stated regular hexagonal jointing to form
in lava at rest; in flowing lava, where tensions will arise, forms distorted in the 

!Xist. The long axis of the tectonic sum polygon in

detail by Brinkmann

flow direction will come to
cludes an acute angle with the flow direction, as in glaciers. Heteronomic co-
lumns are due to intense distension, i.e. to relatively rapid flow. Brinkmann re

regularities (plagioclase laths arranged parallel to 
surface); still, in his concluding remarks he denied

cognized also some fabric
the dyke wall or to the lava 
any connexion between fat ric orientation and jointing.

The morphological features connected with recent flowing lava were 
first observed by volcanologists [Bergt (1914), Lacroix (1919) etc.]. 
The fact that laminar flow results in an oriented fabric* was proved in a plaster--
of-Taris experiment by P 
tionship between moveme

hilipp (1921). In the clarification of the rela- 
it and form, the correct interpretation of glass-
important role [Eitel (1934)]. The connexions 

between movement and texture in volcanics of various chemical composition
industry melts played an

were analyzed in detail by 
The striation of obsidi 

in laminar-flow surfaces. Ba
= laminites. Accumulation

Philipp (1936).
an from Lipari and Milos is due to crystallization 
saltic rocks with similar features are called venites = 
of volatiles in shear planes (distension = pressure

decrease) results in an aubopneumatolytic mineral assemblage. Bedded and
laminated rocks are forme 
in the last stages of solid

1 like the laminites out of lavas in violent motion
jfication, but whereas in laminites some chemical 

in laminated “stratified” rock the movement re-differentiation takes place
suits in a purely mechanical ordering and in shear. Columnar jointing develops
in lavas at rest.

Bernauer (1936- 38) distinguished three forms of lava movement in 
the order of decreasing temperature: (1) turbulent flow, (2) laminar flow, (3) 
block displacements, planar slip, faulting. He emphasized the identity of forms 
due to cooling and flow in laminated “stratified” volcanics. With advancing 
lamination, sigmoidal joints (Tildenspalten) turn into plane glide surfaces, 

the conditions also of contraction. Bernauer gavewhich subsequently meet

* By orientation we shall m 
is expressly stated.

ean preferred orientation throughout, except where randomness
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on the basis of his observations on Mt Vesuvius and the Burfjell in Iceland 
the following basic profile for lava flows (from the top downwards):

thickness rock
0— 2 m: top layer of scoria
1 — 2 m: vacuolar lava, often bedded, laminate
1 — 4 m: lava with minute vacuoles; short sigmoidal joints
2 — 25 m: massive lava with extensive shear jointing (Scherfungen),
0 — Im: bottom layer of scoria.

Sander (1948) in his comprehensive treatise on structure denied the 
laminar flow theory of lavas. Provided the lava has sufficient mobility, tur
bulent flow arises, with a statistically regular orientation of whorl axes (struc
tural b axis). Laminar movement (lamination) arises in the last stage of lava 
movement (the stage of solidification) and results in a deformation. According 
to Rittmann (1960), flow in the interior of a lava sheet is laminar. The 
forms of cooling and solidification of the outpouring lava depend on viscosity, 
gas content, slope angle and cooling rate. It is these factors that determine the 
surface features of the lava sheet or volcanic shield, including also its petro
fabric orientation. According to Einarsson (1961), the velocity of lava 
flow according to observations on the volcano Hecla on Iceland is:

goh2 sin a
2 r)

where g is the acceleration of gravity, g is the density of the melt, h is the thick
ness of the lava sheet, a is slope angle and r/ is viscosity. Flow velocity on the 
surface is twice the velocity of advance of the lava flow, which is due to a 
mechanism of movement similar to that of a caterpillar tread. A similar pheno
menon was observed by Vörös (1967) on basalts of the Balaton Highland.

The advance direction of the magma (lava) can be derived from petro
fabric orientation. H. & E. Cloos (1927 — 28) derived the mechanism of 
intrusion of subvolcanic domes of trachyte and andesite from the orientation 
of sanidine and amphibole phenocrysts, respectively. They concluded that the 
connexion between parallel-orientation fabrics and laminar jointing is an in
direct one. Petrofabric studies were lately performed also by Water (1960) 
and Szőke (1966). According to the latter, the general flow direction of the 
lava can be derived from a statistic analysis of the (010) faces of plagioclase 
in andesites. In oriented fabrics, these faces tend to concentrate into a girdle, 
the axis of which (c) indicates the direction of flow. The highest-density pole 
(a) of the girdle of plagioclase plates coincides with the pole of projection of 
laminar parting, or in the case of columnar jointing with the pole of the joints 
perpendicular to the columns. The plagioclase laths in the matrix have a simi
lar orientation, except that the poles are evenly distributed all over the girdle. 
Buda (1966) emphasized some differences between fabric orientation in 
volcanic and subvolcanic rocks. Schminke (1967) derived flow directions 
from the shapes and arrangements of vacuoles in vacuolar lava sheets.



Árkai, P.

Petrofabric anal; ^sis of Cserhát Hills pyroxene andesites

The aim of the petrofal ric work in point was on the one hand to look for
possible connexions between
west Cserhát volcanics, and 
the existence and nature of 
a palaeovolcanological and 
actual performance of petr

structure and jointing in the Middle and South-
on the other to collect some evidence concerning 
oriented fabrics which should serve as a basis for 
palaeogeographical evaluation. It was during the 
□fabric measurements that the perspective of a

possible clarification of the g metic relationship suggested earlier by Philipp 
(1936) between petrofabric orientation (lava flow) on the one hand and parting 
types on the other opened i p.

For a summary description of the Cserhát Hills volcanism the reader is 
referred to Árkai (1968) We call “amafic” those andesites which contain
very few pyroxene phenocrysts or none at all (the earlier term for them was
andesite with microlites of г 
volcanics of the Cserhát for

ugite). It may be stated in summary that (1) the 
ming the subject of this paper correspond to the

middle andesite group of the Mátra, more precisely to a marginal facies of the 
same, (2) the andesite dykes and lava flows are contemporaneous and can 
readily be parallelized, (3) tl e substantial similarity of features between Mátra 
Mountains and Cserhát Hills volcanism suggests a similarity of origin as re
gards geological conditions and time of eruption, although there is a difference
in the location of the centres 
the eruptions.

of eruption, and in the volumes and intensities of

Joint analysis

At each sampling locality (quarry) we have measured 90 to 200 joints and 
plotted the results on a lower-hemisphere Schmidt net. Each stereogram repre-
sents the plot of a single loca 
of bronzitic augite andesite

ity. Figs. 1 to 8. represent the typical joint systems 
and amafic andesite. The types of joint systems

and the statistical paramete's of the orientation are summarized for pyroxene 
andesite rocks in Table I.

The dykes of the area are characterized by three mutually orthogonal
sets of joints (parallel and perpendicular, respectively, to the dyke wall and 
parallel or perpendicular to he ground surface at the time of origin). The only 
exception is the bronzitic augite andesite dyke of Bercel-Bér where columnar
jointing perpendicular to the 
(1936) the solidification of a

wall of the dyke reflects according to Philipp 
melt at rest.

The situation is less sin 
quite substantial differences
the one hand, and between v 
the other. The sheets of brou:

pie in the case of lava sheets and flows: there are 
between the various types of volcanic masses on 
arious portions of one and the same lava mass, on
zitic augite andesite (Ecskend Plateau, Nagy Hill

at Bér) exhibit columnar jointing (irregular five- or six-faced columns, locally
twisted: transitions between 
rock is massive on Nagy Hil , 
perpendicular to the column

I autonomic and heteronomic columnarity). The 
, vacuolar on the Ecskend Plateau; the flattening 
axes of the vacuoles suggests a slow laminar mo-

vement (deformation) in a lane stage of solidification. The bronzitic augite ande-
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Ecskend Plateau, SW Cserhát Hills. Projection on the lower hemisphere. One percent contours
Fis?. 1 to 4. Stereograms of the columnar joint systems of a bronzitic augite andesite shield.

site bodies of the northeastern part of the Western Cserhát are characterized 
by laminar jointing.

In the amafic andesites, a considerable variety of forms of parting is 
observed. The small-size amafic andesite lava flows of the Ecskend Plateau 
exhibit a blocky (columnar-blocky) jointing, whereas in the Middle Cserhát 
the shield fragments of the monogene fissure volcanoes of Bercel and the Szanda 
are columnar (regular five- of six-faced, seldom heteronomic or twisted). In
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Fig. 7. Stereogram of joint system of amafitic 
andesite lava flow, Ecskend Plateau, SW
Cserhát Hills, sampling locality III/2 —3

Fig. 6. Ibidem, sampling locality IC/4

N

S

Fig. 8. Stereogram of amafic andesite flow 
of laminar jointing, Buják quarry

(Rózsakút)

the eastern part of the Middle Cserhát an extensive but relatively thin body 
of amafic andesite composer of several lava flows exhibits laminar jointing, 
the individual flows agree w th the profile given by Bernauer (1936 — 38).

Vacuolar andesite is locally laminar, most often blocky; block size may 
exceed 2 m. The orientation of elongation of the vacuoles varies from one block 
to the next, which may be due to the disruption between blocks; the phenome
non itself reminds of the gas-saturated viscous block lava of Rittmann 
(1960).

The massive microandesites exhibit bedded and laminar types of jointing. 
The beds seem to hug the underlying palaeorelief. In the microandesite flows
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of the Ecskend Plateau, there are portions combining laminar and columnar 
forms, with S-shaped columns at the middle of the lava body, indicating that 
the central part of the flow vas the last to come to rest. The origin of the upper 
scoriaceous level in the microandesite sheets is due to a degassing prosess near 
the top of the ancient lava body. It corresponds to Rittman’s medium-viscosity 
“Brockenlava” type.

Orientation of fabrics

The manifold forms of jointing observed in the pyroxene andesites of the 
Cserhát volcanic complex tend to confirm the opinion of Vadász (1967) 
that the jointing of volcan c rocks cannot in its often staggering variety be 
satisfactorily ascribed to tie cooling process alone, and that a detailed ana-
lysis of causes and effects is still lacking. This is why I set myself the task of 
studying the connexions between lava movement and jointing. To establish 
the direction of movement,
work carried out'so far [S

I had to rely on petrofabric examinations. Similar
őke (1966), Buda (1966)] revealed a parallel 

orientation of crystals in the latest stage of flow just preceding the final conso
lidation, as well as slip along planes parallel to the laminar jointing and per-
pendicular to the column axes. Whorls indicating turbulent flow at higher
temperatures are restricted to the proximity of the centres 
[Kubovics (1966)].

Petrofabric investigation methods as applied to the study 
include the following.

of eruption

of lava flow

(1) The method of S z őke (1966) and Buda (1966) is based on the
universal-stage determination of the orientation of the (010) faces of plagio
clases. My stereograms of the petrofabric orientation of a few characteristic

. 9. and 10.rock types are shown as Figs

Fig. 9. Stereogram of orientatior of (010) 
faces of plagioclase phenocrysts n amafic 

andesite with bedding joints (Fila^oria Hill) 
One percent contours

Fig. 10. Stereogram of orientation of (010) 
faces of plagioclase phenocrysts in bronzitic 

augite andesite of columnar jointing 
(Ecskend Plateau) One percent contours
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The poles of 250 to 350 grains measured in three mutually perpendicular 
oriented sections have been plotted on a lower-hemisphere Schmidt net. The 
results agree with those of Szőke. In a rock of laminar jointing the plagioclase 
phenocrysts are arranged parallel to the joints (maximum perpendicular to the 
joint plane); the girdle axis is parallel to the flow direction, the distribution 
of poles over the girdle is uniform. Orientation is less pronounced in rocks of 
columnar jointing. In a sample from a 25 m thick volcanic shield of the Ecs- 
kend Plateau, orientation is rather weak and perpendicular to the column axes, 
whereas in the remnants of the thicker (100 to 200 m) andesite shields of the 
Szanda and Bercel, in the bottom portions close to the contact with the floor, 
the plagioclase phenocrysts are parallel to the column axes. This may be due 
to a gravity-induced slow sinking of the phenocrysts in a melt slowly cooling 
while at rest.

Owing to the complications of three-dimensional orientation statistics and 
to the large number of necessary measurements this method is little suited to 
the determination of quantitative parameters of orientation and to a quantita
tive comparison of a large number of samples on the basis of the parameters 
thus obtained.

(2) A rapid method introduced somewhat earlier [Árkai, (1967), 
Dienes (1967)] possesses the advantage that measurements of orientation 
performed under a simple revolving-stage microscope on suitably selected 
equivalent planes yield data accessible to a fairly simple mathematical treat
ment: also, the required number of measurements is less (200 to 250) and the 
results are suitable for comparison. As far as lava (magma) movement is con
cerned, planes that can be considered as equivalent are those parallel to the 
ancient surface or contact in the case of lava sheets or flows, parallel to the 
dyke walls in the case of dykes, and perpendicular to the column axes (planes 
of lamination). Sections perpendicular to these planes and oriented in the 
direction of the girdle maxima (i.e. perpendicular to the banking and parallel 
to the column axes) form another equivalent set. It is in these two sets of planes 
that I have measured the orientation of the long axes of plagioclase phenocrysts 
on the one hand and of plagioclase laths in the matrix on the other. The results 
are plotted in frequency histograms of 10° unit division. The parameters of 
orientation computed from these data were the mean square deviation from 
the mode of the distribution and the deviation from the arithmetic mean. 
The distribution of orientation for these mineral grains is nearly normal; 
skewness varies in the range ±0,5 and scatter is practically equal to the mean 
square deviation from the mode.*

The orientation parameters of the fabrics and jointings of the main types 
of volcanics of the Cserhát region are shown in Table I. The results seem 
to justify the following general conclusions.

(1) The deviation between the orientation parameters of rocks with la
minar and columnar paring as measured parallel to the lamination (in the first 
case) and perpendicular to the column axes (in the second) is relatively slight 
(^columnar/^banked = 1,20).

* In the ease of a fabric of wholly random orientation (having the same number of data 
in each division) scatter is <5 = 52.0; if all measurements fall within the same division, scatter 
is ö = 0.
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(2) The deviation in о dentation is highly significant between sections
perpendicular to the lamination and parallel to the column axes, respectively. 
Whereas in samples of laminar jointing öA/ő± = 1.30, this same ratio is 1.00 
to 1.06 in the case of columnar jointing; greater values are due to the vertical
orientation of plagioclases (dlie to gravity-induced sinking in a melt at rest).

(3) The orientation of plagioclase laths in the matrix exhibits similar rela
tionships.

(4) A comparison of the orientation parameters of the phenocrysts and 
the matrix shows that the phenocrysts are more markedly oriented. The dif
ference is presumably due on the one hand to the slowing down of lava move
ment at the time when the
other, to causes to be expounded in point (5) below.

crystals were forming in the matrix, and, on the

(5) As regards orientath
orientation of the matrixes 
andesites containing phenoc:

on in the various types of rock, the pronounced 
of microandesites, by far exceeding those of the
■ysts, is most remarkable. This may be due partly

to the fact, that microandeOtes being the last products of the volcanic cycle,
slope angles were at this lat 
on the average than earlier.

5 stage of evolution of volcanic structures greater 
On the other hand, a relatively complete ordering

by lamination could in the ; ate stages of solidification develop more easily in
a melt not containing phen: 
phenocrysts, forming a fram: 
ing by lamination of the ma :

In profiles across subvo ,

acrysts than in normal andesite melts where the 
ework, could to a certain extent inhibit the order- 
;rix.
canic or volcanic bodies of rock, variation in orien-

tation will shed some light о a certain details of lava movement.
Fig. 11. shows this variation in a profile perpendicular to the wall of the

bronzitie augite andesite dj 
between the sections perper 
Orientation is most pronoun.

ke of Bercel-Bér. The difference in orientation 
dicular and parallel to the column axes is minimal, 
ced near the dyke wall, where besides the colum-

nar jointing there are also joints parallel to the wall. Orientation distribution 
in the amafic shield remnant of the Szanda is shown in Fig. 12. Pronounced
orientation is restricted to 
the columns are irregularly 
of the ancient lava body :

the central portion of the rock body, where 
twisted, bent and laminated. The bottom part 
and its actual top part exhibit five- and six-

faced regular columns whose fabric is practically unoriented. In the bottom 
portion one observes a vertical orientation of plagioclase plates (gravity sett
ling effect). In the amafic andesite flows of the eastern part of the Middle
Cserhát, profiles similar to
n a u e r’s paper (1936 — 1 

In bedded lava flows,

the one described as typical on p. 5 of В e r -
;8) could be observed (Figs. 13., 14.).

slides parallel to the bedding rather widely
differ in orientation from s ides perpendicular to it. It is in the lava flow of 
Filagoria Hill that the uppe' scoriaceous, degassed layer is most pronouncedly 
oriented. The profile of the Buják quarry presents a more complicated picture.
Under the degassed scoriace
is a blocky lava with vacuo 
degassing process. Undernes

ous lava crust, looking like an agglomerate, there
, es distended in a vertical direction, reflecting the 
th this latter there is a thin layer of laminate an-

desite underlain in turn by a thick-bedded horizont with sigmoidal joints 
Further downwards one encounters an alternation of thin- and thick-bedded
andesites. The best őrien tec part of the lava sheet is the horizont with short
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Fig. 11. Change of orientation in a 
transverse profile of the bronzitic augite 

andesite dyke of Bércéi —Bér

Fig. 12. Change of orientation in a vertical profile 
of the amafic andesite shield of the Szanda

Fig. 13. Change of orientation in a vertical profile of the amafic andesite flow of Filagoria Hill
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Fig. 14. Change of orientation in

shear joints and the lower thic 
vacuolar portion, orientatior 
pendicular to the bedding.

In summary we may sta ;

30 co so é

a vertical profile of the amafic andesite flows of Buják

■k-bedded andesite. In the uppermost scoriaceous- 
is almost identical in slides parallel and per

;e that primary jointing in a volcanic rock is due
to the joint influence of a set of factors including the size, shape and temperatu
re of the magmatité body, its rate of cooling (depending on the temperature 
and heat conductivity of the lost rock), and the nature of its displacement (as 
determined by slcpe angles viscosity, gas content and material supply), 

f contraction purely by cooling, whereas laminar 
jointing appears as a result of a combination of displacement (shear) and con-
Columnar jointing is a result c

traction (cooling) in a lava sti 1 in motion in the late stages of cooling (although 
it might form as a result of pure cooling, too). Of course, there are any number
of transitions between these
some lamination (as proved bj

two types. Even columnar structures may show
the shapes and distribution of vacuoles) Twistedr 

bent and otherwise distorted columns and columns with cross-sections elongated 
— -- — d „1— ,г lect some movement. More intense deformationin a certain direction also re
by lamination produces short sigmoidal joints from which a bedded structure
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due to shear can readily be derived. Blocky parting can be of various origin. 
In dykes it comes to exist as a result of cooling from several directions and a 
simultaneous tectonic stress (compression) (the slightness of orientation sho . 
this to have happened largely at a late stage of solidification in a hardly moving 
melt) Blocky parting in volcanic rocks occurs primarily in lava sheets of small 
size, but orientation in such blocks is intense, as a result of cooling from several 
directions and intense lamination.

Geological conclusions

(1) The orientation in space of the surfaces of parting depends on the posi
tion of the original lava surface and contact surface (on the position of the 
dvke wall in dykes) and, of course, also on subsequent displacement. Hence, 
from the primary jointing the position of these surfaces can be inferred even 
in poor enough exposures. The first to draw conclusions concerning volcano 
structure from the dip of bedding was S z á d e c z к у - К a r d о s s (1958). 
In rock of columnar jointing it is the planes parallel to the column axes that 
play the role equivalent to the surfaces of bedding. In dykes the orientation 
of the joint system permits to reconstruct the dip and strike of the dyke wall.

Fig. 15. Change of orientation of a columnar joint system in a horizontal profile of the bronzitie 
augite andesite dyke of Bércéi —Bér

Fig 15. shows systems of columnar joints perpendicular to the dyke walls in 
various parts of the bronzitie augite andesite dyke of Bercel-Bér The deviations 
of the girdles of the joints parallel and perpendicular to the column axes agree 
with the deviations in the strike of the dyke (the dip is nearly constant). I ig. 16.
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represents joint systems i 
Pereshegy. One plane of

measured in a blocky amafic andesite dyke of Szanda- 
,, + “Л ' the Ь1оскУ jointing is parallel to the dvke wall- the

nation Zf tlT ÍT tO The System as a whole permits the determi
nation of the dip of the dyke wall even where it is not exposed.nation of the dip of the

Fig. 16. Changes of orientation of the blocky joint system in a horizontal profile of the amafi. 
andesite dyke of Peres Hill ‘ d11

(2) The regional distr 1 „2___ J 
palaeogeographic and pal leovolcanolog: 
p atterns of superimposec 
first eruptions tended to

bution of the various forms of jointing permits some 
^1C conc]uglons to be drawn The ■ int 

sequences of lava rocks show that the lavas of the 
. Xi , brm shield-hke bodies over a relatively plane substra-
um, whereas the subseque nt eruptions produced lava sheets and flows of smaller 

honzonta! extent and de io mied by lamination, as a result of the gradual build- 
ZJÍZ ™ andesite ^idd forming

Tcskend plateau and the monogene fissure-volcano 
me Szanda and Bercel of the Middle Cserhát were 
a smooth and horizontal or possibly concave relief 
with an exclusively laminar parting in the eastern 

T , — reflect a rather sloping terrain (stratovolcanic tvne)
tmre nZX thH Cserhát the bedded and laminate struc-

■ ' andesite indicates an earlier volcanism (this is sub-
considerations), whereas on the Ecskend Plateau

O XI ГО Cl fhr, ______ J * 4 ii .

the volcanic base of the
shields of the Nagy Hill, 
lavas that had flowed into
The lava sheets and flows 
part of the Middle Cserhát

ture of the bronzitic augite 
stantiated also by chemica^ 
the bronzitic augite andesite was the first’eruption. "Äll 
part of the Middle Cserhát i , , . _, ■ — —-I fo all, the western

• r 1 ■ 13 characterized by shields that issued from monodé
the voIcan°es; its extern part has a stratovolcanic structure wherlas 
the eastern part of the Southwestern Cserhát (Ecskend Plateau) has a nidi-



kJ Bronzitic augite andesiteRecent floodplain deposites

Pleistocene loess

Microandesite

Vacuolar andesite 2 Helvetian Schlier and sandy limestone

Pannonian sans clays 5 Amafic andesite

Sarmatian limestone Andesite tuff and agglomerate

1 j Upper oligocene sandy clay

Lava flow directions

Suggested volcanic centres
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mentary stratovolcanic structure overlying a basal shield of bronzitic augite 
andesite.

(3) The rapid petrofabric analysis of slides parallel to the ancient surface 
permits to determine the flow direction of the lava and to point out centres of 
volcanism. Fig. 17. shows the results of measurements on marginal outcrops of 
the Pannonian- and Pleistocene-coveredEcskend Plateau. The results suggest 
three centres of eruption.
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ON THE OLIGOCENE AND MIOCENE STAGES OF THE CENTRAL 
PARATETHYS AND ON THE FORMATIONS OF THE EGE RIAN 

IN HUNG A RY
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SUMMARY

The author discusses by way of introduction the stage concept and some general problems 
of chronostratigraphy. Starting from his conclusions, he exposes the motives for the new termi
nology and subdivision lately proposed by Czechoslovak, Austrian and Hungarian authors for 
the Neogene of the Central Paratethys. The author outlines the field conditions, lithology, palae
ontological content, faciology and extent of the formations distinguished so far within the Ege- 
rian stage in Hungary, namely those of the formations of Eger, Mór, Mány, Törökbálint and 
Kovácov. He finally proposes the introduction of a new stage, to be termed kiscellian, and pre
sumably easy to distinguish all over the Alpine-Carpathian region.

In 1968, a proposal coordinated by the Paratethys Working Team of the CMNS was made 
concerning a new subdivision of the Neogene into stages in the Central Paratethys area and 
suggesting a nomenclature for these stages. The new proposal and many of its aspects were 
discussed in japeis by Papp (1968), Cicha et Seneä (1968) and В ál di (1968). In 
the present paper, the author wishes to raise some further questions and to make a few comp
lementary remarks.

Necessity of introducing the new stages

The stage is a chronostratigraphie unit: “body of rock strata which is 
unified by representing the rocks formed during a specific interval of geologic 
time” (XXI. Intern.Geol.Congr., Copenhagen 1960, Att.-l, Sec.Ill, circ.ll, p.7.) 
Going into details would be superfluous, as there is an excellent summary given 
by Reiss (1966) on the fundamental principles of stratigraphy in the spirit of 
the Copenhagen congress. Reiss writes. “It is a major goal of stratigraphic- 
research to establish worldwide (or regional, as the case may be) agreement on 
the rank, scope, boundaries, geochronological position, and names of the exist- 
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ing chronostratigraphic uni s of particular value, in order to achieve - if 
possible — a single and uniform standard sequence of consecutive, but mutually 
exclusive, units to which geological events and geochronology could be related
(p. 16).

The establishment of chronostratigraphic subdivisions for restricted, re
gional usage, such as the one proposed for the Central Paratethys, is apparently 

’ ' ” aim stated above of setting up a standard sequenceat cross purposes with the „ .
of stages covering the entire Earth. One is, however, forced to admit that no 
standard stratigraphic subdivision of such an all-embracing, global extent is 
possible as yet either on a wjrld-wide scale or just in respect of the Paratethys.
The reason for the difficulty rf doing so is also clear: the stage boundaries (which 
should be isochronous surfares in principle) are defined by means of lithostrati- 

,nd more efficiently — biostratigraphio interfaces.graphic or — more often
The restricted extent of lit rostratigraphic units in space, the heterochronous 
nature of their conformable or unconformable boundaries are matters of com
mon knowledge. The biosvratigraphic boundaries (datum surfaces) can be 
traced over much more extensive areas and — considering the fast spread
mon knowledge. The bios

of new taxa, instantaneous on a geological time scale — can be considered iso
chronous (the approximation is particularly good in the case of acrozones or
range zones based on evolutionary series). Éven zonal boundaries based on 

л . -» • 1 1 * — - 4- 1 . »л л л л • 4* 1лpelagic organisms can öfte r be recognized only in one or another area of the 
- ’ rcation of climatic or other barriers. Hence, the1Earth, depending on the

recognition of stages is geographically limited in practice, an idea that has found 
• 1 j гч 1 .— _________________________cil-nrrno о a4-.il] v\ri m nri 1expression also at the Cop

visionally in one region w

I mhagen congress: “Many stages are still primarily 
regional in usage and it should be recognized that useful stages may exist pro- 

............... ’ Ach may not necessarily carry the same name or 
coincide in time scope witlr those of another region, (circ.14, p.9). A similar 

by the fourth, Bologna congress of the CMNS in 
of stages as proposed during the sessions in Vienna 

iii 1 1 _ JI -   4- „ 7 li -v-v-i -i 4-n ”
conclusion was stated also 
1967: “Also the succession
and Berne proves to be dif icult to apply beyond certain regional limits.

In respect of the Parrtethys, difficulties are multiplied by the more or 
less complete isolation of |this sea basin, indeed, sometimes by its dissection
into sub-basins: this is th í
to the Central Paratethys

justification for the restriction of the new stages

So far, no regional sti
has been set up for the C 
region were, on grounds о

;ratigraphic system with an idependent terminology 
J antral Paratethys. The Neogene formations of this 

geographical proximity, identified partly with the 
partly (in the case of the Oligocene) with the North Southwest European, and r---- v , ... .

German stages: this is how the well-known Lattorfian — Rupelian Chat-
set of terms wasalian — Helvetian — Tortonian”tian — Aquitanian — Burdi;

fitted to the stages of the Central Paratethys, with new stage names introduced 
only where all hope of co-relation with Southwest Europe was lost owing to 
the complete isolation of he Paratethys (Sarmatian, Pannonian).

The development of correlational methodology has, however, made it clear
often been used with incorrect content, on the basis of 
wrong to speak of “our Tortonian , in case the for- 
assigned to this term are older than the beds of the 

ipiedi-Castellania, or to keep on calling Aquitanian

that the above names have < 
erroneous correlations. It is 
mations in the Paratrthys 
type section of Rio Mazza
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some deposits whose age has been proved to exceed that of the stratotype of 
the Aquitanien . A scientific concept is expected to be unequivocal and dearly 
the tei ms 1 ortoman or Aquitanian must mean the same when referring to the 
Paratethys or Southwest Europe or any corner of the world, namely rocks 
formed within an interval of time defined by the stratotypes. The ambiguity 
of the terms m question was further enhanced by the fact that, precisely owing 
toof correlation, one and the same formation was often placed 
into different stages by various authors. Since the local lithostratigraphic ter 
mmology is also highly lacunary, very few people besides the specialist could 
find then way through the ensuing complicated maze of terms. For instance 
the Budafok formation was placed into the Chattian by Noszky sen., into the 
Aquitanian by^Horusitzky and into the Burdigalian by Csepreghy-Meznerics 
( tatest research has shown this formation to cover approximately the time span 
of the Aquitanian plus Burdigalian.) '

considerin9 stratigraphic units of the
( entral Paratethys as independent stages and to express this state of facts Ъи a» 
appropriate terminology. New stages have to be defined on the basis of strato 
types as postulated also by the fourth Congress of the CMNS- “The new units

V® baSed °n straWPe sections, to be chosen in such a manner 
that the boundaries are on, or close io, biostratigraphic zones.” The new units

-d

(c i ^з)Г“°п from the bo<tom *-•
Egerian. Holostratotype Eger, North Hungary. Proposed by Senes

Arn Í P алР p< B a 1 n' TermmoI°gy used up to now: Chattian, Chatto- 
luitaman, Aquitanian, Upper Stampian; in the publications of the present 

author: Upper Oligocene. pwseim
ЕддепЪигдшп. Holostratotype: Loibersdorf (Niederösterreich). Proposed 

by Papp, Steininger, Senes, C i c h a. Terminology used up to 
now. lately mostly Burdigalian, earlier Lower Mediterranean, or Aquitanian (ГЛ/Л ' T 1

Ottnangian. Holostratotype: Ottnang (Oberösterreich). Proposed bv 
Pap p S t ein inger, Senes, C i c h a. Terminology used up to now 
lately Lower Helvetian, Helvetian s.str., Upper Burdigalian.

Carpathian. Holostratotype: Slup (Czechoslovakia). Proposed by Cicim 
sind Т е j к a I m 1959. Terminology used up to now: lately Helvetian, Upper 
Helvetian, earlier also Burdigalian for some deeper-lying portions.

Badenian. Holostratotype: Sooss (Niederösterreich). Proposed bv К о 
P T ’f P a P Pr T U Г П г V 8 k У “ 196°- Terminology used up to now 
Mediterranean^’ f°r S°me °f ltS °lder Р°гН°П8 Grundian, Helvetian, Upper

Sarmatian. Holostratotype: Nexing (Niederösterreich). Proposed bv F 
Suess m 1866. x •
, Pannonian. Holostratotype: Vösendorf (Niederösterreich). Proposed bv 
L. 1 e 1 e g d i - R о t h in 1879. 1 y
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Stratigraphic position and principal formations of the Egerian 
in Hungary

Of the stages enumerated above, I shall restrict discussion here to the 
Egerian. Leaving aside the details of research history, lithology and palaeonto
logy, I shall attempt to hold the treatment at its most concise. In Hungary, 
the Egerian includes the Eger, Mór, Many, Törökbálint and Kovácov forma
tions, most of them in their entirety.

Fig. 1. Extent of the formations of the Egerian stage in Hungary

(1.) Eger formation
The best and most widely known disclosure of this formation is in the 

Wind Brickyard of Eger; it is the holostratotype of the stage. Another thoroughly 
studied section of the formation is that of the Nyárjas at Novaj near Eger, 
which latter will be described as a faciostratotype.

The section of the holostratotype (the disclosure of the Wind Brickyard 
at Eger) was described earlier (Báldi 1966). Concerning the section of the 
Nyárjas at Novaj cf. the papers by В á 1 d i et al. (1961) and D г о о g e r 
(1961). Taking into account also the other disclosures of the formation 
(Noszvaj — Nagyimány, Eger — Afrikadülő, Eger— Síkhegy, Eger — X incellér- 
iskola (Verger School), Ostoros —Kerekhegy, the oil wells at Eger, Demjén, 
Bogács and Szomolya) the following comprehensive characterization can be 
given.

The Eger formation falls into four members, respectively four correspond
ing assemblage zones. The members are as follows.

a) Glauconitic, tuffitic sandstone which in the Novaj section and in some 
oil wells includes interbedded Lepidocyclina or lithothamnian limestone.



Central paratethys and formations of the Egerlan in Hungary 23

Thickness 20 to 40 m. Kenawy (1968) demonstrated in it the Globigerina amplia- 
pertura Zone The occurrence of Miogypsina septentrionalis, Lepidocyclina mor- 
дапъ ъъА L. tournouen (D г о о g e r 1961, Báldi et al. 1961) is also of

Furt^rfo^ frequency are Operculina, Heterostegina,
abellipecten burdigalensis, Chlamys csepreghymeznericsae, Megacardita arduini 

Centrum egerense, Diastoma grateloupi turritoapenninica, Pirula condita P 
concinna, Babylonia eburnoides umbilicosiformis, Volutilithes multicostata 
Athleta ranspina. The assemblage is complemented by some solitary corals 
brachiopods, bryozőa and shark teeth. ' " ’

Ъ} Molluscan clay. 50 m thick. This member develops gradually from the 
preceding one. It contains a deep sublittoral-bathyal (120 to 300 m of sea depth) 
forammifera and molluscan fauna, locally with species of Schizaster and fish 
scales. According to Kenawy (1968), it belonas to the rvmvnri
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some deposits whose age has been proved to exceed that of the stratotype of 
the “Aquitanien”. A scientific concept is expected to be unequivocal and clearly 
the terms Tortonian or Aquitanian must mean the same when referring to the 
Paratethys or Southwest Europe or any corner of the world, namely rocks 
formed within an interval of time defined by the stratotypes. The ambiguity 
of the terms in question was further enhanced by the fact that, precisely owing 
to the difficulties of correlation, one and the same formation was often placed 
into different stages by various authors. Since the local lithostratigraphic ter
minology is also highly lacunary, very few people besides the specialist could 
find their way through the ensuing complicated maze of terms. For instance, 
the Budafok formation was placed into the Chattian by Noszky sen., into the 
Aquitanian by Horusitzky and into the Burdigalian by Csepreghy-Meznerics. 
(Latest research has shown this formation to cover approximately the time span 
of the Aquitanian plus Burdigalian.)

All this is a full justification for considering the stratigraphic units of the 
Central Paratethys as independent stages and to express this state of facts by an 
appropriate terminology. New stages have to be defined on the basis of strato
types, as postulated also by the fourth Congress of the CMNS: “The new units 
are likewise to be based on stratotype sections, to be chosen in such a manner 
that the boundaries are on, or close to, biostratigraphic zones.” The new units 
are described in this sense in the series “Chronostratigraphie und Neostrato
typen” (cf. C i c h a et al. 1967).

The new stages are the following, in succession from the bottom upwards 
(C i c h a et Senes 1968, Papp 1968):

Egerian. Holostratotype Eger, North Hungary. Proposed by Senes, 
C i c h a, Papp, Báldi. Terminology used up to now: Chattian, Chatto- 
Aquitanian, Aquitanian, Upper Stampian; in the publications of the present 
author: Upper Oligocene.

Eggenburgian. Holostratotype: Loibersdorf (Niederösterreich). Proposed 
by Papp, Steininger, Senes, C i c h a. Terminology used up to 
now: lately mostly Burdigalian, earlier Lower Mediterranean, or Aquitanian 
too.
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-Roth and N о s z к у sen., and with the Aqui- 
by Gaál and Horusitzky and Senes, 

hattian on the basis of the occurrence of Miogyp-

Chattian by К. T e 1 e g d : 
tanian of Southwest France
D г о о g e r held it to be C ]
sina septentrionalis. My own studies of molluscs have led me to the conclusion 
(Báldi 1966) that' it is contemporaneous with the Chattian stage, the 
“Tongriano” of Cassinelle, the Bellunoand Schio beds and the Escornebéou- 
Peyrere niveau of the Aquitanian basin. This was confirmed by the plankton 
studies of К e n a w у (196 5), who stated the Eger formation to be Oligocene. 
Papp (1968) and C i c h a et Senes (1968) consider the Egerian a tran- 

cene and Miocene. The holostratotype at Eger is,sitional stage between Oligo i . _ _
however, according to all relevant data, Upper Oligocene in its entirety; the 
Eger formation does not pass the Oligocene —Miocene boundary. Besides the 
planktonic and larger foraninifera this is proved also by the molluscs. The
molluscan fauna comprises 23 to 28 percent Oligocene and only 3 to 7 percent 
Miocene species (the rest aie endemic or persistent). It is in the Eger forma- 

the following species, otherwise known as Miocene:tion that there appear first
incomparabilis, Rostellaria dentata, Natcca tigrina,Limopsis anomala, Chlamys

Zonaria globosa, Euthriofusu ? burdigalensis, Strombus coronatus, Athleta ficulina,
A. rarispina.

(2.) Mór formation. Widespread in the Bakony Mountains from Mór to 
m of clayey aleurite and clay, with interbeddings 
at its base, with conglomerate intercalations and 

Zirc, built up of 40 to 400 
of biotitic sandstone and,
stringers or workable seams of lignite (Szápár). It unconformably rests on 
Mesozoic or Eocene rocks, and underlies Pleistocene, or marine Ottnangian and 
Badenian sands or limeston 

Its fauna is of exclusi
ies (Bántapuszta formation).
' )ely fresh-water and oligohaline origin with Brotia 

escheri, Viviparus of. ventricosus, Unio inaequiradiatus, Pomatias antiquum, 
Coretus, Radix, Archaeozonites, Oestophora, Caracollina, Triptychia, Tropidom- 

lostoma as the characteristic forms. There are also phalus, Parachlorea, Stroph 
remains of vertebrates [A 
Amphitragulus (according t

ithracotherium and a recent find of a jawbone of 
э a preliminary identification by Hürzeler)].

This formation is cons:idered Lower Oligocene by some and Miocene by
I a has convinced me, however, that this formation 
most part and consequently Upper Oligocene. The 

others. Recent investigatio 
is Egerian in full or for the
following arguments are adduced:

a) The presence of An phitragulus and Caracollina, Triptychia, Tropidom- 
and Unio inaequiradiatus.
iostoma, Anthracotherium and Pomatias antiquum 

phalus, Pomatias antiquum 
b) Parachlorea, Strop

render improbable the Miocene age of the formation.
c) The formation late: ally passes into the Many formation which by its 

marine fauna is Egerian beyond doubt.
Occurring in the basins of the Vértes and Gerecse(3.) Many formation. <

Mountains, it consists of 100 to 500 m of clayey aleurite and aleuritic clay, 
little-consolidated biotitic fine-grained sandstone, with a few intercalated con

lignite.
on Triassic or Eocene rocks and likewise unconform- 

glomerates and stringers of 
It unconformably rests i

ably underlies Upper Bade lian or Sarmatian clay or limestone.
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Just like the previous formation, this one is also largely known from bore
hole cores. It passes laterally into the Mór formation to the West, into the 
Törökbálint formation to the East and into the Kovácov formation to the 
North-East.

From this formation I have described four assemblage zones, as follows 
(Bál di 1967):

a) Lowermost (Polymesoda) Zone of a dominant brackish-lagoonal facies with 
the species Polymesoda convexa, Ostrea cyathula, Gari protracta, Theodoxus 
pictus, Th. crenulatus, Hydrobia ventrosa, Melanopsis impressa hantkeni, Tympa- 
notonus margaritaceus, Pirenella plicata and Congeria basteroti (“Cyrena beds” 
of early literature). Accompanied by a few limnic interbeddings with Viviparus 
and Brotia.

Ь) Diplodonta Zone. Masses of Taras ( = Diplodonta) rotundatus, Pitar 
polytropa, Cardium bojorum, Turritella venus. This is essentially an alternation 
of shallow sublittoral (1 to 30 m of sea depth) beds and Polymesoda-bearing, 
brackish-lagoonal strata ( = “Cyrena beds”), locally with the dominance of the 
latter. Limnic interbeddings are few and far between.

c) Angulus Zone. Dominant shallow sublittoral facies, with frequent brackish- 
lagoonal interbeddings with Polymesoda. Besides Angulus nysti and the already 
enumerated species of the Diplodonta Zone, the most frequent species are 
Pitar beyrichi, Anomia ephippium, Cultellus budensis, Ensis hausmanni, whereas 
the typical forms Glycymeris latiradiata s.l. and Laevicardium tenuisulcatum 
are more scarce.

d) Incomparabilis Zone. Dominant medium-depth sublittoral facies (30 to 
120 m of sea depth) with scarce shallow sublittoral interbeddings. Lagoonal 
interbeddings are restricted to a few sections. This zone is encountered only in 
the eastern part of the formation area, indicating a transition towards the Tö
rökbálint formation. In the latter this zone is greatly thickened and typical 
of the entire formation. Its more common species are Chlamys incomparabilis 
(= textus), Laevicardium cyprium, Angulus posterus, Cardium heeri, Cardita 
orbicularis subparvocostata, Astarte gracilis degrangei, Cyprina islandica rotun- 
data, Pholadomya puschi, Flabellipecten burdigalensis, Turritella venus, Drepa- 
nocheilus speciosus, Pirula concinna and also Dentalium, Bryozoa wadSchizaster.

The succession of the assemblage zones indicates a transgression. Unfor
tunately, part of the Incomparabilis Zone and its presumable cover (the re
gressive portion of the sedimentary cycle) were eroded during the Lower 
Miocene.

(4 .) Törökbálint formation. Clayey aleurite and little consolidated fine-grai
ned sandstone of 200 m mean thickness, with a few interbeddings of sand. Most 
extensive about Budapest, with lateral passages to the Mány formation to the 
West and the Kovácov formation to the North.

It overlies conformably the Kiscell clay, and underlies likewise conformably 
the Budafok formation. This latter contains the typical Lower Miocene species 
of the Eggenburgian stage (Glycymeris fichteli, Laevicardium kübecki, Pecten 
pseudobeudanti, Chlamys gigas, Ch. holgeri, Ch. palmata, Turritella terebralis, 
Phalium subsulcosum, Galeodes cornuta, Tudicla rusticula, etc.).
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The abundant molluscan 
ject of an earlier description

fauna of the Törökbálint formation was the sub- 
(Báldi 1963, 1964). The most frequent species

are: Nivcula comta, Nuculoma laevigata, Glycymeris latiradiata obovatoides,
Pteria phalenacaea, Chlamys
degrangei, Cardita orbiculari, 
cyprium, L. tenuisulcatum,

•,s

Turritella venus, Drepanoche. 
concinna, Turris laticlavia, T
There are also Bryozoa and species of Schizaster.

incomparabilis, Ostrea cyathula, Astarte gracilis 
subparvocostata, Phacoides borealis, Laevicardium 
itar beyrichi, Angulus nysti, Pholadomya puschi, 
lus speciosus, Polinices catena achatensis, Pirula 
duchasteli, Turricula reguláris, Dentalium kickxi.

The formation is largely of medium-depth sublittoral origin (30 to 120 m 
of sea depth) with fairly numerous shallow sublittoral interbeddings (1 to 30 m).
Indications of brackish and 1 mnic influences are visible only in the uppermost
levels. Common species of these topmost levels are: Glycymeris latiradiata s.l..
Pecten arcuatus, Ostrea cy< 
Corbula carinata, Turritella

fathula, Crassatella carcarensis, Linga columbella.

cata. The occurence of Globi 
collectiva is noteworthy.

According to К e n a w 
Globorotalia opima opima Zo.

Since the investigations 
strata have been considered 
and 1960 they were held to b 
and Senes. Recent invests 
gocene age.

enus, Tympanotonus margaritaceus, Pirenella pli- 
daria gibberosa sanctistephani and that of Egerea

у (1968) the Törökbálint formation belongs to the 
ле.
of Hofmann and Fuchs, the Törökbálint 
equivalent to the Chattian stage. Between 1956 

; Aquitanian by Csepreghy — Meznerics 
ration of the molluscs and plankton proves an Oli-

(5 ) Kovácov formation
200 to 500 m of clayey 

stringers of lignite (especially
It extends north of Bud

aleurite, sand, gravelly coarse sand with a few 
' near the top).
apest from the Pilis Mountains up to the Western

Cserhát Mountains (Dorog Basin, Szentendre — Visegrad Mountains, Eastern 
Börzsöny and Western Cserhát).

It is characterized bj the dominance of a shallow sublittoral fauna (sea
depth 1 to 30 m) (“Pectuncr lus sands” in earlier literature), but there are also 
fairly frequent littoral-brackis.i interbeddings (“Potamides strata”) and sometimes
also lagoonal ones (“Cyrena beds”). The older portions include medium-depth

also limnic and even terrestrial faunae.sublittoral, the younger one 5
This formation overlies the Kiscell clay and is covered by the bryozoan 

limestone and Chlamys sandstone of the Carpathian. In the Cserhát Hills,
however, its cover is the Budafok formation with sands containing Anomia 
and larger Pectinids, together with an Eggenburgian fauna.

The richest locality of the formation is Kovácov in South Slovakia, where
molluscs were described by 
localities are Kesztölc, Do 
Dejtár. The most common t

largely on the basis of the 
vii, Trisidos schafarziki, Give,

Senes (1958). Its more important Hungarian 
nős, Leányfalu, Göd, Pomáz, Diósjenő, Becske, 
nd most typical species of the formation are, 
above localities: Nucula schmidti, Anadára dilu-

Anomia ephippium, Ostrea
•ymeris latiradiata subfichteli, Mytilus aquitanicus,

■yathula, Crassatella carcarensis, Cyprina islandica



Central paratethys and formations of the Egerian in Hungary

rotundata, Taras rotundatus, Cardium bo jorum, Laevicardium tenuisulcatum, 
Pitar polytropa, P. undata, Venus multilamella, Lutraria oblonga soror, Gari 
protracta, Solecurtus basteroti, Angulus nysti, Corbula carinata, Pholadomya 
puschi, Thracia pubescens, Turritella venus, T. beyrichi, Protoma cathedralis, 
P quadricanaliculata, Tympanotonus margaritaceus, Pirenella plicata, Diastoma 
grateloupi turritoapenninica, Aporrhais callosa, Drepanocheilus speciosus, Ros- 
tellaria dentata, Polinices catena, Ampullina crassatina, Globularia gibberosa 
sanctistephani, Bullia hungarica, Babylonia eburnoides umbilicosiformis, Athleta 
rarispina, Turricula reguláris

Proposal concerning the introduction of a Kiscellian stage
The Egerian usually conformably overlies the Kiscell clay. The latter is 

currently held to be Rupelian. A control of the correctness of this assumption 
is a task of the future. It seems desirable, however, to introduce, for reasons 
of coherence, independently of the views on correlation that be, the concept 
of a Kiscellian stage, on the pattern of the new subdivision of the Neogene. 
Its holostratotype would be the best brickyard disclosure of Kiscell in Budapest , 
its faciostratotypes should be designated at Törökbálint and Eger. The lower 
and upper boundaries of the Kiscellian should be dated by planktonic forami- 
nifera, all the more so since this formation is rich in plankton. For its upper 
boundary the cropping up of masses of Globigerina ampliapertura with the 
simultaneous disappearance of Clavulinoides szabói, as described by К e n a w у 
(1968), seems appropriate. Its lower boundary would coincide with the lower 
limit of the fourth. Globigerina-rich assemblage zone of M a j z о n (1966)
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OBERPLEISTOZÄNE TUNDRAPHASEN UND IHRE FEINGLIEDERUNG IM 
PR3FIL MIT ÜBERRESTEN EINER MOUSTÉRIEN-KULTUR AON ÉRD 

BEI BUDAPEST

von 
P. KRIVÁN 

(Geologisches Institut der Eötvös-Universität, Budapest) 
(Eingegangen dem 29. XI. 1968.)

SUMMARY

The Mousterian finds of Érd were embedded in the fill of two Rissian-Würmian valley
heads of parallel axes, sculpted in a Sarmatian limestone. The base of the fill is an autochthonous 
Riss-Würmian red earth. The deposition of the Mousterian remains covered the period from the 
end of the Riss-Würm interglacial to the end of the first, introductory (cryophile) part of the 
Würm! glaciation. The excellent long-range stratigraphic correlation possibilities of the Érd 
locality make the end of this episode contemporaneous with the “Brörup” phase of interstadial 
character. The relationship of the Érd and Tata Mousterian has also been clarified: the Tata 
Mousterian is younger, having come to exist at the end of the Wurm(a phase.

The introductory ice-forming (cryophile) phase of the Wiirm, can be subdivided on the basis 
of the fundamental profile of Tata and even more of the fundamental profile of Érd, whi h gives 
the most detailed subdivision of all, into 11 tundra episodes within the tundra phase “A” (Table 1). 
The introductory phase of the Würm, is trisected by two brief episodes of loess deposition, mark
ing the brief episodes of glaciation preceding the Amersfoort “interstadial” and piai ed between 
the Amersfoort and Brörup “interstadials” (Figs. 1, 3). In the further course of this Würmian 
phase there are four longer tundra phases (“B”, “C”, “D”, “E”). Of these, “D” and “E” divide 
up into three episodes each. The number of tundra phases in the Érd profile is five, with a total 
number of 19 episodes. The stratigraphy of the episodes is given in the comprehensive table.

Die morfogenetische Lage der Talausfüllung

Die die Kulturschichten enthaltende Talausfüllung detritischen Ur
sprungs lagert in einem Taltorso, entstanden entlang von zwei parallelen 
Bruchzonen von NNO-SSW-Streichen. Die dicht nebeneinander liegenden und 
auch in ihrer Entwicklung parallelen Täler, in 18 bis 22 m Länge erhalten und 
durch steile Talköpfe abgeschlossen, sind in die Oberfläche eines plattig-banki
gen Sarniatkalkes eingeschnitten: die obenerwähnten Brüche und auch die 
Talachsen zeigen in die Richtung des Einfallens der Sarmatschichten, und die 
Talsohlen sind mit den Sarmatschichten isoklinal.

Obzwar die Kalkbank an der Talsohle ziemlich massiv war und die Neigung 
der Talsohle bei 6 bis 8° festlegte und auch die in den archäologischen Auf-
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Schlüssen bargelegten und die Talbildung bedingenden Brüche als geschlossen 
gelten müssen (selbst die sichtbaren Bruchspalten sind durch eine aus dem
Detritus des Kalkes bestehe nde und durch eisenhaltige und kalkige Bindestoffe 
zementierte Ausfüllung verstopft), sind an der Talsohle anfängliche Karrfor
men, Karstformen (rudimentäre Schlünde) sichtbar. Diese Karstformen ge
hören zu den Produkten einer kurzfristigen epigenetischen Talentwicklung, 

ckgreifens eines Haupttales (das sich im Streichenwelche von der Zeit des Ri
des Sarmatkalkes, entlang 
Gebirges entwickelte) und :

von NNW-SSO streichenden Querbrüchen des
die dadurch bedingte Köpfung der kleinen Talab

schnitte bis zum Anfang der Talausfüllung dauerte.
Folglich hat die rückgreifende Einschneidung des heutigen Haupttales 

entlang der Querbrüche das einstige Haupttal geköpft und durch die Einteu- 
fung seiner Talsohle in seiner Entwicklung gehindert und endlich zu einem
hangenden Seitental, einem Taltorso degradiert.

Die in ihrer Entwicklung gehemmte, morphologisch in Hängelage geratene 
Talkopfgruppe (heute betragt der Unterschied zwischen den Talsohlenniveaus
8 m) wurde zeitweise durch
gestauten Gewässer hatten

eingeschwemmtes Material verdammt und die auf
de Entstehung rudimentärer Karstformen zur Folge.

Die Weiterertwicklung dieser Formen ist jedoch durch die bedeutend beschleu-
nigte Einschwemmung von Spülmaterial und durch die Auffüllung der Täler 
gehemmt und abgeschlosse i worden.

Später wurde die Talkopfgrunpe mitsamt Taltorsos voll aufgefüllt und 
derart verhüllt, dass H u i у a d i (1962) bei der Bekanntgabe der Vertebra
tenfunde in der Talausfüll mg unter Bezugnahme auf die Zusammensetzung 
der Fauna (Höhlenbär!) búm Anblick der mit einem kalkigen Bindemittel
zementierten Sarmatkalkplitten im Hangenden der detritischen fossilführen-
den Schicht, die sowieso eine dem Einfallen der anstehenden Sarmatschichten 
parallele Neigung aufwiesen, von einer Höhlenbildung, von der Entstehung 
einer Felsnische schreiben connte.

Die Talfüllung und ihre paläoklimatologische Aussage
Die Schichtenreihe der 

teils auto-, teils allochthone: 
Rahmen der Talgruppe hei,

Talfüllung besteht aus detritischen Bildungen von 
m Skelett. Die ersteren stammen vom sarmatischen
, die letzteren aus dem Lösskomplex. Beide Typen 

von Detritus kommen als S celett auch in pleistozänen und rezenten Böden vor.
In ihrer Dynamik sind jedoch die Bodenbildungsprozesse über Sarmatschutt 
denen der Lössböden gleich — eben weil der Löss aus dem sarmatischen Rah- 

hmen konnte — und ist eindeutig rendzinisch ver- 
11 das älteste Glied der Schichtenreihe angeführt 
Waldboden, der, über dem sarmatischen Detritus

men bedeutend Kalk äufne 
anlangt. Als Ausnahme sc 
werden, ein rötlichbrauner
entwickelt und in Fetzen rnd Flecken erhalten, mediterrane klimatische Ein
flüsse erkennen lässt.

Der Skelett der Kulturschichten ist aus dem in Körner zerfallene Ver
Witterungsergebnis des Sí ,
wiegend aus Körner unter

rmatkalkes zusammengehäuft: er besteht über

und 85% und die Dominanz 
Bodenbildung erhalten.

0,1 mm 0. Sein Kalkgehalt schwankt zwischen 75
des Kalkes bleibt selbst in den Eluvionszonen der
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Es soll bemerkt werden dass die Anhäufung dieses Skelettes ein ziemlich 
langsamer Prozess der Üb( reinanderlagerung von Schichten war, der noch
gerade mit der Anhäufung des archäologischen Materials Schritt halten konnte.
Der parallele Fortschritt der Aufhäufung und Eindeckung des archäologischen
Materials war andererseits e n sehr glücklicher Umstand für die feinstratigra- 
fische Gliederung der Schichtenreihe und für die Rekonstruktion der Ereignis -
reihe und der paläoklimatolc. 

Die groben Zerkleinerur;
gischen Entwicklung.
gsprodukte, Steinblöcke des Sarmatkalkes wurden

in die Schichtenreihen der Taltorsos nur in den Tundraphasen eingebaut, ent
lang von eigenartigen, unve •■kennbaren Tundra-Transportflächen.

Abgesehen von zwei dünnen Zwischenlagerungen liegen die Lössbildungen
im Hangenden der Kulturs^
sie als lehmig-aleuritische Lú 
ner in den obengenannten I'

Juchten. Nach ihrer Korngrössenverteilung sind
issabarten anzusprechen, mit etwa 50% der Kör- 
'raktionen. Die Zahl der Körner über 0,1 mm ist

verschwindend klein, höchstens einige %. Diese Ergebnisse beziehen sich auf 
von Kalk befreites Material.

Der hauptsächlich lokal entstandene Kalkgehalt der Lössbildungen
schwankt zwischen 35 und 
Anreicherung.

55%, örtlich mit schwacher Auslaugung bzw.

Die als Skelett der KuLurschichten fungierenden Verwitterungsprodukte
des Sarmatkalkes liegen u n t<:
lichbraunen Boden und über

n mit einer Ablagerungsgrenzfläche über dem röt
dem keine Kulturreste enthaltenden zusammen-

geschwemmten Kalkdetritus, der die rudimentären Schlünde im mittleren 
Talabschnitt ausfüllt. Die Aufschwemmungen des Kalkdetritus sind zuerst 
durch eine kolluviale Ablagerungsgrenzfläche, dann durch neun periglazial-
solifluidale Grenzflächen dei 
durch drei rudimentäre Rene к

a Abtragung und Ablagerung gegliedert, sowie 
[zinalagen (unter den Periglazial-Solifluidalflächen

2., 4., 8.) und zwei Lösschicften (unter den Flächen 5. und 7.)
Die Schichten im Hangmden der Kulturschichten gestatten eine ähnlich

feine Gliederung.
Bei der stratigrafischen Einfügung der Kulturschichten kommt den nicht

zu stark ausgeprägten Solifh idalflächen, welche als kleine Schwankungen inner
halb einer und derselben Tr ndraphase angesehen werden dürfen und folglich
zusammen mit den Lösslagei 
ständige und eingehende G 
chen, eine wichtige Bedeutu 
minimalen Austragung von

n und den Episoden der Bodenbildung eine voll- 
iederung der Zeitspanne ihrer Bildung ermögli- 
)g zu. Diese Solifluidalprozesse haben neben einer 
Material (nicht Durchbewegung!) gar keine Um-

häufung der Siedlung bewirkt, die Herde oder die originelle Lagerung der 
Kulturreste nicht im mindesten gestört. Daraus folgt, dass die Gesamtheit 
der Kulturschichten archäologisch eine einzige und einheitliche Schichtenent-
wicklungsgeschichte im autcchthonen Zustand darstellt.

Die Reihe der Kulturscl achten wird oben durch die Periglazial-Solifluidal-
fläche Nr. 10 abgeschlossen, die auch der Zusammenschwemmung des sarma-
tischen Detritus ein Ende bireitet. Darüber liegen bereits Lössbildungen mit 
mehrfacher tundrischer Umhäufung und Anhäufung (Eislinsen, Eiskeile, Eis-
sacke als Tundraerscheinun 
Ereignisse der letzten Vereis

gen, Solifluidalflächenj, welche die periglazialen 
ingsphase in grosser Auflösung darstellen.
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Zusammenfassend lässt sich feststellen, dass die mediterrane Klimaphase 
vor der Ablagerung der Kulturschichten (rötlichbraune Erde) in eine lang
dauernde ozeanische, feucht-kühle, niederschlagsreiche Phase überging, die 
schwache, aber häufig sich wiederholende subarktische Züge aufweist, und 
zweimal durch kontinentale, kalt-trockene Episoden (Lössbildung) unter
brochen wurde. Diese Klimaphase spielte die Rolle der sog. eisbildenden Phase, 
die der fortdauernden Lössbildung vorangeht und diese einleitet. Wenn wir 
die zwei lössbildenden Episoden dieser eisbildenden Phase ihrer klimatischen 
Bedeutung gemäss als zwei kurze Stadialen auffassen, so sollen die Schichten 
zwischen ihnen einerseits und zwischen der jüngeren und der darauffolgenden 
höheren Lösschicht bzw. die über diesen Schichten vorliegenden begrabenen 
Bodenrudimente anderseits als die Bildungen je einer Interstadiale aufgefasst 
werden.

Abb. 2. Schaubild des Transversalschnittes

Später ist dann die durch die Stabilisierung der Lössbildung bewiesene 
kontinental-kalt-trockene Klimaphase durch eine kurze niederschlagsreiche 
ozeanische Klimaepisode abgewechselt worden, mit subarktischem Klima in 
der Umgebung (Eiskeile); die Lössbildung hörte für längere Zeit auf, und es 
trat die tiefgreifendste tundrisch bedingte Umhäufung der hangenden Schich
tenreihe ein, als Ergebnis einer weiteren subarktisch-tundrischen Klimaphase 
(eine von Tundraphasen eingerahmte Interstadiale: die Tundraphasen schlies
sen einerseits eine Vereisungsphase ab, andrerseits führen sie eine neue Verei
sungsphase ein).

3 ANNALES — Sectio Geologica — Tomus XTT.
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Da die Talfüllung in c en vorangehenden Klimaphasen bereits fast die 
jetzige Höhe des Reliefs erreichte, und Talköpfe und Taltorsos dadurch mor
fologiseh verhüllt worden sind, ergaben die weiteren Klimaphasen nur reduzier
tere, kondensiertere Schichtenreihen. Diese lassen jedoch noch weitere zwei
Lössbildungsphasen (Kontir ental-Trockenklima) und zwei ozeanische Phasen 
mit anschliessenden und ei re weitere Gliederung zulassenden subarktischen 
ozeanischen Phasen (Eiskeile-Säcke, Eislinsen-Eisblättrigkeit) erkennen.

Stratigra Ische Einfügung der Talfüllung

Die durch die oben skizzierte Analyse aufgeschlossene paläoklimatische
lung gestattet istet Kenntnis der Ereignisse des 

! stratigrafische Einfügung der Schichtenreihe. Bei 
Ergebnisse der ungarischen Lösstratigrafie herange- 
। ntalprofile, die die Anfangs- bzw. Endphase der 
'lösung zeigen- der Profilteil für die Anfangsphase 

Ereignisfolge der Talausfü 
Würm in Ungarn auch eine 
dieser Tätigkeit wurden die 
zagen, sowie die Fundame 
Würmeiszeit in grösster Au
aus dem Profil des oberpleistozänen Süsswasserkalkes von Tata und dasfeinst- 
gegliederte Profil der Endphase, die Schichtenreihe der Aueterrassen der Do
nau bei Szekszárd.

Beide Profile sind durc i C1’-Altersangaben kalibriert.

Abb. 3. Transversalschnitt der L( sslauen, die die Anfangsphase des Würm, in der südlichen Tal-

Amersfoc
ausfüllung gliedern (vor der Amersfcort-,,Interstadiale“; zwischen den beiden „Interstadialen1 

rt und Brörup; durch Pfeile angedeutet)

Da Verfasser die Schichtenreihe des Fundamentalprofils von Tata früher 
bereits korrekt eingefügt md mit der aus den Würm-Fundamentalprofilen 
der Niederlanden abgeklär ten Gliederung parallelisiert hatte, ist er nun in der
Lage, auch das Profil von 1 Grd mit dem Tata-Profil zu parallelisieren.

Die Ergebnisse dieser Tätigkeit sind aus der angeschlossenen Tabelle zu 
ersehen.

Danach liegen die Sc lichten mit Mousterien-Kultur, die die Talkopf- 
und Taltorsogruppe von Érd ausfüllen, in der Zeitspanne zwischen dem Ende 
der Riss-Würm-Interglazia e und dem Ende der „Brörup-Interstadiale“.
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Tabelle 1.

Schichtenreihe der Talfüllung 
(Ereignisreihe der Ablagerung)

Bezeich
nung der 

Grenz
flächen der 
Ablagerung

Alter der Schichten

Rendzina Holozän

Eisblättrigkeit und Eislinsen. Ruhende Tund
ra mit Kalkplatten

E.

M 
s

£

Drvas2

Rudimentäre Rendzina Alleröd

Girlandentundra mit Grobdetritus aus Sar- 
matkalk E, DryaSj

Rudimentäre Rendzina Bölling

Tundra mit Eissäcken, mit einer aus Sarmat- 
kalk entstandenen feinkörnigen schwach 
rendzinisierten Ausfüllung

- E, _

Dryas0

Tundra mit Eiskeilen und Säcken mit der 
gleichen Ausfüllung wie oben

D3

Würm2 — Würm3

Rudimentäre Rendzina über mit Sarmatkalk- 
detritus vermengtem Lösskelett

Tundra mit Fissäcken. tiefgreifende solifluida- 
le Umhäufung mit fein- und grobkörnigem 
Detritus und Blöcken von Sarmatkalk

_ 1),

Tundra mit Eiskeilen und Säcken mit aus 
Sarmatkalk entstandener feinkörniger Aus
füllung

D,

Löss Würm 2

Tundra mit Eissäcken, mit Fein- und Grob
detritus aus Sarmatkalk

c
Würm^ — W ürm2

Löss

ö
5

Würm^

Tundra mit Eissäcken, ausgefüllt mit einem 
Gemisch von Löss und Detritus von Sar
matkalk

в
Würmia — Würmjß

Löss mit Detritus von Sarmatkalk
A„

(Moustérien von Tata)

3*
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Tabelle I.

Schiehtenreihe der Talfüllu 
(Ereignisreihe der Ablageru

g 
g)

Bezeich
nung der 

Grenz
flächen der 
Ablagerung

Alter der Schichten

Sc
hi

ch
te

n

Löss mit Sarmatkalkdetri US
A,„

Ei
sb

ild
en

de
 Ph

as
e v

on
 W

ür
nq

WürmJ(XFeinkörniger Sarmatkalt 
wenig Löss

detritus mit

A„

wie oben — As_

Brörup
Rendzina über feinkörni 

kalkdetritus
jem Sarmat-

Feinkörniger SarmatkalL 
wenig Löss

detritus mit

__ a7___
Würm^-jLöss

---- Ae

AmersfoortFeinkörniger Sarmatkall 
wenig Löss

detritus mit

---- As-----
Würmia_2Löss — A,_

Rudimentäre Rendzina ü 
gern Sarmatkalkdetritr

ber feinkörni-
s

Feinkörniger Sarmatkalk detritus
A3 _

Feinkörniger Sarmatkalkdetritus
A, _

K
ul

tu
r-

Rudimentäre Rendzina t 
gern Sarmatkalkdetriti

ber feinkörni-
s

Feinkörniger Sarmatkalk detritus
A,-----

wie oben

Feinkörniger Sarmatkalkdetritu;

Rötlichbrauner begrabener Bod< n Riss — Würm

Hunyadi, L. (1962): Az ér 
Fundstätte von Érdparkvái 

Gábori-Csánk, V. (1968): 
miai Kiadó, Budapest.
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parkvárosi ger 
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ZUSAMMENFASSUNG

Der Mitteltorton-Vulkanismus im Cserhát-Gebirge weist in mineralogisch-petrografischer 
und magmachemischer Hinsicht eine eigenartige Einheitlichkeit auf. Das Gestein der Gänge 
und kleineren Eruptionszentren und des durch diese gespeisten doppelten Lavadecke-Systems, 
die zusammen die Randzone des Mátra-Vulkanismus bilden, ist von wenigen Ausnahmen ab
gesehen von Orto-Charakter und durchweg Pyroxenandesit.

Die verschiedenen Ausbildungen unterscheiden sich kaum im durchschnittlichen An- 
Gehalt der Plagioklase, jedoch reagieren die Pyroxene in ihrer Phasenzahl und chemischen Zu
sammensetzung Schon empfindlicher auf Unterschiede in den Abkühlungsverhältnissen. Der 
Pyroxenandesit ist in mineralogischer Zusammensetzung und Petro Chemismus (mit einem Durch
schnittswert, der saurer ist als normaldioritis_h) der mittleren Andesitgruppe des Mátra- 
Gebirges verwandt. Sowohl die petrografis hon als auch die tektonis hen Analogien beweisen, 
dass Mátra und Cserhát einst ein zusammenhängendes Stratovulkansystem bildeten und dass die 
heutige bedeutende geomorfologis-he Absonderung der beiden Gebirge durch nachtortonische, 
junge tektonische Bewegungen, insbesondere durch ein NNO-SSW streichendes Bruchsystem 
bedingt ist.

Introduction

Among the volcanic mountains of the Intra-Carpathian volcanic girdle, 
the Middle Tortonian volcanics of the Cserhát Hills stand out with their pe
culiar mineralogical, petrographical and magma chemical uniformity and with 
the relatively favourable state of disclosure of the marginal and root zones 
of the volcanic formation. It was these features that attracted the attention 
of Hungarian workers as early as the end of the last century. The volcanism 
and in part also the general geology of the area was treated, without any de
tailed knowledge of the conditions existing in the adjacent Mátra Mountains, 
by Schafarzik (1892) in a manner considerably in advance over the 
average output of that age. It was his monograph that served as a basis of 
further research, because it correctly established in the broad outline the ex
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tent and the age of the individual geological formations and also the age (Tor- 
tonian) of the volcanism. In 1917 Hollós contributed to the knowledge of 
the Cserhát by describing the geology of the andesite dykes of Csörög; in 
1930, Reichert gave a c escription of the pyroxene andesite of Szanda Hill.

In 1940 was published the geological monograph of N о s z к у sen.
(1940) with a geological таз of 1 to 75 000 scale, a fundamental and compre
hensive description of the a ea, still valid today except for some slight modifi
cations in the subdivision of the Tertiary. This work established among others 
the volcanological types (djkes, “stocks”, lava sheets) of the Central or “true”
Cserhát and their dispositicn in space.

Vendl in 1932 gave i detailed petrographic description of six types of
Cserhát pyroxene andesites. Some of his data were made use of for comparative 
purposes in the present paper. The asphalt-bearing pyroxene andesite dyke of 
Súlyom Hill at Nagybátony was described by Jugovics in 1948.

luctural considerations (concerning dyke and faultIn latter years, the sti 
swarm orientation) of В a 1 к a у (1960) and the detailed analyses of C s a- 

a (1966) and Árkai (1967) into the volcanics 
nd into the southernmost fault swarm, respectively 
also with the interaction of the sedimentary host 

lagovits (1965), Buc 
at Szanda and Herencsény i; 
(which dealt in some detail
rock and the volcanics) were the publications of importance concerning the
Cserhát Hills.

Szádeczky-Kar 
of the Tertiary volcanism 

doss et al. in 1967 gave a comprehensive review 
of the Carpathian Basin, into which they fitted

also the Cserhát on the basis of available literature.
ie Cserhát volcanics has lately been initiated withA reinvestigation of tin 

the double aim
(1) of elucidating the 

chemical differentiation,
(2) of establishing gene 

Mátra Mountains and the (

causes of the peculiar lack of petrographic and 

■al geological and structural connections between the 
lserhát Hills.

Geology

It is but geomorphok;gically that the Cserhát Hills constitute a well-de
fined unit, because geologically the Cserhát is just a continuation of the Mátra,
with a dyke system formin * part of the base of the Mátra volcano, and with a 
more or less bipartite area । >f lava flows of relatively small extent and thickness 
(200 m) fed by this dyke system. The lava flows are more substantial in the
east and south than in th north and west and also their erosion was some
what one-sided owing to the general southwesterly tilting of the Cserhát Hills 
base. As a result, in the we stern and northern part of the area erosion has laid

' WNW-ESE strike (plus some of NNW-SSE strike 
?h today constitute long unbroken ridges lending a 

bare a number of dykes о 
in the North Cserhát) whi
somewhat peculiar aspect t j the landscape. In these parts of the region the dykes 
tended to swell into centres of eruption at the points of intersection of a fault 
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system presumably preceding volcanism. The depth of erosion to our time was 
just sufficient to disclose some of these centres (Szanda, Bércéi, Hollókő, 
Zsunypuszta). Farther north, erosion is deeper by 100 to 200 metres, the crystal
linity of dyke rocks is higher, and tamped-down portions of dykes whose top 
parts never attained the surface are laid bare in increasing numbers. The nor
thern and western endings of the dykes are non-structural; they disappear 
tapering in the Tertiary deposits, as a sign of the gradual weakening of volca
nism in that direction. A simplified geological map of the Cserhát with the 
sampling localities indicated is shown as Fig. 1.

In the following we shall in our description of the investigations and their 
results refer to the symbols given in Table I.

TABLE I.

List of sampling localities

I. Eastern member of Szécsény dyke pair
(Andesite dyke 12 km long, 5 to 20 m wide. Rock: holocrystalline-porphyric hyper
sthenic augite andesite)

II. Western member of Szécsény dyke pair
(Andesite dyke 10 km long, 2 to 20 m wide. Rock: locally amygdaloidal, slightly 
porphyria “amafic” andesite)

III. Rimóc dyke swarm (dykes of 5 to 15 m width)
(a) Rimóc-South, Pusztavár, (b) Rimóc-South, south flank of Vakarás Hill, (a) 
Rimóc-South, top of Vakarás Hill, (d) Hollókő, small quarry in south flank of Szár 
Hill.
(Rock: Augite andesite with pigeonite-rimmed hypersthene)

IV. East end of Sipek dyke swarm
(Rock: Holocrystalline porphyria hypersthenic augite andesite)

V. Dyke swarm of Mohora-Cserhátsurány (after the description by Gy. Buda).
(a) North dyke, (b) South dyke.

VI. Szanda dyke (5 to 10 m wide).
(Rock: holocrystalline porphyric augite andesite with pigeonite-rimmed hypersthene)
(a) West flank of Peres Hill, (b) top of Peres Hill, (c) East flank of Peres Hill.

D. Southernmost dyke swarm of the Cserhát Hills (after the description by P. Árkai).
(a) North dyke (Cseke Hill), bronzitic augite andesite.
(b) South dyke (Pokol Valley). “Amafic,” andesite.

N Orthopyroxene andesite dykes of the Cserhát Hills dyke swarm at Nagybátony, at the 
feet of the Mátra Mountain.
(a) Augite andesite dyke (Nagybátony West, Súlyom Peak)
(b) Older bronzitic and hypersthenic augite andesite dyke, Nagybátony-South, 

Nagyparlag Peak. Strike WNW-ESE.
(c) Younger hypersthenic augite andesite dyke of ENE-WSW strike.
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VII. Eruption centre of the Szanda (0.5 by 0.2 km).
(Rock: holocrystalline porphyria hypersthenic augite andesite.)
(a) Averaged sample.
(b) Great quarry of the Szanda, lower horizon of columnar jointing
(c) Great quarry of tl e Szanda, upper horizon of laminar parting
(d) Lower (columnar) horizon of the Vár Hill at Szanda
(e) Upper (laminar) I orizon of same.

VIII. Eruption centre of Bei cel (1.5 by 3 km)
(Rock: holocrystalline porphyric hypersthenic augite andesite)
(a) Hollókő, Vár Hill
(b) Hollókő, Szár Hill, great quarry
(c) Hollókő, Szár Hill, along the fault (hydro-metaandesite)

IX. Eruption centre of Hollókő (0.25 by 2.0 km)
(Rock: holocrystallint porphyric augite andesite with pigeonite-rimmed hyper
sthene)

X. Őr Hill at Nagylóc (lava flow 50 m thick) 
(“Amafic” andesite of vitreous matrix)

XI. Lava flow of the Zsuiy Hills (eca 100 m thick) and the exposure of the centre of 
eruption feeding it in the quarry at Zsunypuszta
(a) Lower level of centre of eruption

(Rock: hypersthe ie-pigeonite andesite of “doleritic” texture)
(b) Upper level of ce itre of eruption

(Rock: holocrystalline porphyric, hypersthenic-pigeonitic augite andesite)
(c) Middle level of leva sheet (scoriaceous, vitreous hypersthenic augite andesite) 
(d) Uppermost level of lava sheet (oxyandesite with 20 percent goethite)

XII. Lava flow of Buják (e bout 30 m thick)
(Rock: scoriaceous, vitreous hypersthenic augite andesite)
(a) Buják, top of Kálvária Hill
(b) Buják, Kálvária Hill, NW flank (locality investigated by A. Vendl; most acid 

volcanic rock found so far in the Cserhát Hills — according to Vendl, the sample 
was taken close t > a big partly remelted sandstone inclusion which suggests its 
acidity (64 percent SiO2) to be due to a local cause)

XIII. Lava flow of the Kozird plateau, about 50 m thick.
(Rock: hypersthenic augite andesite with a vitreous matrix)

E. Lava flow of the Ecsken 1 Plateau at Acsa (from the description by P. Árkai).
(Rock: hypersthenic sugite andesite with vitreous matrix)

We have measured ths composition of plagioclase and pyroxene pheno
crysts as well as of the same minerals in the matrix by universal-stage methods 
for all rock types. Moreover, there were prepared of all basic types chemical 
analyses (by B. Simó) and trace element analyses (by Mrs B. Nagy). In the 
composition of the plagioclases in the Cserhát Hills pyroxene andesites, as 
represented by the statistic average An content of the plagioclases in the indi
vidual types of rock, there is no substantial difference. On the other hand, the 
data summarized in Table i I show that the maximal and minimal An contents 
of the individual generations of plagioclases are rather far apart in function of 
the rates of cooling



Fig. 1.
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Table II.

Anorthite content of plagioclase in pyroxene andesites

Sample symbol

Phenocrysts Matrix
Rock 

ay erage
Anorthite 

rangemax. min. weigh
ted ay. max. min. weigh

ted av.

all data in percent

(A) Dykes

I............................................
II............................................

Ill............................................
D..................................................
X..................................................

90
90
84.6
80
80

60
57
70.5

57.5

74
74
77.5
63.7
66.5

69
69.5
70.2

63

34.5
56.0
53.5
50
42.5

52.5
63.0
62.7
55
54.5

63.2
68.5
70.1
59.3
60.5

55.5
34.0
31.1
30.0
37.5

average ...................................

(B) Centres of eruption

85 61 71 68 47 58 64.5 38

VII............................................ 82.5 68.7 77.0 63.5 53.5 60.5 68.7 28.0
IX............................................ 79.1 62.6 71.0 66.0 50.0 57.5 69.2 29.1

average ....................................

(C) Lava flows

81 66 74 65 52 59 68 29

X............................................ 90 57 77 70 64 65 71 26
XI............................................ 75 52 66 55 50 52 59 25

XII............................................ 86 78.5 80 75 65 69 74.5 21
XIII............................................ 85 67.5 77 70 62 65 71 23
E................................................... — — 66.2 — — 57 61.6 —

average ................................... 84 64 73 68 60 62 68 24

In the dykes, the An content of plagioclase phenocrysts changes by 24 
percent in the course of cooling; that of the plagioclase crystals in the matrix 
changes by 21 percent. This suggests cooling to have been fairly uniform.

In the pyroxene andesite dykes, the difference between the two changes is 
just 3 percent, that is, there is an almost continuous passage from one set 
of crystals to the other.

In the centres of eruption the An content of the phenocrysts changes 15 
percent, that of the plagioclases in the matrix 13 percent. Hence, the cooling 
rate is faster than in the case of the dykes, but still fairly uniform. (Also, the 
texture graphs of the two rocks are similar, each with two marked maxima.)

The An content range of plagioclase phenocrysts in the lava flows hardly 
differs from that in the dykes, which shows that most of the plagioclase phe
nocrysts had already formed in the volcanic vent. However, in the matrix 
plagioclases of the lava flows the An range is only 8 percent, indicating a more 
rapid cooling.
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The plagioclases of the pyroxene andesites of various solidification are,
then, of the same chemical 
neral lack of differentiation

nature on the average, precisely owing to the ge- 
n the original melt, but the An percentage ranges

An "/.
90- -90

so- -во

70-

60-

50-

и ' iYi'

-70

-60

-50

Fig. 2. Range of An content 
(in percent) in the plagioclase 

generations of pyroxene 
andesites of various facies

1 — phenocrysts, 2 — in matrix, 
I. - dykes, ГТ. — eruption centres, 

III. - lat a flows

ol the individual generations of plagioclases vary 
rather widely as a function of rates of cooling 
(Fig. 2.).

Pyroxenes exhibit a greater variety of compo- 
siuon than plagioclases do. (Their composition has 
been determined by universal-stage methods, by 
the intermediary of the parameters 2 V, z/c and
b:

o

refringence).
On the basis of the number and composition 

f the pyroxene phases we have described three
fundamental types of pyroxene andesite.

is
(1) A rock containing a single-phase pyroxene 

the “amafic” andesite which contains only in its
n atrix a high-calcium augite. This type constitutes 
bath some dykes and the upper horizons of lava 
f ows. Its origin is due to a very fast initial rate of 
cooling, due in turn to a rapid surge of the melt.

In some cases, e.g. in the case of the western 
member of the double dyke at Szécsény, most of
t re dyke remained tamped down and took in a 

ansiderable amount of water vapor from the host
r >ck, which was a sandy-clayey sediment saturated 
with water. The high volatile content prevented 
tde early formation of mafic constituents; such could

develop only in the matrix, in the form of augite and nontronite-montmoril
lonite. Most of the Ca and Fe entered solid phases only at hydrothermal tem
peratures, in the forms of imygdaloid druses (calcite and siderite).

(2) Most frequent in the Cserhát Hills is a basically augitic two-pyroxene-
phase andesite with hypers 
both as dykes and lava flow

bene or sometimes bronzite. Also, this type occurs
'8

There is a general tendene
. The orthopyroxenes contain 23 to 40 percent Fs.

o. --------- зу for the Fe content of the augite in the matrix to 
grow hand in hand with that of the orthopyroxenes.

(3) As a third pyroxer 
around the hypersthene c

ie phase, pigeonite apears in the form of wreaths 
rystals of the augite-based hypersthene andesite.

In the three-pyroxene-phase andesites, the augite of the matrix is usually very 
rich in Ca or Fe. The Fe contents of pigeonite and augite grow hand in hand.
Slow cooling makes it poss ble for Ca to enter the orthopyroxene lattice: con
sequently, a substantial poition of the Fe content crystallizes in the augite of 
the matrix.

The pyroxene andesitf 
the Zsuny Hills is of a peci

of the centre of eruption feeding the lava flow of 
iar type. At the lower level of the disclosure there

is a coarsely crystalline pyr >xene andesite of “doleritic” texture with hardly any 
porphyric constituents; the-e are two pyroxene phases (hypersthene and pigeo
nite, both iron-rich), of equalgrain size, fillins out the interstices of the plagioclase 
plates. The typically one-peak grain size distribution curve and the nature of
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the pyroxene phases reveal this centre of effusion to have been a long-lived 
one with lots of heat supply. This is further confirmed by the fact that the pla
gioclases in the rock cannot be separated into generations either, neither by 
size nor by An content. Higher up in the profile, a more rapid cooling gave rise 
to a more porphyric texture and there appears iron-rich augite as the third 
pyroxene phase in the matrix.

The average compositions of the pyroxenes in andesites with one, two and 
three pyroxene phases respectively are represented in Fig. 3.

Fig. 3. Chemical composition of pyroxenes in pyroxene andesites
(a) in andesites of one pyroxene phase,
(b) in andesites of two pyroxene phases,
(c) in andesites of three pyroxene phases

The chemical analyses of the various types of rock exhibit but insignifi - 
cant differences, indicating the melt to have been rather slightly differentiated. 
(Table HI.)

Since the Niggli values are fairly sensitive even to slight differences, they 
lend themselves better to the comparison and grouping of the individual vol
canic facies than the analyses themselves. The mean si parameter is least in 
the dykes (154), being 164 for the centres of eruption and greatest, 175 for the 
lava flows. Chemism is dioritic in the mean in the case of dykes and centres 
of eruptions, and tonalitic in the case of the lava flows. Accordingly, the qz 
parameter is least for the dykes ( + 10.3), greater for the centres of eruption 
( + 11. 2) and greatest for the lava flows ( + 23.9). As confronted with the insig
nificant changes in al, fm, c and alk, the change in si is due to the apperarance 
of free quartz and glass in the matrix. The distribution of si over the entire 
scale of Cserhát volcanics shows a nearly dioritic average (slightly displaced 
towards a more acid composition). (Fig. 4.)

The diagram of AFM values (Fig 5) contains for comparison also the mean 
AFM values of the lower and middle andesite group of the Mátra Mountains. 
The good agreement between the average AFM values of the Cserhát volcanics 
and the middle Mátra group proves that the Cserhát volcanics are in their
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Fig. 5. AFM diagram of Cserhát Hills volcanics
1 —dykes, 2— centres of eiuption, 3 — lava flows, 4 — lower (A) and middle (K) 

andesi .e group of the Mátra Mountains

bulk similar to the most intense middle phase of volcanism in the Mátra Mouri 
tains and represent the same stage of differentiation.

Spectral analyses of mor s than 200 samples of Cserhát pyroxene andesites 
were prepared by Mrs B. Nagy at the Institute of Petrography and Geoche
mistry of the Eötvös University. The weighted averages of the individual ele
ments and the mean values published for them in the relevant literature are 
shown in Fig. 6.

Of the lithophile elemen 
magnitude. The pegmatophi 
rages, whereas the sideroph

ts, Li, Ba and Sr are enriched by one order of 
e and chalcophile elements agree with the ave- 
ile elements show lower-than-average values.



Table III

CHEMICAL COMPOSITIONS AND NIGGLI VALUES OF CSERHÁT HILLS PYROXENE ANDESITES

CD = Csajághy, G.
CD = Vendl, A.
(D = Kolecsinszky, K.

Sample symbol I. If.
» in.

IV.
V. VI. D. N. VII.

vin.
IX.

X.
XI. XII.

XIII. E.a. b. c. d. a. , b. a. b. c. a. b. a. b. c. a. b. c. d. C. a. b. c. a. b. c. a. b.Analyst w ® 09 ® (1) CD CD ® ® CD CD ® ® ® ® ®. ® Cl) ® ® ® ill ® ® ® (11 11) ® (3Л
SiO2 51.34 54.64 52.71 54.81 53.01 52.62 52.23 52.29 48.76 55.02 55.08 54.73 55.5’ 56.42 54.59 52.72 52.78 56.19 56.11 55.36 55.0c 55.83 53.28 52.8C 54.61 54.14 56.20 54.21 54.64 56.3Í 54.21 64.23 52.41 56.02TiO2 1.07 1.65 0.98 1.19 1.14 1.43 1.34 2.90 3.03 1.4C 1.81 1.85 0.92 1.24 0.81 0.58 0.98 1.21 0.88 1.96 1.84 1.37 0.56 1.05 1.61 1.49 1.84 1.59 1.67 1.26 1.4: 0.67 1.2C 1.05ALO3 20.64 17.83 17.8Í 20.72 19.18 20.63 20.56 19.09 17.15 16.90 15.31 18.18 15.14 15.44 18.10 21.85 19.53 18.05 18.23 18.21 18.26 17.86 19.70 19.44 ■ 21.15 21.33 18.49 19.16 17.46 17.42 22.12 16.00 17.34 16.23Fe2O3 3.47 3.41 1.81 4.29 3.99 2.07 3.96 2.30 4.30 3.99 5.27 2.18 1.97 2.66 2.60 2.06 3.48 1.73 1.55 2.80 1.44 1.96 2.41 3.47 2.16 4.05 1.14 3.67 3.79 7.49 3.48 2.74 3.45 2.49FeO 4.09 4.78 7.15 1.30 4.33 5.14 3.23 4.32 4.12 5.25 4.81 4.90 5.00 6.9C 5.27 4.81 5.1 1 5.88 4.99 3.65 4.72 5.42 5.07 5.15 4.13 1.55 4.73 4.21 5.22 0.50 2.18 4.22 7.81 7.51MnO 0.01 0.65 0.11 0.01 0.12 0.20 0.08 0.12 0.13 0.28 0.11 0.14 0.12 0.13 0.06 0.04 0.09 0.15 0.15 0.37 0.06 0.08 0.09 0.11 0.00 0.21 0.00 0.09 0.15 0.07 0.04 0.18 0.13 O.09MgO 2.93 2.79 2.48 1.05 2.57 2.67 2.51 3.30 2.11 1.94 2.61 2.55 4.96 2.52 2.54 3.07 3.29 3.18 2.88 2.66 3.10 2.47 2.79 2.33 2.31 0.96 2.28 2.65 2.86 0.86 1.27 0.83 2.91CaO 9.34 6.75 9.49 8.67 7.99 8.41 8.67 9.52 9.97 8.89 8.82 8.56 8.30 6.20 7.84 9.00 8.00 7.82 8.57 8.29 9.2-3 8.28 9.35 8.70 9.23 7.75 7.80 7.32 6.82 3.74 9.11 3.88 9.47 7.07Na2O 1.85 2.30 3.64 3.10 3.40 2.50 2.50 2.51 1.89 3.05 3.05 3.02 2.50 2.88 3.41 2.22 2.88 2.73 3.02 3.05 2.90 3.21 2.73 4.71 2.05 2.20 1.90 2.61 2.40 1.90 2.25 2.28 3.27 4.09K2O 1.45 2.05 0.99 2.75 2.43 1.93 2.06 1.71 1.77 2.75 2.00 2.75 2.03 2.77 1.54 1.30 1.56 2.19 2.60 2.50 2.25 2.50 1.97 1.12 1.38 1.75 2.20 2.14 2.25 2.75 1.50 3.79 1.21 1.50H2O + 1.12 1.67 0.33 1.15 0.19 1.10 0.90 1.40 2.43 1.07 0.33 1.02 2.90 2.05 2.07 0.08 0.35 0.20 1.33 1.12 1.40 1.12 0.72 0.21 1.26 2.10 2.03 0.72 1.65 3.53 0.83 0.25 0.22 0.13H2O_ 1.40 1.02 1.75 1.32 2.31 0.74 1.44 0.59 2.22 0.23 0.27 0.40 0.84 0.85 0.19 1.41 O.73 0.78 0.17 0.60 0.10 0.25 1.20 1.26 0.06 1.72 0.43 1.13 0.64 3.68 1.17 1.24 1.34 0 59
P2OS 0.16 0.20 0.59 0.15 0.32 0.13 0.18 0.30 0.45 0.11 0.12 0.12 0.17 0.21 0.57 0.10 0.12 0.10 0.13 0.13 0.13 0.13 0.39 0.24 0.15 0.14 0.23 0.17 0.20 0.14 0.11 0.25 0.19 0.33CO2 0.68 0.00 — 0.07 — 0.00 0.00 0.14 0.57 0.13 0.17 0.03 0.06 0.00 0.13 0.94 0.82 0.14 0.08 0.03 0.06 0.07 0.16 - 0.00 0.00 0.17 0.05 0.00 0.00 0.00 —

si 146 180 147 160 151 152 155 149 145 159 160 162 152 167 162 146 149 164 164 160 160 166 152 145 176 180 178 163 181 212 223 255 135 162
ti 2.3 3.8 2.0 2.7 2.4 3.1 2.9 6.2 6.8 3.1 4.0 4.0 2.2 3.4 1.7 1.3 2.1 2.7 1.9 4.5 4.0 3.1 1.19 2.2 3.6 3.7 4.4 3.6 3.8 4.7 3.7 2.0 2.3 2.3
p 0.2 0.2 0.7 1.8 0.4 0.2 0.2 1.7 0.5 1.7 1.7 1.8 0.3 0.3 0.2 0.3 0.2 0.1 1.6 1.7 1.7 1.8 0.47 2.3 0.2 0.2 0.3 0.5 0.3 0.3 0.3 0.4 0.2 O.4
al 34.5 32.5 29.0 36.8 32.0 35.0 35.0 32.0 30.3 28.8 26.2 31.5 25.5 27.5 32.0 36.0 32.0 31.0 31.5 31.0 31.0 31.0 33.0 31.5 36.5 41.5 34.5 33.7 31.2 39.0 40.8 37.5 26.5 27.5
fm 29.2 34.2 31.0 17.9 30.0 28.8 27.5 29.0 29.5 30.2 34.5 28.3 39.2 37.0 30.0 28.5 33.0 32.5 \28.2 27.2 28.2 28.6 27.0 28.5 25.3 19.8 26.2 30.7 35.2 31.0 29.3 27.5 37.5 36.5c 28.3 22.5 28.5 31.0 24.5 26.0 27.0 29.0 31.8 27.3 27.3 26.8 24.7 19.7 25.0 27.0 24.0 24.5 26.7 28.7 28.0 26.0 28.5 25.5 29.2 27.5 26.5 23.7 22.0 15.5 15.9 16.5 26.0 22.0al к 7.7 10.8 11.5 14.3 13.5 11.8 10.8 10.0 8.9 13.6 12.2 13.8 10.6 15.8 13.0 8.5 11.0 12.0 13.5 13.2 12.5 14.0 11.0 14.5 8.5 10.4 12.6 11.8 11.5 14.5 14.2 18.5 10.0 14.0к 0.34 0.37 0.15 0.37 0.32 0.34 0.35 0.30 0.38 0.37 0.30 0.37 0.38 0.40 0.22 0.29 0.28 0.33 0.36 0.35 0.34 0.34 0.32 0.14 0.30 0.34 0.53 0.35 0.38 0.45 0.49 0.52 0.20 0.20mg 0.42 0.37 0.33 0.26 0.37 0.40 0.39 0.48 0.31 0.29 0.32 0.39 0.53 0.27 0.37 0.45 0.41 0.35 0.44 0.42 0.48 0.38 0.36 0.33 0.40 0.24 0.41 0.38 0.37 0.15 0.17 0.18 0.37 0.35c/fm 0.97 0.66 0.91 0.17 0.81 0.90 0.98 1.00 1.07 0.90 0.79 0.95 0.63 0.53 0.82 0.96 0.72 0.75 0.95 1.05 0.99 0.91 1.03 0.89 1.16 1.10 0.98 0.77 0.63 0.50 0.54 0.60 0.70 0.60qz + 15.2 + 36.8 + 1.0 + 8.8 -3.0 + 4.8 + 1.0 + 9.0 + 9.8 + 4.6 + 11.2 + 6.8 + 9.8 + 3.8 + 10.0 + 12.0 + 6.5 + 16.0 — 26.6 + 7.2 + 10.0 + 10.0 -7.2 -13.0 + 42.0 + 34.8 + 27.6 + 15.8 + 35.0 + 54.0 + 66.2 + 81.0 -5.0 + 6.0

A 24.0 28.5 29.0 46.5 35.0 31.0 31.8 30.0 25.7 34.0 28.0 37.5 27.6 31.8 32.4 26.3 27.3 31.2 37.4 37.6 35.8

---- -—

36.7 31.5 35.0 28.6 37.4 33.5 28.4 28.2 34.5 35.0 43.5 23.3 30.3F 55.0 53.5 56.0 44.5 49.5 50.5 50.7 46.5 59.3 54.5 57.0 45.7 42.0 54.0 51.0 51.0 52.6 48.4 43.4 43.8 42.6 47.5 50.0 51.5 52.0 53.4 48.0 53.6 54.4 59.0 52.0 50.5 58.5 54.0M 21.0 18.0 15.6 9.0 15.5 18.5 17.5 23.5 15.0 11.5 15.0 16.8 30.4 14.2 16.6 22.7 20.1' 20.4 19.2 18.6 21.6 15.8 18.5 13.5 19.4 9.2 18.5 18.0 17.4 6.5 12.0 6.0 18.2 15.7

(J) = Simó, B.
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The enrichment of trace elements is invariably greater in the dykes than in 
the lava flows, by as much as an order of magnitude in the case of some ele
ments (Ba, Sr, Cu, Pb). The scatter of the individual elements is shown in 
Fig. 7.

ppm

10000-

Fig. 6. Distribution of trace elements in the 
Cserhát Hills pyroxene andesites

1 — weighted average content of the element in ppm, 
2 — average values published in literature

Fig. 7. Scatter of trace elements in 
Cserhát Hills pyroxene andesites

Conclusions

The above-characterized mineralogical, petrographical and magma che
mical uniformity of the stratovolcanic complex of the Cserhát Hills can be 
interpreted on the assumption of the rapid and almost simultaneous surge of 
a magma agreeing in composition with the average composition of the entire 
Mátra-Cserhát volcano. This surge took place along the steep and profound 
marginal faults of the volcanic region. In the course of the uprising of the mag
ma, no differentiation and/or contamination could take place, nor could the 
magma take in substantial amounts of water from the sedimentary host rock. 
This is why the relatively dry and undifferentiated magma largely produced 
varieties of orthoandesite, the composition of whose pyroxenes was affected 
first of all by the conditions of cooling.

Besides the agreement in mineral composition and chemical constitution 
the correspondence of the Cserhát volcanics including the dyke swarms to the 
middle (and to a small extent to the upper) andesite group of the Mátra Moun-
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tains is confirmed also by cn agreement of magnetic pole positions evinced by 
the latest palaeomagnetic measurements of Márton and Szalay.

The fault system of ir
of the Cserhát Hills dykes 
Mountains. According to 
Mátra are mostly of NNE-

ostly WNW-ESE, subordinately NNW-SSE strike 
also fits into the radial dyke pattern of the Mátra
Kubovics (1966) the dykes of the Northern

•SSW and ENE-WSWstrike, as opposed to NW-SE
and E-W strikes in the Western Mátra. In the northern foreland of the Mátra,
the strikes are transitional 
and NNW-SSE. The radial । 
shown in Fig 8.

between the two areas: WNW-ESE, ENE-WSW 
dyke pattern with its centre in the Mátra region is

lit systems of Mátra and Cserhát Montains.Fig. 8. The fa

The formerly coherent stratovolcanic unit of the Mátra and Cserhát was 
dissected by faults of NNE-SSW strike during the Attican, Rhodanian and
Walachian phases of oroge ry. The concomitant ample vertical displacements 
then resulted in the de vek pment of a separate geomorphological unit in the 
Cserhát region.
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ОБ ИЗМЕНЕНИЯХ ПАРАМЕТРОВ ИОНОСФЕРЫ НАД Г. БЕКЕШЧАБА 
ЗА ВРЕМЯ ЧАСТИЧНОГО ЗАТЕМНЕНИЯ СОЛНЦА 20-ГО МАЯ 1966 г.

Э. ФЛОРИАН
(Геофизический институт Университета им. Л. Этвеша, г Будапешт) 

(Поступила. 15. 1. 1968)

SUMMARY

Changes in ionosphere parameters largely arose during the second half of the eclipse. The 
dec cease in critical frequencies for the Fl- and F2 layers was twi.e the decrease for the E layer. 
The drop in electron concentration was twice as much for Fl and three times as much for F2 
as for E. The recombination coefficient varied from 1.5 to 2.5- IO“8 cm’sec-1. A slope in the 
Fl layer could be demonstrated.

Измерения, проведенные на станции по изучению ионосферы в г. Бекеш- 
чаба (46°40' север, 21°10' восток) позволили изучать три слоя (Е, F1 и F2) 
ионосферы во время частичного затемнения Солнца, характеризующегося 
следующими астрономическими данными для г. Бекешчаба:

первый контакт — 09ч21м 
максимальная фаза 10ч42м 
последний контакт — 12ч05м

4 ANNALES — Sectio Geologien — Tomus NIL

по среднеевропейскому времени. При максимальной фазе Луна покрыла 
0,758 часть поверхности Солнца.

Основой для сопоставления берутся, как правило, средние величины 
различных параметров, полученных по 5 дней до и после данного дня. В 
рассматриваемом случае 19 мая, по техническим причинам, не были про
ведены измерения. С учетом количества солнечных пятен для сопоставления 
использовались результаты измерений, проведенных 17, 18, 21, 22, 23 и 24 
мая.

Изменение высоты слоев

Мощные слои ионосферы (F1 и F2) характеризуются значительно боль
шей плотностью атмосферы у подошвы слоя по сравнению с кровлей. В густом 
воздухе намечается большая частота рекомбинации. Следовательно, при 
снижении интенсивности радиации Солнца нижняя поверхность мошных 
слоев поднимается. Для тонкого слоя £ такое поднятие осуществляется в
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столь незначительной мерс, что оно не может быть зарегистрировано нашей
аппаратурой, при помощи
±5 км. Слой Е ионизирует(

которой можно выявить изменения высоты до 
ся сравнительно равномерно накаливающей фото-

сферой Солнца, испускающей лучи с длиной волн 900— 1000 Ä, и так интен-

4ООг- 
кт -

сивность ионизирующем радиации явля
ется пропорциональной радиационной
поверхности Солнца. Слой F1 обуслов
ливается частично, а слой F2 — пол
ностью солнечными лучами, характер
изующимися меньшими длинами волн 
и приходящими с активных частей Солн-
ца. Следовательно, в данном случае

300

250

12 UT+1

Рис. 1. Изменение виртуальной высоты 
слоев F1 и F2 за время затемнения 
Солниа. Тонкими линиями г оказаны

200 
08
20. 5.1966. Békéscsaba

средние величины, полученны 
рольные дни, а стрелками —

; в конт- 
начало.

конец и максимальная фаза зат емнения

увеличение высоты этих слоев зависит 
не от поверхности Солнца, а от покры- 
тости активных частей. Это обстоятель
ство хорошо видно по Рис. 1, на которой 
тонкими линиями показан суточный ход 
средней высоты слоев F1 и F2 (h'F и 
h' F2), а жирными линиями — измене
ния, имевшие место во время потемне
ния Солнца (h' F и h'F2). На фигурах 
стрелками отмечается время первого и 
последнего контактов и максимальной 
фазы.

В отношении слоя F2 намечаются 
значительные изменения во времени да
же средней высоты. Это тоже свидетель
ствует о неравномерности радиации 
активных участков. Интересно заметить, 
что изменение высоты как слоя F1 так

и слоя F2 происходит только после максимальной фазы, почти в одно
льно, в рассматриваемые дни эти слои получили 
главным образом с активных участков, поверх

и то же время. Следовать 
ионизирующую радиации
ность которых была покрыта Луной только во второй половине затемнения 
Солнца.

Максимальное виртуальное поднятие высоты составляло 40 км в слое 
F1, представляющей собой низы области F и 70 км в слое F2.

Изменение предельной частоты

Максимальная радиочастота, еще отражающаяся в вертикальном на
лоя, представляет собой предельную частоту. Как 
ия затемнения Солнца этот параметр претерпел

правлении с некоторого с. 
это и ожидалось, за вре
значительное изменение во всех слоях.

При затемнении Солнца снижение предельной частоты происходит наи
более равномерно в слое Е, поскольку это снижение зависит от непокрытой
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Рис. 2. Отклонения величин 
предельных частот слоев Е, 
FJ и F2 га время затемне
ния Солниа от средних вели
чин, подсчитанных по дан

ным контрольных дней

поверхности Солнца. Жаль, что точное определение предельной частоты 
слоя £ часто затрудняется за счет плавающих в данном слое кусков густых, 
так называемых £-спорадических облаков (Es). По таким причинам не 
получена полностью правильная кривая снижения предельной частоты слоя 
Е на станции г. Бекешчаба. Предельные частоты 
слоев F7 и F2 уже заведомо не могут иметь 
правильного хода в связи с неравномерной ради
ацией активных участков Солнца.

На Рис. 2. показаны отклонения предельных 
частот за время затемнения Солнца от средних 
величин (ПМс). При затемнении намечалось одно
временное снижение предельных частот слоя Е 
на 0,50 Мс, а слоев £7 и F2 соответственно на 
0,79 и 0,80 Мс. Одновременность и близкие ве
личины снижения свидетельствуют о том, что в 
день затемнения Солнца последние два слоя вы
зывались в основном одним и тем же активным 
участком и что данный участок был покрыт Лу
ной только после максимальной фазы.

Для сравнения приводятся подобные данные, 
полученные в других местах и в другие времена. 
J. А. Gledhill (1959) сообщил величины 
изменения предельных частот за время кольце
вого затемнения Солнца, происшедшего 25 декабря 1954 г. над городами 
Кейп Таун и Йоханнесбург. Здесь были намечены снижения частоты рав
ные 0,5-0,6 Мс для слоя Е, 1,0-1,2 Мс для слоя F7 и 1,2-1,6 Мс для 
слоя F2. В данном случае снижение предельной частоты следовало за 
степенью покрытия диска Солнца лучше, чем в 1966 г. в г. Бекешчаба. 
С. М. Minnis (1959) изучал изменения предельной частоты, наблюдав
шиеся за время затемнения Солнца 14-го декабря 1955 г. над Сингапуром. 
Здесь в слое Е намечалось снижение равное 0,5 Мс, в слое F7 - 1,0 Мс. 
Место наблюдения располагается недалеко от экватора, в связи с чем мож
но было наблюдать и за слоем F7 1/2, в котором маскимальное снижение 
составляло также 1,0 Мс. На поверхность, покрытую в то время только на
половину, по всей вероятности, сильно влияло несколько активных цент
ров, так как в предельной частоте слоя F2 почти не намечалось снижение.

Изменения плотности электронов

Максимальная плотность электронов слоев ионосферы (Ne) вычисляется 
по Ф. Rawer и К. Suchy (1967) по формуле

Ne = l,2404(fo)2104

где fo — предельная частота данного слоя в Мс.
На Рис. 3 показана плотность электронов слоев Е, F1 и F2, подсчитан

ная по вышеуказанной формуле. Средние величины показаны тонкой линией,
4*
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а величины, наблюденные за время затемнения Солнца - жирными линия 
ми. Средняя плотность электронов слоя Е составляет около 1,5, слоя F1 
2,8, а слоя F2 — 6,0 ■ 105 сл А

Рис. 3. Изменение плотност i электронов 
за воемя затемнения Солниа г слоях Е, F1 и

F2. Тонкими линиями отме еены средние

Рис. 4. Отклонение величин плотности 
электронов во времени от средних 

величин, за время затемнения 
Солнцавеличины за контрольные дни

На Рис. 4 приведены суммарные величины отклонений (AN получен
ные за время затемнения Солнца. Из фигуры видно, что наибольшее сниже
ние концентрации электэонов за максимальной фазой затемнения Солнца 
характерно для слоя F2 (1,33-105 см-3). В данном слое уменьшение плот- 

чем в слое Е и в два раза больше, чем в слое F1.пости в три раза больше, 
В слое Е максимальное уменьшение составляло 4-104 см-3.

Уменьшение плотности электронов для различных слэев во время за
темнения Солнца вычис/ялось рядом исследователей. Так М. Е. S z е и d-

Уменьшение плотно

г е i и М. W. М с Е 1
1 • 105 в слое F1 и 0,6 — 0, 
ным, полученным на ст;

hinny (1956) определили уменьшение плотности 
,8-105 см-3 на различных высотах слоя F2 по дан- 
нции Грехемстоу, 25 декабря 1954 г. G. N е s t о-

(1962), вычислили уменьшение плотностиJ. Tauben .
электронов слоя Е за время полного затемнения солнца над г. Нессебар и 
частичного над г. Софией с использованием данных, полученных за время

г о V и 1 е 1 m

затемнения Солнца 15 февраля 1961 г. По их расчетам при полном затем- 
снижение плотсности электронов составило 6-104нении (над г. Нессебар) 

см-3, а над Софией — 5, 
этих же местностей К.

,5-104 см-3. Подобные величины были получены для 
Б. Серафимовым (1964).
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Вычисление коэффициента рекомбинации

Величины коэффициента рекомбинации за время затемнения Солнца, а 
также их изменения были вычислены по методу С. М. Minnis (1955). 
По его мнению коэффициент рекомбинации для слоя £(а£) может быть 
получен с использованием соотношения

/^cos0-25/--^ 
dt

где у _ непокрытая за время затемнения поверхность Солнца, q0 — степень 
возбуждения ионов, х — зенитное расстояние Солнца и Ne — количество 
электронов на 1 см3 во время t.

В рассматриваемом случае размер непокрытой поверхности Солнца 
был определен по фотоснимкам, полученным в обсерватории „Ураниа” не
далекого города Мишкольц и переданным в наше распоряжение профессо
ром д-ром Дь. Сабо. Ход покрытия поверхности Солнца показан на Рис. 5. 
Величины полтности электронов для различных времен t, а также величины 
q0 взяты из более точной кривой плотности электронов, приведенной на 
Рис. 3.

Duc. 5. Изменение размера непокрытой поверхности 
Солнга га время затемнения, по фотоснимкам

Мишкольцской обсерватории „Урания”

Так, коэффициенты рекомбинации могли быть точно вычислены для 
четырех времен, как это видно по Рис. 6. В первую половину затемнения рас
сматриваемый коэффициент оказался гораздо меньшим (1,78—1,63 
-1,24-10~8 см^ек-1) по сравнению со средней величиной (4-10“8 см^ек“1), 
а после максимального покрытия наблюдалось увеличение коэффициента 
(2,05-10~8 см3сек-1).

К. Б. Серафимовым (1964) найдена увеличенная на порядок 
величина коэффициента по случаю затемнения Солнца, наблюденного в 1961 
I'. над территиорчей Болгарии. Во время затемнения Солнца в 1952 г. над 
гг. Картун и Ибадан С. М. Minnis (1958) вычислил величину 1,2-
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-1,4- IO-8 см3сек-1. G. N 
наиболее вероятной величи 
затемнения Солнца в 1961

о s t о г о v hJ. Taubenheim (1962) считали 
iy коэффициента а5 равную 1 • НН7 см3сек-1 для 
г. над территорией Болгарии.

о|—г—I—I—I—1—I—I—1—I—1—1—I—I—I—I—I—1—I—
0900 1000 h 1100 UT+1 1200

20.5. 1966. Békéscsaba

Рис. 6. Изменение величины коэффициента рекомбинации 
за время затемнения Солнца

В соответствии с вышег вложенным наиболее характерной особенностью 
затемнения Солнца в мае 1966 г. было происхождение изменений в более вы
соких слоях после максимального покрытия поверхности Солнца. Объясне
ние этого явления можно найти в публикации Афинской национальной об
серватории (1966), в которой приведена карта Фраунгофера от 20 мая 1966 
с указанием направления и времени прохождения Луны. На западной сто
роне Солнца, вблизи 300-го градуса периметра располагается активная об
ласть, обозначаемая буквой D. Вероятно, что данная область, покрытая в 
последнюю очередь, была ц штром максимальной ионизации слоев F1 и F2.

Погрешности наблюдения над слоем F1

По мнению С. М. Minnis (1958), Е. И. Bramley (1956), J. А. 
Gledhill (1959) и других исследователей наблюдения над слоем F1, 
проведенные во время затемнения Солнца, не могут дать точных данных о 
предельной частоте и концентрации электронов, поскольку при наклонном 
впадении радиоволн предельная частота увеличивается. Поднятие будет 
максимальной по линии, по которой на поверхности Земли намечается мак
симальное покрытие Солнц?. С удалением поднятие уменьшается, но именно 
в этих местах подошва пласта оказывается наклонной. Следовательно, 
можно говорить о наклоне нижней повепхности слоя F1. По результатам 
ряда измерений Е. N. В 'am ley (1956) сообщает о наличии углов на
клона около 4 — 5 градусов.

Поскольку при наклон гом впадении к приемной аппаратуре поступает 
более высокая предельная чгстота, чем при вертикальном, количество частиц 
(АС), подсчитанное по предельной частоте в указанных местах, не может 
быть правильным, а является завышенным.
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По мнению С. М. Minnis (1958) необходимо сопоставить ходы пре
дельных частот для слоев Е и FE В нормальных случаях, когда подошва 
обоих слоев параллельна поверхности Земли и когда применяемые радио
волны отражаются в вертикальном направлении, отношение двух предель
ных частот является постоянным. Следовательно, если нанести пункты, 
получаемые в таких случаях из величин предельных частот foE и foFI в 
линейную систему координат, то регрессионная прямая этих пунктов про
ходит через начало координат, или же — с учетом разброса — по крайней 
мере вблизи его.

При наличии затемнения Солнца точки отражения образуются у на
клонной подошвы слоя F1 и у подошвы слоя Е, высота которого не изме
няется, в связи с чем изменяется отношение предельных частот foE и foF1. 
Вследствие этого получаемая таким образом прямая ряда точек проходит 
дальше от начала координат. И так метод С. М. Minnis позволяет вы
явить погрешности, но не позволяет определить величину погрешности и 
даже угол наклона. Однако вероятно, что при помощи вышеуказанного 
метода можно определить численное значение наклона и тем самым и воз
никающей погрешности.

Данные, получаемые по линии проекции максимального затемнения 
Солнца на Землю должны отображать параллельность подошв слоев Е и FI, 
так как в данном месте слой F1 должен характеризоваться максимальным 
поднятием его высоты. Прямые, получаемые по измеренным здесь данным, 
должны проходить через начало координат, или же близко к нему. Прямая, 
получаемая по данным наблюдения, провод мого очень далеко от этой ли
нии, должна иметь подобный ход. Последней случай не требует дополни
тельного пояснения. Если имеется возможность выявить наличие преды
дущего случая, то при использовании достаточного количества данных о 
затемнении Солнца, можно вычислить отношение угла между прямыми к 
углу наклона, следовательно, также и предельную частоту и исправленную 
величину концентрации электронов.

Вышеизложенные соображения подтверждаются прямыми, получен
ными предлагаемым методом по данным затемнений Солнца в 1961 и 1966 гг. 
Город Бекешчаба располагается довольно далеко от линии полного затем
нения. Солнца, наблюденного в 1966 г. в Греции, чтобы намечалась значи
тельная наклонность над ней и на подошве слоя FE К сожалению нет воз
можности привести здесь прямые, составляемые одновременно по данным, 
полученным в Греции. Однако в нашем распоряжении имеются подробные 
данные о затемнении Солнца, происшедшем 15 февпаля 1961 г. и характери
зующемся полным затемнением над г. Нессебар (42°42' север, 27°43' восток) 
как из Будапешта (1961), так и из Нессебара (1961). Так, на Рис. 7. при
водятся прямые, построенные по измерениям foE и foFI, проведенным в 1966 
г. в г. Бекешчаба и в 1961 г. в гг. Будапешт и Нессебар. Сплошными тонкими 
линиями показано отношение величин foE и foF1 по данным контрольных 
дней, а пунктирными жирными линиями — то же за время затемнения 
Солнца. Для г. Бекешчаба и Будапешт, где предполагается наличие значи
тельной наклонности, намечается большой угол между прямыми (20° и 18“ 
соответственно), в то время, как по данным, полученным в Нессебаре при 
полном затемнении Солнца, этот угол составляет всего 4 градуса.
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Рис. 7. Регрессионные прямые, 
Солнпа покаганы жирными лиш 
линиями. Величины углов меж

толученные по данным joFI и foE за время затемнения 
ями, а те же прямые по контрольным данным - тонкими 
ду отдельными прямыми позволяют судить о наклоне 

слоя 1'1.

Данная фигура довольно убедительно свидетельствует о том, что по
размеру углов между полученными вышеизложенным образом прямыми 
можно судить о размере у’ла наклона. Таким образом, там, где имеются 
подробные данные по ряд/ затемнений Солнца, было бы целесообразно
определить численное cooti ошение углов.
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ZUSAMMENFASSUNG

Die Bouguer-Anomalien (G), die magnetischen Anomalien (Z), das Oberflächenrelief 
(R), die seismischen Oberflächen wellen (ü), die zeitlichen Hohenänderungen (N), die geother
mischen Tiefenstufen (T), die telluiischen Ströme (C) und die Tiefe des Grundgebirges (B) werden 
analysiert, zusammen mit den Daten h Conrad und 71 Moh о von drei seismischen Tiefsondierungs - 
profilén (dss), zwecks der Bestimmung von TlMoho für das ganze Gebiet von Ungarn. In diesem 
ersten Teil der Arbeit sind die Korrelationen zwischen diesen Daten, sowie die Standard-Gleichun
gen mit den Fehlern nach der Methode der kleinsten Quadrate gegeben.

In Hungary, in the last decade or so the study of various sets of geophysi
cal data has been given a great deal of attention. There are contour maps 
of the following geophysical parameters: Bouguer anomaly (G), vertical 
magnetic anomaly (Z), relief of the ground surface (B), group velocities of 
seismic surface waves (U), variation in repeated high-precision levellings (N), 
geothermal reciprocal gradient (I7), telluric currents (C), depth of the base
ment (B).

Furthermore, in 3 profiles, deep seismic soundings (dss) have been carried 
out, and the depths of the Conrad (Hc) and Moho (HM) interfaces have been 
determined along these profiles.

We can assume that there exists a correlation between all these parameters 
If this is so, one can calculate HM from the dss profiles for the whole territory 
of Hungary.

A method of the analytic description of large volumes of geophysical data 
concerning crustal structure

It is known that the gravity anomalies correlate to some degree with the 
M interface. This is so because at the M interface there is a discontinuity in 
q (about 0.3 to 0.5 g/cm3). A similar correlation is obtained also between the 
M interface and the relief of the ground surface.
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It is known also that ti e gravity anomaly reflects to a large degree the re
sultant of the following inf uences: the variation of the thickness of the sedi
mentary layer, the heterogeneity of the basement, the variation of the thick
nesses of the crustal layers, the heterogeneity of the upper mantle. The magnetic 
anomalies are, after all, also connected with these influences.

As a consequence, geophysicists use with some success the maps of magne
tic anomalies in the study of the sedimentary layer and of the basement ma
terial. Hence if such a corn lation yields a reliable enough inference concerning
the structure of the upper layers, one can exclude from the observed gravity
anomalies the influence of i-he geological factor.

We see that the depth 
and magnetic (Z) anomalies 
relief of the ground surface

of the M interface (HM), the observed gravity (G) 
the thickness of the sedimentary layer (B) and the 
R) are connected with one another. This connexion 

can be described by the following equation (Karataev, 1966):

нм^ = «o+j qßr-r^G r'}dr' + [ q2(r-r’)Z(r') dr'+ Jq3(r-r')B(r') dr' + 

^0 *0 ^0 

(Rc — area of integration).

+ J qi(r — r')R(r')dr'.
«0 

The terms q^r — r'), (i 
r are the coordinates of the 
ters have been determined.

= 1, 2, 3, 4) are unknown weighting functions; the 
points where the geophysical or geological parame-

Furthermore, crustal thickness and dispersion of velocity of seismic sur-
face waves are functionally connected. Thus we can add to equation (1) terms
accounting for the dispersion of surface waves, for example in the form

x2U2 + .. . where Ux, 
It is further known th 

with neotectonism (Mesh

U2, . .. are the velocities for various periods, 
at the rates of recent crustal movement correlate 
cheryakov, 1963). As there exists some cor-

relation between the M interface and the neo+ectonism, we can suppose that
the relief of M indirectly 
rates of crustal movement, 
neotectonic and geotherm

(through neotectonism) correlates with the recent 
Similarly, an indirect correlation may exist between 
d conditions and also between geothermics and

7/Moho- Magnetotelluric deep sounding will yield first of all the depth of the
basement (and of the low-’ 
depth of basement and Mob 
relation between C and dej

Thus we can include in 
of recent crustal movement 
neto-telluric deep sounding

velocity layer). There exists a correlation between 
о depth, and thus there may exist an indirect cor- 
th of Moho, too.
our mathematical model of the Harth also the rates 
the geothermal conditions and the results of mag- 
for example in the following form:

xN + ßT + yC.

The above considerati ons imply that the elements just mentioned (the 
relief of the ground surface, the rates of recent movements, dispersion of sur
face waves, gravitational and magnetic anomalies, thickness of the sedimen
tary layer, geothermal gra lients, electrical conductivity) are to some degree 
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connected (directly or indirectly) with the depth of the M interface. We can 
try to describe this connection analytically, either for all elements, or only for 
some of them. The importance of such a description is evident:

1. We can study in a quantitative way the degree of correlation between 
these various elements and the thickness of the crust, and the influence of each 
element upon the M surface.

2. We can obtain some quasi-analytic form of the connexion between 
these elements, in whose possession we can predict any parameters of the crust 
(for example HMY

In a first approximation we may seek the analytic form of the connexion 
between the elements as follows:

HM(r) — a0 + + a2Z{r) + asB(r) + ^В(г) + a-N(r) + a.6U r + aqU 2 + asU 3 +
a9I74 + ci10T(r)+«11C(r). (2)

We can then investigate the equations
ii

HM(r) =a0+ (3)
i=i

where = G, Xn2 = Z are some functions known beforehand (for example 
f^G) = G2 or/2(Z) = e~z, and so on).

The nature of the function/г(Я„,) can be inferred from the analysis of two 
values: HM and Xn„ i = 1,2, ... 11 for all elements. In our calculations we 
shall take that function which gives minimum error.

Should equation (3) not prove satisfactory because of a too great error, 
we shall analyse an equation of the following type:

Нм(г) = «о + J f (4)
i=1 i

For these calculations it is necessary to possess the experimental data 
G, .... These are known along the profiles of dss.
If we introduce the experimental data in our formula, we must add e(r) 

to the left-hand side; formula (2) can then be rewritten to read

#м(г) + е(Н = а0+«1^(г)+ ■ • • Ч-ОцСИ- (5)
If we solve a system of n such equations for n points (r^ r2, ... rn) we 

can, using the method of least squares, obtain the unknown parameters a and 
the mean square error e of H M as calculated from G, Z, . . . C.

Fig. 1. shows the maps of the various data used by us. The authors are as
Provenience of data.

follows:
G: Renner, 1959 N: Bendefy, 1965
Z: Posgay, 1967 T: Stegena, 1964
R: Schmidt, 1961 C: Ádám — Verő, 1967
U: Shechkov, 1968 B: Kőrössy, 1964

dss: Mituch, 1966, 1967.
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Fig. 1. Maps of gravity anomalies (G), vertical magnetic anomalies (Z), surface relief (R), varia-
tion in repeated high-precision levellings (AT), geothermal reciprocal gradient (T), telluric currents 
(C), depth of the basement (B), g: oup velocities of seismic surface waves (U) and results of deep 

seismic soundings (dss), used in this work
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Fig. 1. Maps of gravity anomalies
tion in repeated high-precision levjllings (N), geothermal reciprocal gradient (T), telluric currents 
(C), depth of the basement (B), group velocities of seismic surface waves (U) and results of deep

(G), vertical magnetic anomalies (Z), surface relief (Ä), varia -

seismic soundings (dss), used in this work
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Using these maps, we read out the values at the grid points of a grid of 
10 km spacing. This grid was different for the profiles I, II and III, as shown 
in Fig 2. In Fig. 1. dss the double lines separate the geological super-provinces
of Hungary; Tertiary depressions (A) form the Hungarian Mountains (B).

Fig. 2. Seismic dss profiles and the read-out grids



A complex interpretation on the deep structure of Hungary. I. 65

Calculations of standard equations using the dss profiles

The calculations were performed on the computers of the Siberian De
partment of the Academy of Sciences, USSR.

At first, we tried to obtain standard relations for the profiles I, II and III, 
separately for the geological areas A and B.

These calculations have implied that:
1 For area В it is not possible to get good enough standard relations, as 

the data of dss are too scanty.
2. In area A, it is not possible to calculate Hc from the data available, as 

the standard error is too great (~10 km).
3. In area A, the standard errors of the equations connecting HM with 

Z, R and G do not exceed 1.3 km:
26 348 - O.OO92Zo - 0.00842?xZ + 0.00182?^ + 0.00272?3Z + 0.0004Z4Z +
+ 0.004227sZ + 0.00482?6Z = HM 0; e = 1.3 km
29 509 - O.O192Äo- 0.00432\ß + 0.00072?2Ä-0.00152?3Ä + 0.00212?4i? +
+ 0.00092?5fí-0.0001 S6R = HM 0; e = 1.2 km
28 420-0.0130öo + 0.04982?^-0.03282?26? + 0.01702/3Ö-0.01072?1G!-
— O.O358275G—0.0383276ö = HM 0; e = 1.2 km

Fig. 3. shows the measured values of HM along dss profile I, and, as ex
amples, the depths calculated from the equations for R and Z.

Fig. 3. The measured depths (solid line) and the calculated 
depths of Moho

5 ANNALES — Sectio Geologica — Tomus XII.
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4. These preliminary 
various geophysical data 
give separately a small

calculations have shown that the joint analysis of 
i i order to determine HM, using those data that 
e rough error, is an entirely feasible undertaking.

Hence, we proceeded to calculate the standard equations for the following 15
combinations of data (Tabi e I.)

Table I.
Combinations of data,

and the standard errors'
used to determine the standard equations for H

HM = f(G, z. R, ^) 
HM = f(R, N, T, C) 
H^ = f(R, N) 
HM = /(G, Z, R, N, U) 
H M = f(G, Z, R. N. T, C, U) 
HM = f(R, N, T,C, V) 
HM = f(R. N, U) 
HM = f(G, Z, T, C) 
HM = f(G. Z, T, C, U)

M = KT C) 
HM= KG, Z) 
H M = KG. Z, R, N, T. C) 
HM = KT.C, U) 
HM = KG. Z, U 
HM = KU)

1.080
1.G88
1.090
1.118
1.124
1.129
1.130
1.433
1.487
J .535
1.536
1.573 
1.590.
1.592
1.633

tion 
sion 
tion

As shown in Table I, t lie best value of HM is obtained using the combina- 
G, Z, R, N (gravimeter, magnetometer, relief and time variation in preci
levelling, geothermal 
in precision levelling, 
In part II, using the

Moho interface for the ten

lata and telluric currents: R,N relief, time varia- 
geothermal data and telluric currents.
above equations we shall calculate the depth of the
■itory of Hungary.
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SUMMARY

The paper presents the results of the palaeomagnetic investigation of 12 Lower Cretaceous 
and one Helvetian magmatie rock outcrops in the Mecsek Mountains. Of the thirteen, eight 
outcrops turned out to lend themselves to palaeomagnetic evaluation. Of these, six Cretaceous 
ones exhibit reverse magnetization, whereas one Cretaceous and one Helvetian locality are di
rectly magnetized.

After the application of a correction for tilt the mean directions of magnetization cluster 
about two azimuths and inclinations, respectively: (1) = 349.3°; /, = 51.2°; (2) D, = 83.1°;
I* = 62.0°. The deviation in D is significant. The pair Д, Z, agrees well with the values DE, 1E 
computed for the sampling localities from the mean virtual Eurasian Cretaceous pole (cf. the 
20 data in Table I): ]JE = 6.Q°; IE — 54.9°. The deviation of Group 2 from Group 1 (or, what 
amounts to the same, from the mean European direction) suggests a elo к wise rotation by about 
99°, about a vertical axis, of Group 2. This < an be readily correlated with the involved changes 
of strike in the Mecsek Mountains geology. We have established rotation corrections for the in
dividual localities on the basis of the geológi ai map and determined the position of the Lower 
Cretaceous virtual geomagnetic pole as Ф = 81.0° and Л = 172.5° as a mean of all the seven 
evaluable Lower Cretaceous localities.

Introduction

Prior to an evaluation of palaeomagnetic data it is necessary to investigate 
whether the routine methods of such evaluation are applicable to the region 
and geological age involved: this investigation has to cover both geophysical 
and geological aspects.

The method of f valuation is based on the assumption of an axial geocentric 
dipole, i.e. on the resumption that on a long-range average (a few times 10* 
years or 105 years) the geomagnetic field can be described as the field of a mag
netic dipole which is concentric with the Earth and whose magnetization is 
coaxial with Earth rotation. This assumption can be regarded as proved for 
geological ages not too long past (the Neogene, Quaternary and Recent times). 

5'
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accepted dynamo theory of geomagnetism, the equi-According to the actually i 
valent geocentric dipole is 
geomagnetic field was dur
feet, the mean direction

(approximately) coaxial with rotation. Provided the 
ing the geological ages sustained by the dynamo ef- 
o’ the virtual geomagnetic poles (VGP’s) averaged

over a sizable coherent area (a continent) will point out at the same time also 
the direction of the axis of rotation. For the dipole hypothesis to be tenable, it 
is necessary that the scatter of the VGP’s as computed from sufficiently reliable 
palaeomagnetic data shoull not exceed the actual scatter of VGP’s. Concern
ing geological periods long past (the Mesozoic and Palaeozoic) the data 
should relate to one continent because together with the displacement of one 
continent relative to anoth sr the VGP directions will move also.

VGP data for the Eurasian Cretaceous (Table I, Fig. 12) reveal a scatter
ted from present-day observatory data. (Cox andnot exceeding that сотри

Hoell, 1961.) Hence, th> Cretaceous geomagnetic field can be treated as a

Table I. Eurasian VGP data

Palaeomagnetic pole
Location Reference

A° ф°

Britain
1. Sussex...................................... Nairn 1960 334.0 86.0
2. Sussex......................................... ibid. 182.0 84.0

Rumania
3. Ovidiu...................................... Costa-Foru et al. 1964 121.0 83.0
4. Cuza-Voda ............................. ibid. 131.0 85.5

Czechoslovakia

: 5. Sluhy, Vrbatuv Kostelec .. Bucha et al. 1963 158.22 78.95

Korea
6. South Korea ........................ Kienzle et al. 1966 140.6 73.9

Soviet Union
7. Hissar ..................................... Khramov 1967 164.0 72.0
8. Hissar...................... ............... ibid. 182.0 72.0
9. Hissar ..................................... ibid. 177.0 81.0

10. Hissar...................................... ibid. 145.0 81.0
11. Ferghana ............................... ibid. 332.0 75.0
12. Ferghana ............................... ibid. 176.0 69.0
13. Ferghana ............................... ibid. 176.0 65.0
14. Ferghana ............................... ibid. 178.0 65.0
15. Ferghana ............................... ibid. 178.0 65.0
16. Azerbaidzhan........................ , ibid. 202.0 53.0
1 7. Tadzhikistan ........................ . ibid. 315.0 83.0
18. Turkmenia........................... ibid. 167.0 60.0
19. Primorlva............................. ibid. 146.0 58.0
20. Taimvr, Krasnovar........... Vlasov — Nikolaichik 1964 334.0 73.0

Common mean direction*......... 170.1 78.0

* Fischer’s statistical parameters: к = 27.1; a95 = 6.5°
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dipole in palaeo magnetic considerations. The scarcity of European data (five 
in all) has led us to consider as the VGP direction valid for the Mecsek Moun 
tains magmatites (and consequently as the direction of the pole of the geo 
magnetic field that magnetized them at the time of their origin) the mean 
Eurasian VGP direction Ф = 78.0°, Zl = 170.1°.

Magnetization of the rocks was detected by means of astatic magnetomc ; 
ters on cubes of 2.5 cm edge. The magnetometer of MA-21 type was used in 
two sensitivity settings: c = 0.34v per scale division and c = 0.059v pet sc.d 
The sensitivities of the magnetometers built at our Laboratory are с A 0.8у 
per sc.d. and c = 0.7v per sc.d. respectively.

In order to remove secondary magnetization we applied A.C. demagneti
zation in 100 Oe steps. The statistical analysis of the magnetic directions of 
partially demagnetized sample groups was performed by the method of Fisher 
(Fisher, 1953). Original magnetization was established as the mean direc
tion for which scatter was minimal.

Tilt correction was applied to the mean RM direction of each saihpling 
locality separately, under the assumption of horizontal fold axes.

I

Geology

The magmatic rocks investigated all occur in the Eastern Mecsek, in the 
topography feature called the Zengő range. Sampling localities were plotted 
on the geological map of E. Vadász (1935) (Fig. 1): the relevant data are 
summarized in Table II. Sample groups 1 to 8 were collected under pei-sonal 
cooperation from I. Bilik, groups 9 to 12 under personal cooperation from I. 
Viczián.

The sampling area (Fig. 1) is a perisyncline with a sedimentary se
quence ranging from the Liassic to the Middle Cretaceous. At its middle be
tween Kisújbánya and Jánosipuszta there are Malm and Cretaceous deposits 
penetrated by trachydolerite lavas. The nerysincline topographically constitu
tes a basin closed to the east by inward-dipping older Jurassic strata. Between 
Hosszúhetény and Pécsvárad the Lower and Upper Liassic constitute an anti
cline with Lower Liassic at its core. Sampling locality 5 is situated on the north 
flank of this anticline. This flank slopes down to Kisújbánya and consists of 
Dogger, Malm and Cretaceous strata. Sampling localities 1, 12 and 13 are con
nected with this anticline. North of Kisújbánya the perisyncline ends alsó 
with Dogger, Malm and Cretaceous strata dipping westward and southward’. 
In the Máza valleyhead, Lower Liassic crops out with a phonolite (Localities 
9, 10, 11). This flank is delimited to the north by a big east-west fault. To thé 
southwest of this fault there is the Márévár anticline, an upright fold with a 
Middle Dogger core and involved plications of Dogger-Malm and trachydolerite 
in its flanks. “The axis of this anticline is, as distinct from the uSuaTeast-wést 
direction, oriented southwest-northeast”. (Vadász, 1935). Localities 23, 4 
and 7 are situated on the external (northwest) flank of this anticline. Thik 
flank continues beyond a fault between Komló and Jánosinuszta (Localities 
6 and 8). A dislocated portion of the external flank constitutes the Magyari- 
egregy — Nagymányok range whose fundamental feature is a Mesozoic complex



70 ív árion, P. — Szalay—Márton, E.

Table II. Mecsek Mounts ins sampling localities with characteristic parameters

Age Sampling locality Formation

Tectonic position Till correction

azimuih/angle of dip azimuU./angle of (ill

in degrees

Lower
Creta- 1. Zengővárkony tra chydolerite lava
ceous

2. Márévár valley tra
igglomerate 
chydolerite lava

N-NW/30 —50* 165/40

igglomerate 305/30* 125/30
3. Márévár valley tra chydolerite dyke ? —
4. Márévár valley tra chydolerite lava 305/30* 125/30
5. Hosszúhetény tra chydolerite dyke N-NW/35 - 45* 165/40
6. Jánosi -Nagy 

valley tra chydolerite lava 310/30* 130/30
7. Márévár valley tra chydolerite lava

agglomerate 305/30* 125/30
* Jánosi puszta trí ■chydolerite lava 

igglomerate 120-150/30-40* 315/35
9. Máza valley- an phibolitic

head teschenite S/40** 360/40
10. Máza valley

head ph onolite lava S/45** 360/40
11. Máza valley

head ph onolite dyke S/45** 360/40
12. Kövesdtető ph onolite lava 40/48** 220/48

Hei-
vetian 13. Komló an phibole andesite —

* oral communication by I. Bilik
** oral communication by I. Viczián

rranean deposits (Miocene). The Zengő Range peri 
in the Komló profile into a single anticline, whereas 
e imbricated and dislocated north flank of the sou- 

overthrust upon the Medit< i 
syncline merges to the west 
to the east it passes into th<
thern anticline; that is, it 
and west.

has a spindle-like shape tapering towards the east

The Mecsek Mountains trachydolerite volcanism is placed into the Valan-
ginian and Hauterivian stages of the Cretaceous on the basis that it penetrates
the Jurassic, with inclusions
in the lava and also in the t

and, indeed, enormous blocks of Jurassic limestone
iffs, and that the volcanics are overlain by a littoral

deposit consisting almost entirely of reworked trachydolerite and containing 
Hauterivian, Barremian and Aptian fossils.

The age of the phonolite cannot be directly established but since it is 
regarded as the acid product of differentiation of the phonolitic magma, it is 
also placed into the Cretacsous.

Trachydolerite eruption took place in connexion with the late part of the 
Neo-Cimmerian phase of о -ogeny — which also caused the uplifting of the 
Mesozoic deposits above sea level — and spread over the Jurassic surface,
partly on dry land and parti 
place only subsequently, in

у in a shallow sea. The folding of the mountains took 
the Austrian phase of orogeny.
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The amphibole andesite of Komló is an isolated body of volcanic rock. 
It is not underlain by any deposit younger than Mesozoic. The oldest deposit 
overlying it is the Lower Helvetian congerian complex. Its age is subject to 
discussion (Helvetian? Eocene?)

Of the cycles of dislocations that affected the deposits described above, 
the Austrian phase developed the principal elements of the entire Mecsek 
structure and the Rhodanian phase brought about imbrications, over
thrusts and normal faults, the latter partly parallel, partly perpendicular to 
the main strike of the mountains. The folds have not, except for the marginal 
ones along the feet of the mountains, resulted in intense vertical disclocations. 
The faults parallel to the strike (longitudinal faults) are partly connected with 
the folding of the mountain, partly with strike-slip dislocations. There are 
numerous transversal faults (faults perpendicular to the strike of the mountains) 
which “effected sinuosities in the strike of the strata, that is, they also brought 
about largely horizontal dislocations” (V a d á s z, 1935).

Results

The uncorrected palaeomagnetic results are shown in Table III. The in
dividual groups of samples invite the following comments.

Table III. Direct measurement results
Legend: N/Nir ratio of evaluated to collected samples

D mean declination
I mean inclination
к Fisher’s precision parameter
a° radius of the confidence circle at the 0.95 confidence level

Sampling locality N/No Г k a°

Demagnetiza
tion step 

yielding mini
mum scalier, 

in Oe

1. Zengővárkony ...... 0/5 — — — —
2. Maré vár valley . . . . 0/9 — — — — —
3. M áré vár valley ......... 4/5 350.4 + 51.5 27.0 18.0 100
4. Márévár valley ......... 4/5 227.7 -60.1 60.0 12.0 0
5. Hosszúheténv ........... 5/6 298.7 -39.1 36.0 12.8 200 - 300
6. Jánosi Nagy valley . . 6/6 205.4 -73.3 50.0 9.6 0
7. Márévár valley ......... 0/7 — — — — —
8. Jánosi puszta............. 0/2 — — — — —
9. Máza valleyhead .... 3/3) -- 4 . — — 200

10. Máza vallevhead .... 2/21 216.1 -45.9 17.0 13.9 100
11. Máza valleyhead . . . 3/61 — — — — 100
12. Kövesd-Peak . .... 0/9 — — — — —
13. Komló . . ... 10/10 S2.4 + 61.8 112.0 4.2 0

1. Zengővárkony, Dezső-Rezső valley; trachydolerite pillow lava. In = 
= 180-10~5cgs, Qn — 0.8. The deviations between the individual values 
within the group are rather slight for both parameters. The direction of original 
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remanent magnetism exhib.ts a great-circle distribution which includes the 
actual field vector, suggesting remagnetization in the actual field. A.C. de
magnetization brings about random changes in both the direction and magni
tude of RM except for two samples (Figs. 2a,b). No mean RM direction can be
established.

Fig.2. Zengövárkony, Dezső-Rezs5 valley (1)

------- 1------- 1------- 1------ T----- T—
0 200 400 Oe

(a) The behaviour of the direction of RM in the course of AC demagnetization

Legend:
4- : present field direction
* : mean palaeomagnetic fi dd direction
© : direction of initial RM

Directions of RM after demagnet zation at field strengths of:
К : 100 Oe 
Д : 200 Oe 
ф : 300 Oe 
и : 460 Oe

(filled symbol: normal magnetization; empty symbol: reverse magnetization)
dip direction (for numerical ла1ие see Table II.)

(b) The behaviour of the intensii у of RM in the course of AC demagnetization, referred to the
original value as unit. (Alternating-field demagnetization graph)

2. Márévár valley, tra jhydolerite lava (agglomerate). Both the initial RM 
intensity (In) and the Koenigsberger ratio (Qn) exhibit strong fluctuation, 
the former in the range of 47 to 760-10-s cgs, the latter in the 0.1 to 10.8 range.
The directions of the initial RM are randomly scattered (Fig. 3a). The RM di
rection in samples of high Qn is relatively stable during demagnetization; 
in samples of low Qn it vaiies randomly. The RM directions of samples show
ing the same direction of n agnetization after the individual stages of demagne
tization are far apart, with both normal and reverse directions occurring. 
Variation of intensity is as on the example shown as Fig. 3b. No mean RM di
rection can be given.
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(a) (b)
Fig. 3. Márévár valley (2)

(a) Original RM direction. Legend as in Fig. 2a
(b) Alternating-field demagnetization graph
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3. Márévár valley, trac lydolerite dyke. In = 160-IO-5 cgs, Qn — 0.7. The
mean RM direction was cc •mputed from the 100 Oe demagnetization value
(Fig. 4a). RM practically disappeared after the application of a 200 Oe alternat
ing field in Samples 812 and 817, and after 400 Oe in samples 815 and 817
(Figs. 4b,c).

4.. Márévár valley, tracmydolerite lava. In = 2600-IO-3 cgs, for all
samples. The mean RN diiection was determined from the initial RN direc-
tions (Fig. 5a), because the demagnetization of the samples (Fig 5b) does 
not affect the RM direction.

(a)
(b)

In it
Vig. 5. Márévár valley (4)
al RM direction. Legend as in Fig. 2.

Alternating-field demagnetization graph

5. Trachydolerite dyke 
6b,c show two typical denn 
computed after 200 Oe dem;

Hosszúhetény. ln = 74-IO-5 cgs, Qn = 0.32. Figs, 
agnetization graphs. The. mean RM direction was 
agnetization for the samples of one type and after

300 Oe for the other type (Fig. 6a), because the secondary-magnetization com
ponent is harder in the second type.

6. Jánosi Nagy Valley, trachydolerite lava. In = 2198-IO-5 cgs, Q n = 
= 10 to 50. RM intensity decreases about uniformly during demagnetization, 
dropping to about 5 percen ; of the initial value after the application of 300 Oe. 
(Fig. 7b.) The direction of magnetization is unaffected. The mean RM direction 
was determined from the initial values (Fig. 7a).

7. Márévár valley, trai:hydolerite lava. 1 n = 174-IO-5 cgs. In the bourse
of magnetic washing, the direction of RM is displaced in both types of samples, 
those with higher Qn{ + 1) and also those with lower Qn {4- 0.4). The parameters 
of confidence of the mean RM direction belonging to the minimal scatter (sub
sequent to 100 Oe demag 
= 25.0° (Figs. 8a,b).

retization) are unfavourable enough: k = ß, a =

8. Jánosi puszta, trachydolerite pillow lava. Owing to the unfavourable 
conditions of disclosure, this sample group consists of just two samples insuf
ficient for an independent evaluation.
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(")

Fig. 6. Hosszúhetény (5)
(a) RM directions subsequent to 200 and 300 Oe demagnetization, respectively. Legend as in Fig. 2. 
(b), (c) Types of alternating-field demagnetization graphs

Fig. 7. Jánosi Nagy Valley (6)
(a) Initial RM direction. Legend as in Fig. 2.
(b) Alternating-field demagnetization graph
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9. Máza valleyhead, amphibolic teschenite. 7n = 44-10 5 cgs, Qn 4- 0.3. 
The scatter of the RM direcions is minimal after the 200 Oe step of demagneti
zation. Intensity varies in 

10. Máza valleyhead,
t le manner shown in Fig. 9b. 
phonolite. I = 0.58 • 10-6 cgs, Qn = 0.4.

11. Máza valleyhead, phonolite dyke. Three samples of this group have 
been discarded for exceedirgly low Koenigsberger ratios (ф„<0.1). For the re
maining three samples, In = 0.39-IO-5, Qn = 0.27.

(a) (b)

Fig. 8. Márcvár Valley (7)
(a) RM values of minimal scatter (after 100 Oe demagnetization). Legend as in Fig. 2.
(b) Alternating-field demagnetization graph
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Both groups (10 and 11) were demagnetized up to 600 Oe (alternating), 
but the measurement to a sufficient accuracy of the RM values remaining 
after 100 Oe would require a higher sensitivity than that of the instruments 
now at our disposal. For these two groups, we determined the mean RM direc
tion from the data measured after 100 Oe demagnetization, as these yield a 
smaller scatter than the original RM directions. For the volcanic complex of 
the Máza valleyhead, we computed the mean RM direction from the totality 
of the data for iccalities 9, 10 and 11 (Fig. 9a).

12. Kövesdtető, phonolite. The low intensity as compared to the sensitivity 
of our instruments (Tn = 0.41 ■ IO"5 cgs) and the irregular behaviour - pre
sumably also due to insufficient accuracy of measurement — on RN demagne
tization forbid for the time being the palaeomagnetic evaluation of this group 
of samples.

13. Komló, amphibole andesite. In = 122-IO-5, Qn = 1.0. In the course 
of magnetic washing, the direction of RM does not change; the variation of its 
intensity is as in Fig. 10b. The mean RM direction was computed from the 
initial values (Fig. 10a).

Oe

Fig. 10. Komló (13)
(a) Initial KM direction. Legend as in Fig. 2.
(b) Alternating field demagnetization graph

The significant deviations in mean RM directions are due to dislocations 
of the volcanic rocks in the course of geohistory, subsequent to their RM 
magnetization. On the assumption that the strike of the sedimentary complex 
in which the volcanic rock is embedded is the tilt axis, the tilt correction if any 
can be performed on the basis of the data represent!ig the actual structuial 
situation listed in Table II. The data corrected for tilt about a horizontal strike 
axis as summarized in Table IV and plotted in Fig. 11 (sets of three data) 
cluster about two points, = 349,3: Ц = 51.2 and D2 = 83.1; Z2 = 61.0. The 
mean difference between the two groups is significant in the declination value.
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Table IV. Mem palaeomagnetie directions of evaluated
san pie groups after tilt correction

Sam] ling locality

Márévár valley ь...................... 350,0 + 51.5
M áré vár valley 0* ............................. 180.0 — 53.0
Hosszúheténv (f )...................................... 255.5 — 56.0
Jánosi Nagy val ey (6) ........................ 158.0 — 51.5
Máza valleyheac (9 to 11) .................... 274.0 — 64.5

Komló (13)* . . ...................................... 82.4 + 61.8

* without t t correction

Conclusions

1. Conclusions as to the origin of natural remanent magnetization can on 
the basis of the data measi 
numbers, the behaviour of

nired so far be drawn from the intensity values, Qn 
' the individual samples under AC demagnetization.

and the consistency of data within the individual sample groups. It turns out 
that the original TRM of the saple groups 4, 6 and 13 is preserved without 
change. In sample groups 
effaced since the origin of 
tion came to exist (IRM, 
In the rock of locality 1, se: 
lava agglomerates 2, 7, and 
of several effects. The origir

3, 5, 9, 10 and 11 the original TRM was partly 
;he rock, and secondary components of magnetiza- 
/RM) which can be effaced by magnetic washing, 
■ondary magnetization is dominant. The RM of the 
8 is both in direction and magnitude the resultant 
al thermoremanent magnetization can be considered 

owing to the dislocations undergone in the course of cooling as the resul
tant of PTRM’s of various
by the very nature of its о 
cooling.

mentation, and the resultant magnetization cannot
•igin reflect the geomagnetic field of the time of
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2. Of the sample groups evaluated (3, 4, 5, 6, 9, 10, 11, 13), 3 and 13 exhibit 
normal magnetization, the rest are reversed. Hence, the main period of volca
nism (the Valanginian stage) is characterized by a geomagnetic zone of negative 
polarity. Sample group 3 (trachydolerite dyke) suggests with its normal magne
tization a distinct magnetic episode.

3. Applying the tilt correction established for the external flank of the 
Márévár anticline (Table II) to the sample group 3, the mean direction sub
sequent to the correction becomes inconsistent with the Cretaceous field di
rection, whereas without correction there is no such inconsistency. Hence, 
this dyke was emplaced subsequent to the folding of the anticline, its normal 
magnetization being younger than the reverse one of the other magmatites.

4. The mean value of the tilt-corrected means of sample groups 4 and 6 
and of the uncorrected mean of group 3, D = 349.3; I = 51.2 fits the mean 
direction DE = 6.9; IE = 54.9 computed for the Mecsek Mountains from the 
Eurasian set of data (Table I). These rocks are in their original position except 
for the tilt. The tilt-corrected data of the sample-groups 5 and 9 to 11 differ 
mostly in declination from (DE, IE). The deviation gives a clockwise rotation 
of the latter rocks about a vertical axis relative to the Márévár anticline. Also 
the emplacement of the Komló andesite (Group 13) preceded this rotation.

5. The rotations about a vertical axis revealed by the palaeomagnetic 
data have the same general tendency as the deviations in strike from the strike 
of the Márévár anticline, which can be read off the geological map at the samp
ling localities 5, 9 to 11 and 13. The rotations determined by palaeomagnetic 
means interpret at the same time also the deviations in strike. Conversely, 
the deviations of the strikes measured at the localities 5, 9 to 11 and 13 give 
a further possibility of correcting the main palaeomagnetic vectors of these 
groups. The twist corrections are 45° for 5, 55° for 9 to 11 and 95° for 13, all 
counterclockwise.

Table'V lists the VGP values obtained after tilt and/or twist correction 
for each sample group. The pair Ф = 81.0; Л — 172.5° obtained as the 
mean of the first five (Fig. 12) is considered ás the VGP coordinate pair valid 
for the Lower Cretaceous. The VGP yielded by sample group 13 will have to

Table V. VGP coordinates obtained after tilt and/or twist correction

Sampling locality я- ф° Geomagnetic pole

Márévár valley (3) .................................................................... 225.0 75.5 northern
Márévár valley (4) .................................................................... 196.0 77.5 southern
Hosszúhetény (5) ....................................................................... 112.5 66.5 southern
Jánosi Nagy valley (6) ............................................................ 254.0 69.0 southern

92.0 63.5 southern

Mean (3, 4. 5, 6, 9 to 11)* ................................................. 172.5 81.0

Komló (13).................................................................................. 258.0 79.0 northern

* computed from the mean directions corrected for tectonic position of the sample groups, with 1) ~ 4.8°,
7 = 17.4°
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be interpreted in more detail after the clarification of the precise age of this 
geological body

Fii?. 12. Cretaceous Eirasian VGP’s with the mean direction (cf. Table I) 
Legend:

• : VGP
+ : mean Cretaceous Eurasian VGP
+ : Lower Cretaceoi s VGP .computed from Mecsek Mountains data (cf. Table V)
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SUMMARY

The possible errors of the ghost parameters determined from the autocorrelation function 
of the ghosted trace have been investigated. The range of errors in T (delay between primary and 
ghost reflections) is ±4 ms (if ks 0.2) and the relative errors in к (reflection coefficient) vary 
between -30% and +50% (if? г 40 ms).

The errors in these paraméteres significantly influence the ghost rejection capability of 
the deghosting filter (Table III). Better methods for the determination of ghost parameters 
should be developed to improve the effectiveness of deghosting f ilters.

Introduction

The detection and elimination of ghost arrivals have been widely discussed 
in literature. Less attention has been paid to the limitations of the techniaues 
pioposed. These limitations play, however, an important role in interpretation. 
()ne is obviously interested in the consequences of having filters with incorrect 
parameters ifit turns out that estimations may yield incorrect values.

The methods used to attenuate ghost energy may be grouped as single
channel and multi-channel (mostly two-channel) techniques. The advantages 
of the multi-channel technique are obvious. But this technique requires special 
shooting patterns (Schneider et al.). Once the recorded data to be processed 
have been made on a single shooting geometry and field work is completed 
one is compelled to use single-channel filtering, no other choice being left. 
A single-channel filter for rejection of ghost reflections has been devised by 
Lindsey (I960) The Laplace transform of the weighting function of the 
filter reads

F(s) = --------——
1 — k H(s)e sT (1)

6 ANNALES — Sectio Geologien — Tomiis XTI.
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where к = near-surface reflection coefficientreiiecwou
filter accounting for differences in the shapes ofH(s) = near-surface 

primary and ghost wavelets, 
= delay between primary and ghost reflections.T

In many cases,
and it is not necessary to 
filter then simplifies to

primary and ghost are of approximately the same shape 
involve the near-surface filter H(s); the deghosting

F{s\ =
1

1 — ke~sT
(2)

This filter may be realised as a
1960). The digital realizati

Robinson, 196€)

___ _ simple feed-back system (Lindsey, 
ion using the z-transform method is also well-known

The filter in the simp 
which may be determined
trace (Lindsey, 1960) 
the effectiveness of the deghosting filter.

ified version contains two parameters the values of 
from the autocorrelation function for the ghosted 
The errors of these parameters obviously influence

A" series of statistical investigations has been carried out m the years 
1967 and 1968 to obtain quantitative information about possible errors in esti
mates concerning the parameters T and k, and about their inf uence on the ghost 
attenuation capability of the corresponding filter. Part of these investigations

A series of statistical

is reported in this paper

Determination ( f T and к using autocorrelation functions

The connexion betwei;n the autocorrelation function of the original trace 
trace has been discussed by Lindsey (1960).and that of the ghosted trace has been discussed by Ыnosey psouj. 

His analysis is reviewed and somewhat extended below. Possible sources of erroi
p -oblem treated is that of a single ghost.

free of ghosts and representing the primary reflection
__  _ ___ ’ ’ у f(t). Its truncated autocorrelation function deter

mined for a time gate of tl le length — f0 is by definition

will be pointed out. The p
The original trace

sequence will be denoted I

Vit ( r) =
1 

ii-^o

(Let us suppose that the 
where rmax represents the 
shifted version.)

|r| S Tmax-

ength of the original trace is at least ^^^о + Тщах, 
maximum delay between the original trace and its

i eration the shaping effect of the near-surface earthLeaving out of consid - -
filter, the ghosted trace may be described by the function

(4)

where к denotes the reflect on coefficient of the near-surface reflection complex 
and T denotes the delay between primary and ghost reflections.
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The autocorrelation function of the ghosted trace is
t,

1 Г=----------- g(t) g(t + r)dt =
К — /

'o
I h

= 7 t I [7W-V(*-T)w + t) kf(t-T+r)]dt = 
h J

1 С к С= -—7 fWf(t + t)dt----------- -T + r)dt-
h-to ri

к r1 k2 r-;—г f(t ~ +T) dt+~— I ~ T+dt-L ~ h> J tx -t0 J
г0 h

Comparing the terms with the autocorrelation function of the original trace we 
obtain

УжМ — (1 + к2)<р^(т) — к\(р^{т — T) + (pff(r + 7’)]. (5)

The autocorrelation function for the ghosted trace consists of three com
ponents each of which lias the shape of the autocorrelation function for the pri
mary reflection sequence. The first component remains in its original place 
and is multiplied by (1+F), whereas the delayed and anticipated components 
change sign and are scaled down by the factor k.

This structure provides a possibility for the determination (or, properly 
speaking, for the estimation) of the parameters T and k.

The negative peak (or trough) at positive time is due to the delayed com
ponent. Its argument indicates the origin of the delayed component and so 
gives the value of T. It is supposed that the unshifted and anticipated compo
nents do not shift the trough. This is obviously an approximation the accuracy 
of which is to be investigated.

I he ratio of the amplitude of the trough to the amplitude of the peak 
at the origin is, by Eq. (5),

<МУ) (1 + ^(T) - k[<pff(O) + <pff(2T)]
' (1 + F^/O) - k^ -T) +

Let us suppose that the values at the arguments T and 2T of the autocorrelation 
function for the original trace are negligibly small compared with the value 
at the origin, i.e.

tpff{T) = - T) « 97(0)
and

У//(2У) ^97/(0) • (7)
Neglecting the small terms, Eq. (6) yields

~^У//(0) = _ к
VggW (1 + F) 97(0) 1 + F

6*
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The left-hand-side of this equation gives the value of the normalized autocorre
lation function for the ghosted trace at r = T. Let the normalized autocorrela
tion function be denoted by ^(r). Then the latter equation simplifies to

-lb' (8)

The connection between and the parameter к is shown in Fig. 2.
By Eq. (8), к may be determined from the amplitude of the trough.

for a ghosted trace
Fig. 2. Connection between the 
amplitude of the negative peak 
and the reflection coefficient к

Fig. 1. Autocorrelation f motion

Eq. (8) is, however,
terms ^(T) and ^(27’) m 
neglections are imposed 1
mechanism. The degree tc
“resolving power” of the 
pidly enough away from

itself only an approximation. The neglection of the 
lay cause some error. It must be emphasized that these 
by the limitations of our knowledge about the ghost 

which the estimate may be correct depends upon the

to a fairly good approxim:

first autocorrelation function, ^(t). If it decays ra- 
its origin, both assumptions made above remain valid 
ation. If, on the other hand, ^(r) is a slowly decay- 
is severally distorted and our ability to detect theing function, the picture is severally distorted and our ability to detect the 

trough as well as the valility of approximations (7) are greatly impaired.
A number of numerical experiments have been made with digital computers 

to estimate the errors in T and k.
Synthetic traces have been constructed by summarizing Ricker wavelets 

having random amplitudjs and random consecutive delays. A typical example 
of a synthetic trace is presented in Fig. 3. The trace shown is considered 
to be the primary reflection sequence.

Fig. 3. Synthetic seismic trace

Ghosted traces have subsequently been computed for several values of 
parameters T and k. Some examples of ghosted traces are shown in Fig. 4. 

5 in each case, whereas T varies from 40 ms to 58 irs.The values of к equals 0 
It is remarkable that the ghost reflections are not seen separately on the traces
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Fig. 4. Ghosted traces computed from the synthetic trace 
Paiameteis: к = 0.5; T = 40 ms, 42 ms, ... 58 ms

despite the fairly high value of the reflection coefficient. The appearance of the 
ghost reflections results in a complicated interference which destroys the origi
nal pattern of the primaries. It would be most difficult to determine the nu
merical values of the parameters from the original traces.

The autocorrelation functions of the ghosted traces have been computed 
and the values of T and к have been determined using the method outlined 
above. Two representative examples of these attempts are presented as Figs. 5. 
and 6. In the first case T is fixed at 40 ms and к varies from 0.2 to 0.6. The 
numerical results are summarized in Table I. The parameters determined from 
the autocorrelation function are denoted by Tm and km. The relative errors 
of the к (in percent) are given in the last column.

T = 40 ins

Table I

к Tm ATm km ük
ük
— (in %) 
к

0.2 40 0 0.13 -0.07 -35
0.3 40 0 0.23 -0.07 -23
0.4 40 0 0.32 -0.08 -20
0.5 40 0 0.40 -0.10 -20
0.6 40 0 0.48 -0.12 -20
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?ers to a fixed к and varying T (k — 0.5, T varies 
steps). The numerical results are given in Table II. 
may be considered a function of the delay T. The 
7., where the values of the original autocorrelation 

The second example re 
from 40 ms to 80 ms in 2-ms

The relative error of к 
connection is shown in Fig.
function as well as the relative errors have been plotted against T. The tendency 
is a fairly clear-cut one. Positive values of the autocorrelation function cause 
negative errors. This follows from the structure of the autocorrelation function 
for the ghosted trace, and from the interpretation of the negative peak, the
whole amplitude of which is considered to be due to the delay term: see Fig. 1.

T=C0(ms)

0,3

k-0,2

Fig. 5. Autocorrelation functions
for some ghosted traces 
Parameters: T = 40 ms,

\k-0,5

Fig. 6. Autocorrelation functions 
for some ghosted traces 

Parameters: к = 0.5, T = 40 ms, 
42, . 80 msк = 0.2, 0.3, . 0.6

These and other investigations have shown that the errors in T may be 
+ 4 ms (if Í50.2) and the relative error of к varies within the limits —30 per- 

10 ms). These limits are rather extreme and the 
less. The errors usually decrease with increasing

cent and +50 percent (if T S 
real errors may be somewhat 
T and (or) increasing k.
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Table II

I-=0,5

T Tm ЛТт km Лк — (in %) к

40 40 0 0.39 -0.11 -22
42 42 0 0.46 -0.04 - 8
44 45 + 1 0.57 + 0.07 + 14
46 46 0 0.70 + 0.20 + 40
48 48 0 0.75 + 0.25 + 50
50 50 0 0.70 + 0.20 + 40
52 50 -2 0.66 + 0.16 + 32
54 53 -1 0.57 + 0.07 + 14
56 55 -1 0.42 -0.08 -16
58 58 0 0.35 -0.15 -30
60 61 + 1 0.43 -0.07 -14
62 63 + 1 0.50 0 0
64 64 0 0.46 -0.04 - 8
66 67 + 1 0.44 -0.06 -12
68 68 0 0.52 + 0.02 + 4
70 70 0 0.63 + 0.13 + 26
72 72 0 0.60 + 0.10 + 20
74 74 0 0.60 + 0.10 4-20
76 76 0 0.60 + 0.10 + 20
78 78 0 0.52 + 0.02 + 4
80 80 0 0.48 -0.02 - 4

Fi^. 7. The relative error of the reflection 
coefficient к vs. T (dotted line) and the original 

autocorrelation function (continuous line)

Effectiveness of the single deghosting filter

The effectiveness of the filter designed for the attenuation of ghost reflec
tions (the so called deghosting filter) is significantly influenced by errors of 
the ghost parameters. A series of investigations has been carried out to obtain 
a quantitative picture of the effectiveness of deghosting filters with slightly 
deficient parameters.
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A single-channel deghos ting operator may be derived very simply by using
the z-transform method (R 
functions describing the о ri

о b inson, 1966). At first we transform the time 
ipnal and ghosted traces into digital data systems

(i.e. into time series) by sam cling. Let the sampling interval be r, and the delay
T an integer multiple of the sampling interval, i.e.

T = It.

The z-transform of the original and of the ghosted trace will be denoted
by F(z) and G(z), respectively.

The time-domain conn ;ction between original and ghosted traces is given 
by Eq. (4). The corresponding relation in the z-domain is obtained by apply
ing the z-transform to both sides:

G(z) = F(z)-kF(z)zl = (l-kzJ)F(z). (9)

The z-transform of the orig nal trace yields by a simple modification 

G(z) 
1 — kzl

= G(z)
1

1 — kz1
(10)

The latter factor may be considered as the sum of an infinite geometrical series.
Eq. (10) thus expands into

F(z = G(z) (1 +kzl + k2z2l+ . .) (11)
and thus the deghosting oj erator is

1, 0, C, . . , 0, k, 0, . ., 0, k2, 0, . . .
0 1 7 7 21

(12)

The deghosted trace may be obtained as the convolution of the ghosted 
trace and the deghosting operator. It is clearly seen that the operator con
tains the ghost parameters T and k{T = It). As a matter of fact, in practice 
we must apply deghosting operators with slightly deficient parameters Tm 
and km in lack of an exact knowledge about the real values T and k. The ope
rator containing the parameters Tm and km (instead of T and k) may be applied 
in the same manner as the correct one. Some ghost attenuation may be expected 
if the differences between and T and between km and к are small. But it is
obvious that the attenuate 
the differences increase.

n of ghost energy becomes less and less effective as

A subsequent series o:' 
picture of the influences о: 
and ghost wavelets were us
computation and interpretation.

investigations was aimed at getting a quantitative 
these errors. In these experiments single primary 
ed (instead of whole traces) in order to facilitate

Fig. 8.
Some examples for the sums of primary and ghost wavelets are shown in

A large number of deghosting operators containing various parameters
km and Tm were convolved with the primary and ghost complex. The length 
of the operators was alway j 4T. The parameters and the numerical results
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are summarized in Table III. The last 
column, q, gives the attenuation of ghost 
energy in dB, i.e.

10 ri

10 log——, 
Eb

where Ea and Eb denote the ghost energies 
after and before the application of the 
deghosting filter.

Fig. 8. Primary + ghost wavelets for 
parameters

T = 40 ms; к = 0.3, 0.4 and 0.5

T*40(ms)

Ghost energy is not fully eliminated 
even in the cases T = Tm, к = km; this is 
due to the finite length of the operator.

Some examples for deghosted traces are 
shown in Fig. 9. Some results given in 
Table III. are shown in Fig. 10. in order to 
facilitate interpretation. The q values have 
been plotted against Tm for various km values 
(T = 40 ms, к = 0.5). It is clearly seen that 
errors in к influence the results more sig
nificantly than the errors in T.

Computations using other wavelets or 
other synthetic traces gave similar results. 
Limits of errors and limitations of an 
approximate deghosting filter were practi
cally the same for the other synthetic ex
amples.

We may conclude that for more effec
tive ghost attenuation either a better method 
for determining parameters must be deve
loped or other filtering techniques should 
be used which require no exact knowledge 
of the ghost mechanism.

Table III

T = 40ms fc = 0,3

Attenuation ot ghost energy vs. 
the parameters Tm and km

km Tm (ms) -« (dB)

0.1 38 2.9
39 3.3
40 3.5
41 3.4
42 3.0

0.2 38 6.3
39 8.3
40 9.4
41 8.4
42 6.4

0.3 38 7.4
39 13.4
40 41.8
41 13.4
42 7.3

(».4 38 4.0
39 7.0
40 8.8
41 7.1
42 4.2

0.5 38 0.1
39 1.6
40 2.3
41 1.8
42 0.4
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к-0,3
Т-40 ms

Г"= 40 ms 
^=0,2

Тт- 36ms 
кт-0,4

Тт- 38 ms 
к"-0,4

Тт- 42ms 
km- 0,4

Т\ 44ms 
km- 0,4

Tm=40rns 
кт= 0,1

Fig. 9. Primary plus ghost wavelets filtered Fig. 10. The attenuation of ghost energy vs. of the 
parameters Tm and km (T = 40 ms, к = 0.3)by some deghosting filteis
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SUMMARY

The method of downward continuation and its formulas of approximation are studied 
1>y applying the filter theory. It is proved that the transfer functions of the Constantinescu — 
Botezatu formulas are far from that of the theoretical operation. These formulas show strong 
directivity which may give rise to serious misunderstandings in the interpretation of geological 
structural trends.

The sets of coefficients proposed by Oldham, Waithman and Tsuboi give a good approxi
mation of the theoretical operation even in their truncated version. Their dependence on orienta
tion remains negligibly small. It is these formulas rather than others that should be used for 
downward continuation.

Introduction

This is the fourth paper of a series on systematic investigations into the 
concepts and formulas used in modern gravity interpretation. Our studies are 
based on filter theory, which permits a self-consistent and fairly general treatment 
о the topic. The essence of filter theory has already been discussed in previous 
papers (Meskó, 1965, 1966, 1967). A concise summary has been given in the 
second paper of the series. The way of application was illustrated in the se
cond and third papers dealing with smoothing, computation of regionale and 
the second derivative method. Thus we may proceed directly to discuss the 
method of analytical continuation without reviewing the filter theory involved.

The present paper gives an account of investigations on downward conti
nuation. After deriving the transfer function of the theoretical operation we 
shall describe the transfer properties of some practical formulas proposed by 
Constantinescu — Botezatu and Oldham — W: it Iman- Tsuboi. The first group 
(the Constantinescu — Botezatu formulas) is of particular interest, being often 
used by Hungarian geophysicists (F a c s i n a y, 1966, 1967). Thus we con
sidered it necessary to direct attention to the disadvantages of these formulas.
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The second group (the Oldhim —Waithman —Tsuboi formulas) proved to give 
the best approximation to the theoretical operation. The latter formulas have 
been qualified impractical i i their original form because of their cumbersome
ness (the authors gave 31 X 31 coefficients). But even their truncated versions 
(7X? coefficients) assure an excellent approximation.

The transfer functions of some other formulas are available at the Geo
physics Dept, of L. Eötvös Jniversity, Budapest, but will not be presented in 
this paper.

Here, the problem of gravity interpretation is dealt with. It has to be men
tioned, however, for the sake of completeness, that the method of continuation 
may be apnlied to all cases v here the field to be continued satisfies the Laplace 
equation. Thus it applies tc certain magnetic fields and some electromagnetic 
ields as well (R о у, 1966).

The theoretical operation and its transfer function

Suppose the strength о ' the gravity field to be known on a plane denoted 
by Take the ж and у coordinates in this plane. The gravity field may be de
scribed by the function

boC^, У) = 9(x> y^ z = °)
(The subscript “o” refers to “original”.) The aim of the continuation upward 
is to determine the gravity field in another plane, S2, located at a higher level 
i.e. at a larger distance from the sources of the field, and parallel to the plane 
Xj. (Fig. 1.) If there are no sources between the planes Sx and S2, the function 
g(x, y, z) satisfies the Laplace equation in this part of the space:

Лд(х, у, z) = 0.

Tie problem of continuing g^x, y) into the space above the plane is a matter 
of solving equation (1) subject to certain boundary conditions. The solution 
g(x, y, z) reduces to the known values on Xx and vanishes at great distance above 
it:

y(x, y,z = 0) = g^x, y) 
and

Fig. 1. 'Che problem of upward continuation
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This is a classic problem of mathematical physics known as the first boun
dary value problem (or Dirichlet problem) for the plane. The solution may be 
obtained by Green’s theorem, using a Green’s function of the first kind; it has 
the form

74 1
д№>у} = д^’У-^ = ") = — 

2 л
^o(g, dri

[Л2 + (Ж — t)2 + (y- 77)2]3
(2)

where h is the distance between the planes Sx and S2.
The operation (2) may be considered a convolution

дн^’У)
1 h / x

= 71;—;—77 í * y] ■I 2л (h2 + x2 + y)3/2)

This latter equation makes it obvious that the operation in question cor
responds to a linear filtering The input and output of the filter are g0(x, y) 
and gh(x, y), and the weighting function is

s(x,y,h) =----------------------- .
2n(h2+x2 + y2)3^

(4)

The transfer function of the upward continuation, Sup(a>, i/>; h), presents itself 
as the Fourier transform of the weighting function

Sup(w, =
2n(h2+ x2 +y2)3!2

J 7 — h\ co24-w2dxdy = e

The connection between the spectra of the original and continued fields is 
described by the equation

G^co, ip) = Sup(a>, h)G0(m, ip). (6)

Practical applications more often need the inverse operation known as 
downward continuation which consists in deriving the strength of the gravity 
field in a horizontal plane S± below S2 from the field strength in the plane ^2. 
That is, now we have in hand the function g^x, y), and g0(x, y) is to be found. 
Equation (6) yields

= о 7—-----£/,(«,H (7>
bup(w, ip; h)

i.e. the transfer function of the downward continuation is the reciprocal of the 
upward continuation:

1
.--------

— h]/ со2+уа 
e r

а)2 + у2 (8)

It is to be mentioned that the gravity field satisfies the Laplace equation 
between the two planes if and only if there are no sources (i.e. no masses)
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between the planes. Conse ; 
the shallowest depth of the 
Computations may be carri

juently the depth of continuation must not exceed 
bodies causing the gravity field to be investigated, 

ied out formally even in the presence of disturbing
bodies, but they result in a divergent (oscillating) field. It is the appearance
of oscillations that may be
(R о у, 1967). We do not ii 
merit to be mentioned.

If the gravity field t< 
high frequency, it is becau

used to detect the depth of the top of the body
itend to discuss divergence in detail but some points

f be continued downward contains components of 
не there are near-surface masses that contribute to

the field. Such effects shouli be absent by our basic hypothesis. Before embark
ing on the continuation op wation, it is therefore usually necessary to apply a 
high-cut (or low-pass) filte?, which suppresses any near-surface contributions’
to the gravity field. The us 
is justified by practice. On/

e of low-pass filters before downward continuation 
у the smooth part of the field can be continued to

any considerable depth. Tie smooth part does not necessarily originate at 
greater depth, but it may. On the other hand, the rapidly changing part of the
frild is certainly due to nea 
filters have been treated in

’-surface masses, and has to be removed. (Low-pass 
detail in a previous publication: M e s к ó, 1966).

A last remark seems to 
maly field instead of the tot;

be necessary. The operation is applied to the ano- 
al field. But the normal field satisfies the Laplace

equation as well as the total field. It follows from the linearity of the eouation 
that the anomaly field (ths difference between total and normal fields) sa
tisfies it as well.

The weighting function of the downward continuation may be obtained 
from the corresponding transfer function [Eq. (8)] by the inverse Fourier 
transform:

dmdv (9)

The function s(x, y; h) may 
coefficients attached to grid 
spacing d:

then be converted into a digital data system of 
points. Let us consider a regular square grid with

The coefficients are

x =
У =

к-d (к = 0, ±1, i2, ...) 
l-d (I = 0, ±1, ±2, . ..)

(10)

ckl = s(kd, Id', h). (11)
The derivation of digital weighting functions (i.e. sets of coefficients)

outlined above seems fairly 
determined to any accuracy

straightforward. Using a computer the set may be 
required. It suffices to put the values (10) and the

depth of the continuation into the integral (9) which may then be evaluated 
numerically using routine computer programs. The formulas will supply coef-
ficients for arbitrary values 
authors have published sets
assumptions and approximate methods.

of the parameters h and d. Nevertheless, many 
of coefficients (i.e. formulas) derived by various
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An objective appreciation of the formulas proposed can be carried out by 
means of filter theory. For the purpose, the transfer functions of the formu
las are compared with that of the theoretical operation (8). This comparison 
yields a measure of the goodness of approximation. However, before making 
comparisons, let us establish some features of the transfer function belonging 
to the theoretical operation.

After introducing dimensionless variables for frequencies and depth of 
continuation by the definitions

co' = cod, 
ip' = ipd, 

h 
d

Eq. (8) can be rewritten to read

Si co', ip'-, Z) = (]2)

The radial dimensionless frequency g' has been defined by

q' = +/co'2 + y'2

(see e.g. paper II, M e s к ó, 1967). With the new, g' variable Eq. (12) gives

$(e';z) = (13)
Clearly, the transfer performed by the theoretical operation is direction- 

independent.
We expect the results of consecutive continuations referring to depths 

Zi and %2, respectively, to equal a single continuation referring to the depth

Z = Zi+Z2 
i.e.

^(Zi)^(Z2) = ^Zí+Zü)- (14)
Let us check whether this equation holds. We have

^(Zi) =

S(Zi + Z2) = ^+^'.
Hence

^(zJ^(z2) = °™'e™’ = e(zi+z2)e' = s^1 + ^

and Eq. (14) is indeed valid.
For small values of the parameter % (z = 0.5) the difference between the 

original and continued field is relatively small. Amplification equals unity 
for the regional component (i.e. for g' ä 0) and does not exceed 6 even in the 
high-frequency range. For 0.5<%<1.0, the continued maps are similar to 
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second derivative maps of the original field. In this case, the transfer functions 
of the two operations in the middle- and high-frequency range are close to each 
other. They differ, however, even in this case in the low-frequency range.

Fig. 2. Transfer functions of 
the second derivative method 
and downward continuation 

referring to depths 
h = d/2 and h = d

Sappr V'’ %)

The second derivative method completely removes 
the regional component from the original field, 
whereas downward continuation preserves it 
irrespective of the denth of continuation.

If / > 1, downward continuation more strongly 
emphasizes the high-frequency range than any 
other residual or higher derivative method.

The above-mentioned features are apparent 
in Fig. 2. which shows the transfer function of 
the exact second-derivative method and that of 
the downward continuation for the depths % = 0.5 
and f = 1.

Investigation of practical formulas

The practical formulas have the form

= 2 2 Ск19о(х + М,у + Ш), (14)
к I

where the ckl are numerical coefficients which in 
the cases to be studied here constitute a symmet
rical pattern. The transfer function of the right
hand side of Eq. (14) has already been computed 
(Meskó, 1968). It reads

n n

= Coo + 2 2 Cko cos + 2 2 Col eos lv' + 
fc=l 1=1

n n

— 4 2 2 cm cos ty' •
Л=1 Z=l

(15)

Figs. 3. to 9. are two- 
of the following formulas

dimensional representation of the transfer function-i

Constantinescu — Botezatr

Z = 1-0, 
Z = 1-5, 
Z = 2-0, 
Z = 2.5, 
Z = 3.0, 

Tsuboi — Oldham — Waithman: % = 0.5, 
(truncated formulas) у = 1.0.
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In the two latter cases, the transfer functions of the central parts (k = 5, 
Z = 5) of the original sets of coefficients are shown. The part remaining after 
truncation yields a set of coefficient of moderate size, suitable for practical 
application. The original pattern (k = 15, I = 15) is too large to be useful for 
most practical purposes. Figs. 8. and 9. clearly show that even the transfer 
functions corresponding to the central parts approach the theoretical operation 
to a fairly high degree.

Fig. 3. Two-dimensional transfer function 
of Constantinescu — Botezatu’s formula

X = 1

Fig. 4. Two-dimensional transfer function 
of Constantinescu — Botezatu’s formula

X = 1-5

Fig. 5. Two-dimensional transfer function 
of Constantinescu — Botezatu’s formula

X = 2-0

Fig. 6. Two-dimensional transfer function 
of Cons antines Li — Botezatu’s formula

X = 2-5

7 ANNALES — Sectio Geologica — Tomus XII.
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The transfer properties of the formulas proposed by Constantinescu and 
Botezatu are rather far f om the desirable. Moreover, they show strong de-
pendence on orientation
misinterpretations. Wi

and their application may consequently give rise to

which do not exist in re; 
properties of the sets of 
of M e s к Ó, 1967.)

e might discover “structural lines” on the continued map 
:a ity and merely result from the direction-dependent 
coefficients applied. (See also the corresponding part

Fig. 7. Two-dimensional tran ifer function 
of Constantinescu — Botezatr ’s formula

Fig. 8. Two-dimensional transfer function 
of the Tsuboi — Oldham — Waithman formula

Z = °-5z = 3.0

Fig. 9 Two-dimensional transfer function of the
Tsubh —Oldham —Wai thman formula / = 1.0



Gravity interpretations and information theory. IV. 99

The sets of curves

S(q' = Ь30°, a) (k = 1, 2, . . 6)

are shown as Figs. 10. and 11. to emphasize the dependence on orientation of 
the formulas given by Constantinescu and Botezatu. Dependence on orientation 
is strikingly strong.

Fig. 10. Curves representing the 
transfer properties of Constanti

nescu — Botezatu’s formula, £ = 1.5

Fig. 11. Curves representing the 
transfer properties of Constanti

nescu — Botezatu’s formula,^ =2.5

It is sometimes mentioned as an advantage of the Constantinescu — Bote
zatu formulas that they contain few coefficients {к = 1, I = 1) and thus their 
use is very simple. (F a c s i n a y, 1966). Although in the “computer age” 
this “advantage” plays no significant role, it is worthwhile to investigate the 
behaviour of other formulas truncated to the same size. Other sets of coeffi
cients are found to have more favourable transfer properties than those of 
Constantinescu —Botezatu. The dependence on direction of the truncated 
Oldham —Waithman —Tsuboi formulas (к = 1, I = 1) maybe estimated from 
Figs. 12 and 13. The transfer no more approximates the ideal one but remains 
closer to optimal than that of the Constantinescu — Botezatu formulas. Using 
moderately truncated versions (e.g к = 5,1 = 5), dependence on orientation 
becomes negligibly small.

We may conclude that in all instances the Tsuboi — Oldham — Waithman 
formulas should be applied rather than any others. The sets of coefficients are 
given in Table I. If the desired depth of continaution exceeds % = 1, the opera-
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;he Fig. 13. Curves representing the 
transfer properties of the truncated 

Tsuboi — Oldham —Waithman formula
Z = 1.0 (k=l, 1=1)

Fig. 12. Curves representing 
trunc ated Tsuboi — Oldham
Waithman formula z = 0. > 

(k = l, 1=1)

Table I.

Coefficients tor downward continuation
(Truncated

Z = °-5
Tsuboi — Oldham — Waithman formulas)

к
I 0 1 2 3 4 5

0 + 3.657 -0.1 42 + 0.192 -0.095 + 0.051 -0.034
1 -0.742 + 0.( 22 -0.020 + 0.003 -0.004 + 0.002
2 + 0.192 -0.( 20 + 0 -0.003 ±0 -0.001
3 -0.095 +0.( 03 -0.003 ±0 -0.001 ±0
4 + 0.051 -0.( 04 ±0 -0.001 ±0 ±0
5 -0.034 + 0.( 02 -0.001 ±0 ±0 ±0

z = 1-°

к
I 0 1 2 3 4 5

0 + 15.785 -5.Í 47 + 2.185 -1.090 + 0.632 -0.414
1 - 5.847 + i.; 53 -0.487 + 0.224 -0.135 + 0.085
2 + 2.185 -0.^ 87 + 0.153 -0.078 + 0.041 -0.029
3 - 1.090 + 0.Í 24 -0.078 + 0.036 -0.023 + 0.014
4 + 0.632 -0.1 35 + 0.041 -0.023 + 0.010 -0.008
5 - 0.414 + o.( 85 -0.029 + 0.014 -0.008 + 0.005
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THEORY OF AN IN SITU THERMAL CONDUCTIV ITY SONDE

by 
P. SALÁT

(Geophysical Institute of Loránd Eötvös University ) 
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SUMMARY

The author discusses the possibilities of an in situ heat conductivity sonde containing no 
heat source. The sonde is a copper rod placed in the terrestrial heat field. The temperature diffe
rence between the two ends of the rod is measured. From the result the heat flow may be calcul
ated in the knowledge of the geothermal gradient.

The main difficulties of realizing the idea are the necessity of measuring very accurately 
a small temperature difference, the handling of the heavy sonde, and the relatively long duration 
of the measurement.

At the price of surmounting these difficulties, however, in situ values of thermal conductiv
ity encompassing a rock domain of a vertical extent equalling sonde length may be obtained.

1. Introduction

An important problem of terrestrial heat flow measurement is the transfer 
to field conditions of the thermal conductivity values measured in the labora
tory. This is a particularly difficult task if the deposit in question is poorly 
consolidated and highly porous. The uncertainties inherent in any such adap
tation constitute the reason why measurements in situ, in the field, are to be 
preferred. In the following the author will outline the theoretical basis for the 
realization of an in situ sonde suited to determine terrestrial heat flow exclusi
vely out of temperature differences.

Consider the terrestrial temperature field and suppose that it is stationary 
and homogeneous in a certain domain of space (e.g. in a homogeneous layer of 
rock). Insert in that same domain a probe whose thermal conductivity differs 
considerably from that of the domain. The temperature distribution within 
the domain is rendered inhomogeneous by the presence of the probe. If both 
the undisturbed and the inhomogeneous temperature distribution are deter
mined, a comparison of the two yields, in the knowledge of the conductivity of 
the probe, the conductivity of the domain on the one hand and the heat flow 
on the other.
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2. Potential-theory fundamentals

It is expedient to deal 5 nth elongated sondes, as the probes to be placed
in the terrestrial heat field a 
drilled in mines or in the bot 

Let us consider a them 
placed into the borehole, as

Consider an elongated

- ’e most likely to be inserted in boreholes or holes 
;om of the sea.

retical model of the thermal conductivity sonde 
follows:
ellipsoid of thermal conductivity A' placed in a

substance of thermal conductivity A (Fig. 1). The equation of the ellipsoid in 
the xyz coordinate space is

Fig. 1. The model of an ellipsoid 
shape sonde

x2
/Т2

y2+z2 = }
ö2

Let the temperature tend towards 

T = gx, (2)
at a great distance from the origin, g is a constant; 
in the present case it is the geothermal gradient.

The temperature distribution within the 
ellipsoid is then given by

т~ gx
= g'x. (3)

g’ being the temperature gradient within the sonde. 
The external temperature is

T

I A' J .1 gA,x 

— gx—-------- m——
, Л P !1 + A — 1

(4)

The A, function satisfies the Laplace equation.

A,-- 1 1 +— In - — e, 
2 1 - e;

In this equation, I is a positive root of the equation

Ж2 y2 + Z2 j

u2 T Z b2 + l

(5)

(6)

at any point (xyz). For any
tuated on an ellipsoid confoc 
eccentricity

I = const, the corresponding points (xyz) are si
al with the surface of the sonde and having the

' a2 + b2 
, a2 + l

i
T. (?) .



Theory of an in situ thermal conductivity sonde 105

Furthermore,

and

[a2 — b2 11e0 = e, = ----- —12 (8)
B=o L a I

■ (9)
|/=o

The above considerations have been adapted from the book by Carslaw 
and Jaeger [1], with some slight changes of notation.

3. Dimensions of the sonde

The ratio of the geothermal gradient g, prevailing far off the sonde, to the 
gradient д' measured in the sonde is obtained by rearranging (3):

к = Я.= 1+л|- -11 
g' U J

(10)

An approximate value of Ao is obtained making use of the series expansion 
of e0:

Substituting into (10) we have

g' [a2 ( 6 /JI A I (12)

Employing this formula, the author has calculated the gradient ratio К for 
some possible values of thermal conductivity, for copper sondes (A' — 0.930 cgs) 
of various shapes (Table I).

Table I.

9'
„ 9 , К = — values

1
1

a
10 15 20 25 30 40

2. 10~3L J cgs 10.28 5.96 4.12 3.16 2.59 1.979
3 7.18 4.31 3.08 2.44 2.06 1.652
4 5.64 3.48 2.56 2.08 1.796 1.490
5 4.70 2.98 2.25 1.862 1.634 1.390
6 4.08 5.65 2.04 1.718 1.528 1.325
7 3.64 2.41 1.888 1.615 1.433 1.279
8 3.30 2.23 1.774 1.536 1.394 1.243
9 3.04 2.09 1.686 1.475 1.350 1.215

10 2.84 1.984 1.619 1.429 0.315 1.194
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In the possession of the values of Table I we can determine the most ad
vantageous a/b ratio, that is, the best sonde shape.

In order to find out ths best sonde shape let us estimate the error of the 
measurement.

For a copper sonde, Я'/l varies from 100 to 400, and it is justified to drop 
the unity in the parenthesis on the right hand side of (10) Hence,

and solving for Я,

Л = 1+т^9 I

Я'Л = К A a
£_1 K~X 
д'

(13)

(14)

The term actually measured is К = g^'. The value of д' is best determined 
out of the temperature difference between the two ends of the sonde, the length 
of which is 2«:

(15)

Let us calculate the en or of the thermal conductivity Я if the error of T' is 
dT'. Let us consider g as accurate for the time being. From the equation

we obtain the differential

d),

л_ А-Ло
2g« j 
T’

-ГЛ0 -2^a

T'

(Iß)

(17)

whence the relative error cf Я (17 by 16) is 

d/. _ 2ga dT'—

I T' I

(18)

For a constant dT' the relative error of Я is a minimum if the denominator is a
maximum. Now the maximum of the expression

is at
2gaT' — T'3

T’m = 9a-

(19)

(20)

That is, the К value belonging to the minimum relative error of Я is given by

g_ 
д’

(21)g = g =
T'm^a Уфа
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Hence, the most favourable sonde shape is that for which К = 2. If the mean 
heat conductivity of the rocks involved is set at 6 ■ IO-3 cgs, this is realized at 
a/b = 20.

4. Problems of realization

l.l Temperature measurement
Consider a sonde for which a/6 = 20. This is the most favourable shape if 

the thermal conductivity to be measured is around 6-10 ~3 cgs. As the maximum 
possible diameter of a sonde which is to fit the average borehole is 20 cm, 
the length of the sonde as prescribed by the above ratio is 4 metres (a = 200 cm, 
6=10 cm). Let us estimate the temperature difference prevailing between the 
two ends of this sonde.

For an ambient thermal conductivity of 6-IO-3 cgs in the hole, the gradi
ent that builds up in the sonde is, according to-Table I,

2.04'
(22)

Let us set the undisturbed gradient at g = 2.5 degrees centigrade per 100 metres. 
The temperature difference is then

T' = д'Ча 0.050 degree centigrade (23)

If the sonde is thinner (a = 100 cm, b = 5 cm), and the thermal conductiv
ity poorer (2 = 4-10-3 cgs), we have, for the same gradient as above,

T' = 0.020 °C (24)

These estimates show up the main difficulty of the measurement envisaged, 
namely, the need for very accurate temperature measurement. From (18) we 
obtain for К = 2 

whence the relative error of the thermal conductivity thus measured is about 
twice that of the temperature measurement. Thus in the above two examples 
an accuracy of 10 ~3 degree centigrade in temperature measurement entails 
an accuracy to within 4 and 10 percent, respectively, of the thermal conductiv
ity derived therefrom, disregarding every other theoretical and practical source 
of error.

A temperature measurement to an accuracy of 10 ~3 degree centigrade is 
relatively simple in the laboratory, but the gradientmeters employed in the 
field do not yet attain this sensitivity.

The possible ways of solution are:
a) thermocolumns,
b) increasing the sensitivity of thermistor amplifies [2],
c) differential connections of thermosensitive oscillators [3].
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4.2. Displacing the sonde
A further technical dif iculty is the safe handling of the sonde within the 

borehole. The weight of the above-mentioned sonde of 4-metre length is in the 
range of 1.1 metric ton. Sue i a heavy weight will have to be lowered by a very
strong cable. Another possi 
minium.

ale solution is to make the sonde body out of alu-

4.3. Measuring the undistur led gradient
Conventional gradientmeters are well suited to the measurement of the 

original gradient g, and д' maybe determined also simultaneously, as follows;
By the aid of formulas (4, 5, 6, 7) we have calculated the temperature

distribution in the surroundings of the sonde for the parameters a/b = 20 and 
X= 250. The isotherm p;bittern is shown as Fig. 2.

2b

Fig. 2. Isotherms 
around the sonde

constant an

Fig. 3. Theoretical schema of measurement 
of gradient ratio

It is easy to see from the above calculation and is likewise apparent in 
Fig. 2 that at a distance la from the origin the temperature distribution is 
already undisturbed. If ths gradient is measured along this distance, it will 
deviate less than 0.5 percent from true g. Hence, the sondes for measuring g
and д' may be coupled and the ratio of their lengths may be set at 3/1.

If the temperature difierence is to be measured e.g. by means of an appro
priate number of thermocouples connected in series, the schematic circuit 
pattern of the measurement may be of the type shown as Fig. 3.

The galvanometer is reset to zero by the appropriate setting of the resistors 
If and R2. In the knowledge of the resistance readings and of the sensitivity of 
the thermocolumns it is possible to obtain directly the gradient ratio К = g/g'.

4.4. The influence of convection currents in the drilling mud
The isotherm pattern jf Fig. 2. shows clearly that the change of the field

against the undisturbed pattern is greatest at the two ends of the sonde. In 
this vicinity the heat flow in the sonde may be 80 to 100 times greater than 
the original flow value. [Tg' % (80—100)^]. This circumstance makes the 
formation of convection currents in the drilling mud filling the borehole around 
the sonde highly likely, since the liquid column in the hole becomes unstable 
if the heat flow is that strong (Diement and Robertson, [4]). Thus the assump
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tion that the probe is imbedded in a medium of heat conductivity Я might not 
even approximately hold.

In order to eliminate any disturbances due to convection it is expedient 
to prolong the sonde by an attachment whose conductivity closely approximat
es that of the surrounding rock. It seems useful to have several exchangeable 
attachments of this kind. To stop convection currents it is best to give the 
attachment the shape of a “bottle washer” as proposed by Jaeger, Beck and 
Newstead [5].

4.5. Duration of the. measurement
Let us estimate the time needed for the inhomogeneous field around the 

sonde to grow stationary.
At the instant the sonde stops at some point of the borehole, its tempera

ture will differ by some degrees from the ambient temperature. Its cooling (or 
warming up) may be approximately described by considering an infinite cylin
der. Fig. 4. showing these conditions has been adapted from the book by Cars
law and Jaeger. The notations are:

x is thermal diffusivity of the medium surrounding the cylinder,
t is time,

. 2( pc) ambienta is the parameter of the curves with a = ■■------------- 
(pc) cylinder 

p is density and 
c is specific heat.

r 2*0.4In the case considered, a %--------= 1.
0.8

T is the instantaneous temperature of the cylinder,
To is the measure of temperature disturbance.

Fig. 4. The cooling curves of an infinite cylinder after Carslaw and Jaeger

It is apparent from the figure that for a = 1 there belongs to a state, 
approximating the steady state to within a few percent, the value

1? Kt
log — % 1 to 2, (26)

&2



по Salát, Р.

that is, this state sets in in 1 to 10 days. (K = 0.01 cm2 sec-1, b = 10 cm.) For 
a sonde of finite length less time is needed.

Waiting time can be further reduced by decreasing the disturbance, that 
is, by displacing the sonde in small steps down the borehole.

The deformation of the homogeneous field into an inhomogeneous one 
takes place simultaneously with the setting in of thermal equilibrium in the 
sonde. The final isotherm pattern corresponds approximately to the fields 
of two point sources of opposite sign superposed onto a homogeneous field.
Let us consider as a rough approximation of the sonde a point source of inten
sity q whose discharge beg ns at t = 0. According to [1] , the temperature field
of such a source is

4лКг 4Kt
(27)

By the calculation presented in 4.3., the temperature deviation along 
the sonde axis, at a distar ce of 2a from the origin, is about 2 percent of that
arising at a, that is, at the end of the sonde. Let us now ask at what time after 
“switching on” does the temperature deviation attain 1 percent, that is, half 
the full value? Let r = 2a —a = a = 200 cm, К = 0.01; since 

erfc 0.5 = 0.48,
and

if

then

Solving for /0, we have

200
0,50 =---------------

/4-0.01^ 

t0 = 4 ■ 106 sec « 40 days.

(28)

(29)

(30)

(31)

(32)

Hence, a point situat id at a distance of 2a from the origin will attain 48 
percent of the full disturbance in 40 days. Of course, nearer to the end of the 
sonde the temperature attains the steady state much more rapidly.

This calculation is but a very rough approximation. The real situation is 
very complicated. In any case it is apparent that a heat conductivity value 
representative of a larger lomain of space must be paid for by a prolongation 
of the measurement.

The accurate determii ation of optimum duration necessitates further theo
retical and practical resea -ch. A possible solution is to avoid the steady state 
aid, after having determined theoretically or empirically the rate at which 
the temperatures tend towards equilibrium, to register the front ends of the 
curves only and to infer therefrom the temperature distribution of the steady 
state.
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5. Ways of refining the theoretical model

The above calculation has been carried out under the assumption of a 
highly conductive (X s> Л) ellipsoid placed in a medium of conductivity X. 
This is essentially the model of a sonde introduced into a borehole. In the 
following we shall investigate the influence of the mud surrounding the sides 
and the ends of the sonde and of the casing. As a second approximation let us 
set up the following model:

The sonde is an ellipsoid of conductivity Á'. (Z = 0 at its outer surface.) 
Let the mud and the casing be approximated by an ellipsoid confocal with the 
sonde and having a conductivity of with Z = lt at its outer surface. Outside 
this ellipsoid there is rock of conductivity Л. At a great enough distance from 
the sonde, the direction of the heat flow passing trough the rock is parallel to 
the long axis of the sonde.

The author has established that solution of the Laplace equation which 
satisfies the appropriate boundary conditions. The gradient ratio derived from 
the solution is

(1 - fi)(e - n)EtL ■ А ц + (Eg - - eAo) (33)
fi^Ei.-A^)

Most notations signify the same as above; the 
newly introduced symbols are

(34)

(35)

] _ z>3
^ = А,--- ^--4- (36)

eo 1 - e?

By the aid of the above formulas one can 
calculate the heat conductivity of the rock, prov
ided the thickness d of the mud and its heat con
ductivity are known , even if the sonde does not 
snugly fit the hole. For a sonde of unit radius 
(6 = 1), ____ _

d = /1 +1' - 1

Fig. 5. The model of a sonde 
taking into consideration the 

influence of the mud

(37)

Detailed calculation proves that a thin layer of mud causes very little distortion, 
that is, it is expedient to employ a sonde fitting the casing as closely as possible.

If the heat conductivity of the mud is unknown, it is possible to employ 
two sondes of different a)b ratios. From the values measured with these two 
sondes, Л, can be determined.

The influence of mud and casing can of course be better approximated 
with more complicated models more closely resembling the real conditions.
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О ТОЧНОСТИ ИЗМЕРЕНИЯ ПРОТОНО-ПРЕЦЕССИОННЫМ 
МАГНИТОМЕТРОМ

П. СЕМЕРЕДИ
Геофизическая кафедра Будапештского университета им. Л. Этвеша 

(Подписано к печати: 21 июля 1968 г.)

SUMMARY

For a unification of the basis values of the magnetic observatories to apply the proton- 
pre^ession magnetometers is proposed. This suggestion is based on the supposition that the a.c. 
current flowing in the probe coil cannot affect the precession frequency to a considerable degree. 
The paper presents the verification of this supposition.

В основе измерения напряженности геомагнитного поля протонно
прецессионным магнитометром лежит соотношение

= (1)
где to — прецессионная частота магнитного момента протона; ур — коэффи
циент гиромагнитной пропорциональности и F — абсолютная величина 
геомагнитного поля.

Величина коэффициента пропорциональности у известна с весьма ма
лой погрешностью (ур = 2,67513 • 104±0,2 рад. гаусс-кек-1).

Получив величину со по измерениям, по вышеуказанному соотноше
нию можно вычислить значение F. Не учитывая ошибку ур, погрешность 
величины F будет пропорциональна погрешности со.

Измерение прецессионной частоты со может осуществляться при по
мощи катушки, включающей в себя протонный образец. Данная катушка 
имеет двойное предназначение.

С одной стороны, на этапе подготовки к измерению частоты, через нее 
пропускается ток, магнитное поле которого вызывает ядерную поляриза
цию в протонном образце. С другой стороны эта же катушка служит, после 
прекращения поляризующего тока, для наблюдения над протонной пре
цессией. При этом парамагнитная ядерная поляризация, вращающаяся 
вокруг геомагнитного поля, возбуждает переменное напряжение. Частота 
этого переменного напряжения аналогична прецессионной частоте. Усили
вая переменное напряжение можно измерить частоту. Погрешность изме-

S ANNALES — Sectio Geologien - Tomus XII.
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рения частоты тем меньше, чем больше отношение сигнал/шум у сигнала, 
применяемого для измерения частоты. Поскольку переменное напряжение,
возбуждаемое протонной прецессией в катушке, имеет очень низкую вели
чину (порядка 1 мкв), он( близко по значению к уровню термических по
мех. Фон помех сигнала увеличивается за счет усиления, в связи с чем из
мерение частоты выполняется, при таких условиях, при весьма неблаго
приятном отношении сигн1л/шум.

Преобразуя катушку зонда в колебательный контур, резонансная 
частота которого аналоги!на прецессионной частоте, можно в значительной 
мере улучшить отношение сигнал/шум. Отношение сигнал/шум, существу
ющее при измерении часткы, увеличивается с улучшением качества коле
бательного контура, а также с увеличением мощности, подаваемой на вход 
усилителя. Если эти условия выполняются, то увеличивается противодей
ствие колебательного кон гура зонда на протонную систему. Ток, протека
ющий через колебательнь й контур зонда, возбуждает магнитное поле, из
меняющее свободную пре щссию протонов.

Возникает вопрос, в какой мере данное противодействие колебатель
ного контура зонда измен дет прецессионную частоту, связанную с магнит
ным полем интенсивностью F.

В типичных случаях интенсивность переменного тока зонда, настроен
ного на частоту со = ypF, имеет величину порядка 10-7 А. При существу
ющих конструкциях зондов в катушке, в поляризационном участке воз
буждается магнитное поле порядка 100 Э/А. В связи с этим ток колебатель
ного контура вызывает в протонном образце переменное магнитное поле 
интенсивностью порядка гаммы.

В дальнейшем будет показано, что сравнительно интенсивное магнитное
поле — порядка 1 гаммы — 

Поведение вектора п
влияет на прецессию лишь в пренебрегаемой мере, 
арамагнитной ядерной поляризации выражается

системой дифференциальных уравнений Блоха.
Пусть вектор напряженности геомагнитного поля F будет параллелен 

оси z, а ось катушки зонда — оси х системы координат. При этом система 
дифференциальных уравнений Блоха может быть записана в виде

М Mx-coMv + -^ = О у т
1 2

М/ Г + QM. + ыМх 4- —^ = О у z х
1 2

М. + QMV 4---- - = —-у т т1 2 ' 1

/2/

где Му, М2 — составляющие вектора ядерной поляризации, выполня
ющего прецессионное движение; МР — статическая ядерная поляризация, 
возникающая на воздейстш 
та, создающаяся в геомап п 
ная частота”, являющаяся

ие геомагнитного поля; т — прецессионная часто- 
[итном поле F; Q = Q(t) = ypHx(f) — „прецессион- 
[ следствием переменного тока 1(f), протекающего 

в катушке зонда, коаксиальной оси х координатной системы.
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Переменный ток, протекающий в колебательном контуре зонда вы
полняет условие дифференциального уравнения

* 1 г 4-гLI-RI + — Id =---- -пАМх /3/
С J 108о

где L, R и С — соответственно самоиндукция, сопротивление потери и ем
кость настройки колебательного контура зонда; п — число витков катушки 
зонда и А — поперечное сечение протонного образца.

На воздействие переменного тока I(í), протекающего в соленоидообраз
ной катушке длиной I, в протонном образце возбуждается напряженность 
магнитного поля

нх(0 = Rt).

В данном магнитном поле создается прецессионная частота

Q(t) = YpHx(t)=^pRf)7p.

Подставляя Rt) в /3/, после упорядочения получаем:

L LC JО
№

< +
1 MfQt

1 +
/ 2а> 1

Нами были введены параметр собственного времени a>t = х и обозначе- 
d / V ние---- = ( ) .
dr
Посмотрим порядок получаемых величин:
Порядок величины ур составляет 104, в связи с чем порядок |ßMaKci — Ю"1, 

порядок — 104. Мр 10~2Aír, где Мг — начальная ядерная поляризация, 
возникающая на воздействие вспомогательного магнитного поля.

По соотношениям вышеуказанных порядков величин, четвертым чле
ном и правой стороной уравнения /5/ можно пренебречь и записать послед
нее уравнение в виде

8*

108 IL

Для Мх из /2/ получается интегрально-дифференциальное уравнение
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Коэффициент интеграла (после выполнения замены ß(r) = ßoe(t)) будет 
иметь величину порядка О-4 , следовательно вопрос о пренебрежении им 
остается спорным.

Применяя обозначение

/г 2 / 1X*) = Г-- м;+Ж-+ 1 + ——
.1 ß[ Т2ю I /2ю

Мх ds /7/

наше уравнение принимает вид

Z + —2 = 0.
7\со

Решение данного уравнегия:
А(т) = Ао /8/

Следовательно, полное решение уравнения /6/ сводится к общему решению 
однородного уравнения 

и к партикулярному решению неоднородного уравнения
О / 1 I

М" +----- М'х+ 1 + —— Мх = Г(т) ß(r) 
Т2<9 I Т^21

Однако правая сторона последнего уравнения также равна нулю, так как 
по равенству /7/

Я(0) = о,

а с другой стороны, по /8' z(0) = Ло.
Оба условия могут быть выполнены только при z0 = 0.
Так член уравнения /б/, содержащий интеграл, не оказывает никакого 

влияния на решение даш ого уравнения. Его воздействие может сказываться 
только через члены уравнения /5/, имеющие величины порядка 10~10 — 10~12. 
При рассмотрении системы дифференциальных уравнений, в отношении 
О(г) — кроме порядковых ограничений - не применялись никакие допу
щения. Таким образом, учитывая практические требования к погрешностям 
измерения, можно высказать, что точность измерения не ограничивается за 
счет переменного тока, проходящего через колебательный контур зонда.
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BELEMNITE FALNA СЕ ЕНЕ AMMCNIEE-EKН CAIIOAIAN Г.1 D 
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(Received: 2 Dec. 1968.)

РЕЗЮМЕ

Описывается 10 видов белемнитов из аммонитового слоя келловея Вилланьских 
гор. По ранее опубликованным данным К. Гофманном было определено 5 видов в образ
цах, полученных из этого же слоя. Из них 3 Могли быть выявлены и при переобработке 
материалов.. Обшая картина белемнитовой фауны позволяет делать палеоэкологические и 
палеогеографические выводы. Что касается вопросов хронологии, белемнитовая фауна 
также свидетельствует о келловейском возрасте.

The belemnites studied derive from the classical Callovian deposit of the 
Villány Hills, largely from the Templom Hill locality at Villány and partly 
from Somsich Hill. (Fig. 1.) In the area, belemnites were collected earlier by 
Hofmann, Szontágh, L ó c z у jun., R a k u s z, and lately by 
Коре k. In 1959 a large-scale layer-by-layer collection of fossils was carried

t
N

I

0 500 m

Fig. 1.
Map showing the localities of occurrence of the Villány Hills belemnites
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out under the direction of 1. F ü 1 ö p. The material to be described here was 
put at our disposal by the Hungarian Geological Institute. It was complemented
by the results of our own & 
several hundred specimens

collection in the summer of 1967. A majority of the 
making up the material in hand consists of uni

dentifiable fragments. The hundred or so identifiable ones belong to 10 species.

Outline history of he knowledge of Villány belemnites

The first to mention be emnites from the Dogger beds of the Villány Hills
was Lenz (1872). Hofmann in 1874 collected a rather copious material 
in which he identified five I elemnite species:

Belemnites Württemberg 
Belemnites Gillieroni, M 
Belemnites Argovianus,
Belemnites hastatus, Bhinv.

xus, Opp. 
ay 
May

Belemnites Calloviensis, Opp.
This list was published by P á 1 f у (1901). It was reproduced without change
in Lóczy jun. (1912). 
ammonites of the Villány Hi 
study the accessory fauna 
concerning the belemnites.

Since then, several pap 
published (N о s z к у jun

jóczy jun. in his monograph on the Callovian 
Is (1915) did not, owing to the nature of his treatise, 
n detail and only gave the earlier authors’ data

mention of belemnites has been made.

irs on the geology of the Villány Hills have been 
1959, К as zap 1959, 1961), but no further

Some remark s on paleoecology and biostratinomy

In the Villány Hills, t ie Bathonian and Callovian stages of the Middle 
Jurassic are represented by a complex of layers whose maximum thickness is
10 m. On the Templom Hill it Villány, most of this complex consists of conglo
merate, calcareous sandstone and sandy limestone placed in the Bathonian;
only the uppermost 40 cm is taken up by the Callovian ammonite-rich bed. 
At the other belemnitiferous locality, on Somsich Hill, only the ammonite-rich
Callovian bed crops out: its thickness is about 40 cm there also.

Belemnites occur in the sandy limestone of the Bathonian and in the
ammonite-rich bed of the Callovian. The belemnite assemblages of the two
beds are, however, strikingly 
subfamily Passaloteuthinae;

different. The former contains stocky forms of the 
the latter abounds in species and specimens of

slender, fusiform rostra. The absence of Passaloteuthinae from the Callovian
might be due to the differentiation of their line of evolution in that stage.
However, the absence from 
Belemnopsinae indicates bey< 
also by other features of the 
The belemnites too tend to

the Bathonian sandy limestone of the subfamily 
ond doubt a sharp change in ecology. This is proved 
fauna (Vörös 1968) and by the change in lithology, 
underscore the hypothesis that the slightly bitu-

minous sandy Bathonian lin estone came to exist in a relatively isolated, tran
quil part of the sea, whereas the Callovian ammonite-rich bed was deposited 
in a shallow open sea whose waters were intensely agitated.
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Biostratinomic observations on the belemnites embedded in the ammonite- 
rich bed also indicate an intensely agitated water. The belemnites were often 
embedded as fragments and this relatively abundant assemblage is quite poor 
in rostra fossilized together with the phragmocone. Despite their fair state of 
preservation, no proostracum could be demonstrated on any of the fossils. 
Rostra of scrubbed-down or otherwise damaged surface are frequent (Pl. 4, Figs. 
4 — 5). This is the case particularly with specimens liberated from separate 
stromatolith nodes.

In the big quarry, on the Templom Hill at Villány, several sq. metres of 
the bedding plane of the ammonite-rich bed are exposed. The numerous be
lemnites visible on this plane exhibit no appreciable preferred orientation.

Paleogeographical aspects of the belemnite fauna

The paleogeographical spread of the Jurassic and Cretaceous belemnite 
genera is known in broad outline. Stevens (1963, 1965) stated the sepa
ration of the three great faunal provinces of belemnites (Boreal, Mediterra
nean, Indo-Pacific) to have commenced in the Callovian. The most striking 
manifestation of this process is that the genera of the subfamilies Passaloteuthi- 
nae and Cylindroteuthinae, which in the Bajocian and Bathonian still occur 
together with the genera Hibolites and Belemnopsis, are restricted from the 
Callovian onwards to the Boreal region. In the Bathonian part of the Villány 
sequence, belemnites of the subfamily Passaloteuthinae are rather abundant. 
On the other hand, in the ammonite-rich bed of the Villány Callovian the gene
ra Belemnopsis and Hibolites constitute the bulk of the assemblage, besides 
some species of Hastites and Rhopaloteuthis. This agrees quite well with the 
hypothesis of separating faunal provinces.

A review of the distribution of the individual species has been given by 
Pugaczewska (1961). It is apparent even from the earlier literature 
(G e m m e 11 a г о 1872, Lissajous 1925) that the most abundant spe
cies of the Villány Callovian, H. hastatus, is ubiquitous throughout the Medi
terranean Province.

The distribution of B. subhastatus and R. sauvanausus is similar. H. pri- 
vatensis, B. fusiformis, B. latesulcatus, H. semihastatus and R. gillieroni are 
known from the European part of the Mediterranean region. The extent of 
H. girardoti seems more restricted, but even this species is known from Switzer
land, Poland and Hungary, which suggests that it must occur also in a number 
of other areas, without having been identified thus far. The case with B. semi- 
arcuatus Pugaczewska (1961) is a similar one.

The task of outlining areas of distribution for species and even for genera 
of belemnites is rather difficult, because up-to-date literature on belemnites 
is somewhat scanty.

Chronostratigraphic evaluation

The chronostratigraphic value of belemnites is not very high. Still, a fauna 
rich in species permits some tentative inferences as to the age of the embedding 
deposit.
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The Villány belemnite fauna of ten
forms (Table I).

species is dominated by Callovian

Name

H. privatensis . . 
B. fusiformis . .
B. latesulcatus . 
B. subhastatus . 
B. semiarcuatus 
H. hastatus .... 
H. semihastatus 
H. girardoti .... 
R.sauvanausus 
R. gillieroni . . .

Age distribution of the Villány belemnite fauna

Table I.

Oxfordian

The only form restricted so far to the 
formis.

Bajocian and Bathonian is B. fusi-

B. sauvanausus is frequent in the Oxfordian, but has been described also 
from the Upper Callovian (Waagen 1873-75, Pugaczewska, 1961). 
B. semiarcuatus was described by Pugaczewska (1961) from the Upper 
Callovian: its stratigraphic spread is known only for Poland.

All in all, also the belemnite fauna of the ammonite-rich bed indicates a 
Callovian age. The presence of B. fusiformis beside nine Callovian species mere
ly suggests a longer life span for this species.

Fig. 2.
Dimensions serving as a basis 
for the description of belemnites 
H = length of rostrum, d = length of 

apical portion (between apex and 
maximum diameter), c = maximum 

diameter

Systematic description

In the use of higher-order systematic units we 
have followed the classical system, similarly to 
several other authors (Müller 1965, Puga
czewska 1961, Stevens 1965). Some new 
trends in the systematization of belemnites have 
lately appeared (J e 1 e t z к у 1966), but we 
considered the classical system to be satisfactory 
until the publication of the fundamental syste
matic work (Treatise on Invertebrate Paleonto
logy. M.)

In identification we have taken as a basis the 
traditional morphological features (Krimholz 
1960). The growth index introduced by P u g a- 
c z ewska (1961), which is the ratio of the length 
of the apical part of the rostrum (d) to its maxi
mum diameter (c) (Fig. 2) was found to be useful.
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Suborder Belemnoidea Naef 1912.
Family BELEMNITIDAE d’Orbigny 1845.

Subfamily Hastitinae Naef 1922.
Genus Hastites Mayer 1882.

HASTITES PRIVATENSIS (MAYER) 1866

Plate 1., Figure 1.

1866. Belemnites privatensis Mayer Mayer, Ch. p. 366.

1871. Belemnites Privasensis Mayer Dumortier, E. p. 20.
Pl. III. 1-8.

1961. Hastites privatensis (Mayer, 1866). Pugaczewska, H. 126.
Pl. 3. 1-5.

Number of specimens: 1 (No. 88)

Dimensions: H c d d/c
51 mm 8 mm 15 mm 1,9

Description: Small specimen of fair preservation. Slender, fusiform, elon
gate, with a thin alveolar region. Median portion swollen, gradually thickening, 
apical part difficult to examine, relatively short, gradually tapering. Cross 
section initially circular in the alveolar region, then growing square. In the 
median portion the four edges grow gradually rounded, and the cross section 
of the apical part is circular again. No dorsal or ventral furrow is visible. On 
the lateral walls there is a marked shallow double line from the alveolar region 
to about the beginning of the apical part. Here the furrows gradually flatten 
out and then disappear. There is no apical groove.

Remarks: The author of the species, Mayer, gave but a description; 
the first to figure it was humort ier (1871). Figs. 1 to 6 of his Plate III 
represent specimens from M a у e r’s collection, of which Figs. 1. to 4 show 
the probable holotype. The Villány specimen agrees with Dumortier’s 
figures in size, in its double lateral line and in its square cross section. Accord
ing to its label it was formerly identified as В. württembergicus.

Distribution: The species is known from the Callovian and Oxfordian of 
Europe. According to Roman (1924), it is frequent also in the Upper Batho- 
nian of Southern France. The type was described from the French Callovian.
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Subfamily В e 1 e m n о p s i n a e Naef 1922.
Genus Belemnopsis Bayle 1878.

BELEMNOPSIS FUSIFORMIS (PARKINSON) 1811
Plate 1., Figure 2.

1811. Belemnites fusifor.mis Park.

1842. Belemnites Fleunausus, d’Orb.

1851 — 55. Belemnites /г isiformis 
Park. sp.

1851 — 55. Belemnites Lessinus
d’Orb. sp.

1865 — 70. Belemnites a -ipistillum,
Lwoyd

1904. Belemnites fusiformis, Park.
1961. Belemnopsis fusij brmis

(Parkinson, 1811
non 1829. Belemnites fusiformis
non 1858. Belemnites fusiformis

Parkinson, J. p. 128.
Pl. VIII. 13.
d’Orbigny, A. p. 111.
Pl. 13. 14—18.
Morris, J. —Lycett, J. p. 8 
Pl. I. 6, 8.
Morris, J. —Lycett, J. p. 8 
Pl. II. 5-7. '
Phillips, J. p. 107.
(partim) Pl. XXVI. 64 v’” 
Clerc, M. p. 5. Pl. 2. 5.
Pugaczewska, H. p. 147.
Pl. 10. 1-7.
Phillips, J. Pl. III. 1. 
Quenstedt, F.A. p. 411. 
Pl. 56. 7-12.

Number of specimens: 4 (Ncs. 81, 83, 85, 89).

Dimensions: H c d d/c
81. 61 n im 7.2 mm 36 mm 5.0
83. 40 r im 7.0 mm 21.4 mm 3.0
85. 62 1 im 7.6 mm 35.5 mm 4.7
89. 75 r im 8.0 mm 31.0 mm 3.9

Fragmentary specimen of medium size. Elongate, 
'alls subparallel throughout, convergent only near

Description: (No. 85.) 
slightly fusiform, lateral w
the apex: the apical part is (longate and pointed in consequence. Ventral furrow 
of medium width, with rather sharp edges on the alveolar region and more or 
less flattened ones in the aj ical part. The furrow reaches up to the apex. Cross 
section circular in the alveolar region, ventrally flattening towards and oval at
the apical part. No lateral ines or apical grooves visible.

Remarks: B. fleuriausus introduced by d’Orbigny (1842) is identical
with B. fusiformis on the basis of the shape of its rostrum and of its medium
width ventral furrow reaching up to the apex. Fig. 17. of d’Orbigny is an erro
neous cross section, as his F gs. 14. and 15. show the cross section to be ventrally 
flattened at the maximum diameter. A rostrum figured by Phillips 
(1865 — 70) by the name B. aripistillum Lwoyd (Pl. XXVI, 64 v’”) belongs on 
the basis of its parallel sidss and narrow ventral furrow to B. fusiformis. On 
the other hand, P h i 11 i p s (1829) figured a rostrum by the name B. fusi
formis, which owing to its squatness and pronouncedly fusiform outline cannot 
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be identified with this species. Quenstedt (1858, Pl. 56, Figs. 7 to 12) 
figured some Hibolites by the name B. fusiformis (of. Pugaczewska 
1961, p. 177).

Distribution: This species described from England is known also from 
France, Switzerland and Poland, from Bathonian beds in every case. The 
Villány specimens have come from the Callovian ammonite-rich bed.

BELEMNOPSIS LATESULCATUS (D’ORBIGNY) 1845 
Plate 1., Figure 3.

1845. Belemnites latesulcatus d’Orb.

1910. Belemnites latesulcatus d’Orb.

1932. Hastites latesulcatus 
d’Orbigny sp.

1951. Hibolites latesulcatus 
d’Orb. sp.

1961. Belemnopsis latesulcatus 
(d’Orbigny, 1845)

d’Orbigny, A. p. 301.
Pl. 50. 3-8.
Benecke, E.W. p. 129.
Figure 1, 2.
Corroy, G. p. 167.
Pl. 18. Figure 3.
Jeannet, A. p. 24. Pl. 3.
12., Pl. 4. 3-6.
Pugaczewska, H. p. 150. 
Pl. 11. 1-12, Pl. 12. 1.

Number of specimens. 7 (Nos. 21, 41, 45, 55, 57, 67, 70).

Dimensions: H c d d/c
41. 80 mm 19.0 mm 38.5 mm 2.0
67. 117 mm 13.7 mm 44.5 mm 3.24
70. 73 mm 14.5 mm 38.5 mm 2.7

Description: (No. 67.) Large specimen of fair preservation. Hastate, with 
a relatively broad alveolar region gradually widening towards the median part, 
it tapers into a relatively short apical portion. Alveolar cross section circular, 
median and apical cross section pronouncedly elliptic, flattened dorso-ventrally 
Each lateral wall bears a well visible blunt edge beginning in the alveolar region. 
The ventral furrow is relatively narrow and sharp-edged on the alveolar por
tion, growing broader and shallower with smoothed edges towards the apical 
part. The furrow reaches up to the apex. Specimen No. 55 exhibits well visible 
narrow and shallow furrows which continue also in the apical portion.

Remarks: Specimen No. 45. was according to its label earlier identified as 
B. hastatús On the basis of its subparallel sides it belongs to the genus Belem
nopsis and on the basis of its ventral furrow reaching to the apex and of the 
furrow running along its side it belongs to the species B. latesulcatus.

Distribution: Known from both the Mediterranean and Central European 
area, the species has been identified in Bathonian, Callovian and Oxfordian 
deposits. The Villány specimens derive from the ammonite-rich Callovian 
bed.
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BELEMNOPSIS SUBHASTATUS (ZIETEN) 1830
Plate 2., Figure 1.

1830. Belemnites subhc status Zieten

?1875. Belemnites subnastatus Zieten

1961. Belemnopsis subhastatus
(Zieten, 1827)

Number of specimens: 2 (N

Zieten, C.H.v. p. 27.
Pl. 21. 2a —e.
Waagen, W. p. 14.
Pl. II. la-e.
Pugaczewska, H. p. 154.
Pl. 12. 2. Pl. 13. 1 -7.

os. 45, 80).

Dimensions:
45.
80.

59
50

H 
nm

I mm

c
15.0 mm
9.0 mm

d
45.7 mm
40.0 mm

d/c 
3.41 
4.44

Description: (No. 80). 
lindrical form. Only part c
long and gently, elongatel

Poorly preserved, fragmentary specimen. Long cy- 
f the median portion is preserved. Apical part very 

I у tapering. Cross section ventrally flattened in the
median portion, apical pai t more squashed, of reniform cross section. Ventral 

with somewhat rounded ledges. Proceeding towardsfurrow fairly deep, narrow.
the apex the furrow grows narrower, but the ledges do not flatten out. About 
1 cm from the apex, the furrow tapers out. No lateral line visible.

Remarks: Specimen No. 45 had been identified according to the Hungarian
Geological Institute label t ,s Belemnites hastatus. Both the shape of the rostrum
and the features of the furrow agree well with Zieten’s (1830) type. The 

zsulcatus in its long apical part and narrow ventralspecies differs from B. lat-. 
furrow.

Distribution: In Bathe: 
and Poland. At Villány it

nian and Callovian beds, Germany, France, England 
occurs in the Callovian.

BELEMNOPSIS CE. SEMIARCUATUS PUGACZEWSKA 1961.
Plate 2., Figure 2.

1961. Belemnopsis зек liarcuatus n. sp. Pugaczewska, H. p. 161.
Pl. 15. Figure 1 — 19.

Number of specimens: 2 (bos. 28, 64).

Dimensions: a c d d/c

28. 87 mm 18.2 mm 36.0 mm 1.97
64. 74 mm 19.7 mm 36.6 mm 1.85

Description: (No. 28). Medium size specimen of poor preservation. Hastate. 
Alveolar region missing, median portion relatively broad, slightly thickening 
towards the apex, apical part short. In side view, the rostrum is slightly bent,
the point of strongest cury;ature is nearer to the apex on the dorsal side than on
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the ventral side. Cross section ventrally flattened throughout; flattening more 
pronounced in the apical part. Ventral furrow deep, flattened on the apical 
part and broadened. No lateral lines visible.

Remarks: The characteristic curvature and low value growth index 
identify this form with the type described by Pugaczewska (1961). 
There is, however, a difference in size, as the type has a length of but 40 mm, 
whereas the Villány specimens exceed this size even in their fragmentary state.

Distribution: The type has been described from the Polish Upper Calio vian; 
the Villány specimens are likewise Caliovian.

Genus Hibolites Mayer, 1883.
HIBOLITES HASTATUS (BLAINVILLE) 1827

Plate 2., Figure 3., Plate 3., Figure 1.

1827. Belemnites hastatus Blainville Blainville, D. p. 71. 
Pl. 2. 4 —4a. 5c —i.
Pl. 5. 3 —3a.

1858. Belemnites semihastatus rotundas Quenstedt, F.A. p. 548.
Quenstedt Pl. 72. 13-15, 

Pl. 74., Figure 11.
1865 — 70. Belemnites hastatus, Phillips, J. p. 111.

Blainville (partim) XXVIII. 67, 69, 70
1872. Belemnites hastatus Blain Gemmellaro, G.G. p. 165.

Pl. V. 1-2.
1922. Hibolites hastatus Blainv. 1827. Naef, A. p. 249. 71. 

k.p. 89. f.
1925. Hibolites hastatus Blainville Lissajous, M. p. 36.

Figure 20.
1951. Hibolites hastatus Jeannet, A. p. 23.

Blainville sp. Pl. 3. 6-11.
1961. Hibolites hastatus Pugaczewska, H. p. 165.

(Blainville, 1827) Pl. 16-18.
Number of specimens: 14.

Dimensions. H c d d/c
1. 148 mm 11.5 mm 33.0 mm 2.87
3. 119 mm 20.0 mm 53.5 mm 2.67
4. 141 mm 20.2 mm 47.4 mm 2.33
5. 122 mm 14.2 mm 46.7 mm 3.28

Description: (No. 1). Large, well-preserved, complete specimen. The rostrum 
has the shape of a slender mace, with a relatively thin alveolar, broadening 
median and relatively short, tapering apical part. Alveolus deep (36 mm). 
Cross section on the alveolar region circular, slightly flattened laterally. In the 
median portion, the cross section becomes ventrally flattened and this flatten-
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ing is even more pronounced 
incised in the alveolar regi

in the apical part.Ventral furrow deep and strongly 
tan, with fairly sharp ledges. Towards the apical

part the fu’ raw grows shallower with gradually more rounded edges and tapers
out on the apical part. No 

Remarks No. 37 had
I

section and features of the 
with the type published by

iteral line visible.
been described earlier as В. hastatus Size, cross 

ventral furrow concur in identifying our specimens 
Blainville.

Distribution. This freqr ent species of the Central European and Mediter-
ranean regions has been id< 
localities. It is the most fr

entified at a number of Middle and Upper Jurassic 
rcquent form of the Villány Hills belemnite fauna.

Over and above the specimens, described here the Caliovian ammonite-rich 
bed has yielded several hundred fragmentary ones as well.

HIBOLITES SEMIHASTATUS (BLAINVILLE) 1827
Plate 3., Figure 2.

1827. Belemnites sémihez 
Blainville

'.status,

1865 — 70. Belemnites hi 
Blainville

я istatus,

1951. Hibolites semihasiatus de 
Blainville sp.

1961. Hibolites semihasiatus
(Blainville, 1827)

Number of specimens: 2 (Nos

Blainville, I), p. 72. 
(partim) Pl. 2. 5 — 5a,b.
Phillips, J. p. 111.
Pl. XXVIII. Figure 68.
Jeannet, A. p. 23.
Pl. 4. 1-2.
Pugaczewska, H. p. 170.
Pl. 19. Figure 1-8.

. 44, 76).

Dimensions:
44.
76.

H
60 rim
66 mm

c
13.4 mm
12.7 mm

d
32.4 mm
31.0 mm

d/c
2.41
2.44

Description: (No. 76). S nail fragmentary specimen. Rostrum slender, mace-
shaped, with a slightly thickened median and very pointed apical part. Cross 
section circular in median portion, slightly flattened ventrally near the maxi
mum diameter. Ventral furrow narrow in median portion, medium-deep with
rounded edges. In the apical 
er. The edges are gradually

part the furrow gradually grows wider and shallow- 
smoothed out in the apical part and the furrow

disappears shortly before the apex. No lateral line visible; on the lateral walls
of specimen No. 44 there is a vague flat longitudinal band.

Remarks: The Villány specimens agree well as to shape and size with the
holotype figured by В 1 a i n v i 11 e. According to P u g a c z e w s к a, the
growth index is typical of the species. In her material she observed values rang
ing from 2.0 to 2.8; those o ’ our specimens are also within this range.our specimens are also within this range.

Distribution: This spec es, frequent in Europe, has been mentioned from 
the Bathonian, Callovian and Oxfordian stages. The Villány specimens are 
Calio vian.
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HIBOLITES GIRARDOTI (LORIOL) 1902 
Plate 3., Figure 3.

1902. Belemnites (Hibolites) Girardoti 
Loriol

1961 Hibolites girardoti 
(Loriol, 1902)

Number of specimens: 5 (Nos. 90, 91, 92, 93, 94).

Loriol, P. p. 6.
Pl. 1. Figure 2 — 7.
Pugaczewska, H. p. 181.
Pl. 23. Figure 1-7.

Dimensions. II c d d/c
90. 94.0 mm 14.5 mm 43.0 mm 2.9
93. 76.0 mm 14.0 mm 46.8 mm 3.3
94. 121.7 mm 18.0 mm 55.5 mm 3.1

Description: (No. 90). Large specimen of good preservation. Shape elongate 
fusiform, alveolar region missing, medium portion somewhat thickened, apical 
portion rather long. Cross section circular at middle, ventrally slightly flattened 
near the maximum diameter, circular again in the apical part. Ventral furrow 
short, not attaining the point of maximum diameter. Its median part is deeper: 
in its progress towards the apex it grows shallower without widening and is 
then smoothed out. The lateral walls bear a marked longitudinal prominence. 
Specimen No. 92 exhibits a thin double lateral line.

Remarks: By their circular cross section flattened only in the middle por
tion and by the features of their ventral furrow, the Villány specimens agree 
well with the type published by Loriol (1902).

Distribution: The species had been described from the Lower Oxfordian of 
Switzerland. In Poland it occurs also in the Upper Callovian. The Villány 
specimens derive from the upper part of the Callovian ammonite-rich bed.

Subfamily Duvaliinae Pavlov 1914.
Genus Rhopaloteuthis Lissajous 1915.

RHOPALOTEUTHIS SAUVANAUSUS (D’ORBIGNY) 1842
Plate 4., Figure 1.

1842. Belemnites Sauvanausus d’Orb.

1875. Belemnites Sauvanausus, Orb.

1886. Belemnites Sauvanausus d’Orb.

1900. Belemnites (Hibolites) Sauvanaui, 
d’Orbigny

d’Orbigny, A. p. 128.
Pl. 21. Figure 1-10.
Waagen, W. p. 8.
Pl. II. Figure 6a-f.
Zakrzewski, A.J.A. p. 51.
Pl. I. Figure 15.
Loriol, P. p. 6.
Pl. II. Figure 2.
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1925. Rhopaloteuthis Sauvanaui d’Orb.

1961. Rhopaloteuthis sa avanausus 
(d’Orbigny, 1842

Number of specimens: 1 (No. 95).

Dimensions: H c
59 mm 12 mm

Lissajous, M. p. 42.
Figure 23.
Pugaczewska, H. p. 194.
Pl. 6. Figure 7-8.

d d/c
18 mm 1.5

Description. Complete specimen of excellent preservation. Club-shaped;
alveolar region relatively slender, thin; medium portion strongly thickened, 
apical part short. Cross section slightly squarish in the alveolar region, the later
al walls and the ventral side forming a blunt edge. In the median portion, the 
rostrum is flattened dorso-ventrally: the cross section is elliptical here. In the 
apical part, the cross sectio i is somewhat less elliptic. Dorsal furrow very short, 
deeply incised in the alveolar region, narrow with sharp edges. Narrowing and 
thinning at the beginning of the median portion, it suddenly disappears shortly 
thereafter. The edges are s till sharp near the point of disappearance. Lateral

Dad depressions reaching down to the maximumlines are vague shallow br 
diameter.

Remarks: D’Orbigny on his Plate 21 figures at least 4 specimens. 
His Figs. 4 — 5. show a rosti urn deformed in the lifetime of the animal. Figs. 1. 
to 3. represent a big specimen which was considered the type by subsequent

125, Waagen 1875). The Villány specimen is authors (Lissajous 1
more intensely thinning near the end of the alveolus, wherefore it stands closer 
to Figs. 9 and 10 (paratype) of d’ О r b i g n y. According to the label, the

ad earlier been identified as B. gillieroni.specimen described above h
Distribution: This species occurring both in the Central European and 

Mediterranean regions had been described from the Lower Oxfordian. In Poland
it occurs also in the Upper 1 
the ammonite-rich Callovia

Caliovian. The Villány specimen was collected from 
m bed.

RHOPALOTEUTHIS GILLIERONI (MAYER) 1866.
Plate 4., Figure 2, 3.

1866. Belemnites Gillie'oni May.
1881. Belemnites Gillie,-oni Mayer

1923. Rhopaloteuthis Gillieroni Mayer

1924. Rhopaloteuthis G, llieroni 
Mayer

1961. Rhopaloteuthis gi lieroni 
(Mayer, 1866)

Mayer, Ch.M. p. 365.
Böckh J. p. 10.
Pl. III. 4a-b.
Lissajous, M. p. 47.
Pl. I. 9-9a.
Roman, F. p. 41
Pl. I. Figure 2.
Pugaczewska, H. p. 196.
Pl. 26. 1 - 7

Number of specimens: 3 (Nos. 97, 89, 99).
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Dimensions: H c d d/c
98. 54 mm 11 mm 18 mm 1.65
99. 60 mm 16 mm 27 mm 1.07

Description: (No. 98). Small, of fair preservation. Curved club shape, with 
a long, relatively broad alveolar region. Median portion broadening, apical 
part very short and ending in a curved point, with a small thin apical spine. 
Cross section a rounded square in the alveolar region, with flat lateral walls' 
Cross section of apical part circular. Dorsal furrow medium narrow, strongly 
incised, with somewhat rounded edges. It reaches little beyond the alveolar 
region, shallowing out and suddenly disappearing far before the cross section 
of maximum diameter. The lateral walls bear a marked broad flat sideline dis
appearing before the apical part.

liemarls: Specimens Nos. 97. and 98. agree well with the description by 
M a у e r (1886) and with the subsequently published figures of other authors. 
Specimen No. 99 (Pl. 4., Fig. 2.) deviates from these in its greater thickness. 
According to its label it had earlier been identified as B. argorianus. Despite 
the greater growth index, however, it certainly belongs to the species R. gillie- 
roni by its markedly club-like shape and short dorsal furrow.

Distribution: Species fairly frequent in Europe. It has been indentified 
in bathonian and Callovian deposits. The Villány species derives from the 
Calio vian.
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Plate 1.

Fig. 1. H. istites privatensis (Mayer)
a = ventral view, b = lateral view (No. 88.)

Fig. 2. B< lemnopsis fusiformis (Parkinson)
a = ventral view, b = lateral view (No. 85), c = cross section (No. 81)

Fig. 3. Bt lemnopsis latesulcatus (d’Orbigny)
a = ventral view, b = lateral view (No. 67), c = cross section (No. 21) 
v = vent ral side 
All natural size
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Plate 2.

Fig. 1. Bekmnopsis subhastatus (Zieten)
a = ventral v ew, b = lateral view (No. 80), c = cross section (No. 45)

Fig. 2. Bekmnopsis of. semiarcuatus Pugaczewska
a = ventral v ew, b = lateral view (No. 28)

Fig. 3. Hib elites hastatus (Blainville)
a = ventral v ew, b = lateral view (No. 1) 
v = ventral side 
All natural size
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Plate 3.

Fig. 1. Hib elites hastatus (Blamville)
a = -Ventral л ew (No. 3), b = cross section (No. 101)

Fig. 2. Hib >lites semihastatus (Blainville)
a = ventral v ew, b = lateral view (No. 7в), c = cross section (No. 44)

Fig. 3. Hib elites girardoti (Loriol)
a = ventral v ew, b = lateral view (No. 90), c = cross section (No. Ö2) 
v = ventral side
All natural size
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Plate 4.

Fig. 1. Rhe paloteuthis sauvanausus (d’Orbigny) 
a = dorsal vi ;w, b = lateral view (No. 95)

Fig. 2. Rho paloteuthis gillieroni (Mayer) 
a = dorsal vi :w, b = lateral view (No. 99)

Fig. 3. Rho paloteuthis gillieroni (Mayer) 
a = dorsal view, b = lateral view (No. 98)

Fig. 4. Croi s section of a scrubbed-down rostrum 
witl stromatolith incrustation

Fig. 5. Sert bbed-down rostrum (side view) 
v = ventral side
All natural size
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