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Numeric description of the equatorial section of 
the embryo with two chambers of orbitoid large 
foraminifers
György Less
Hungarian Geological Survey, Budapest

The possibilities of numeric description of the megaspheric embryo with two chambers being of 
primordial significance in stratigraphic evaluation of orbitoid large foraminifers are discussed. The 
development of the embryo is characterized by a new Z parameter changing between 0 and 100, in 
addition to the size of the two chambers. Besides the parameters representing the evolution within 
each evolutionary series, a new S param eter is also introduced, which proved to be relatively constant 
throughout the evolution; thus an evolutionary series can be distinguished. The joint use of the 
parameters Z and S renders unnecessary the description of embryo types by names, i.e. it eliminates 
the subjectivity caused by this on the one hand, and as against the parameters used so far, it allows 
the numeric characterization of any types of embryo without requiring new measurements. The 
possibilities of application are demonstrated by the European Lepidocyclinidae.

Key words: Foraminiferida, Discocyclinidae, Asterocyclinidae, Lepidocyclinidae, Paleogene, biometry

Introduction

The significance of the size and quality of the А-generation embryo of large 
foraminifers is relatively well-known in the determination of taxa (Tan Sin Hok 
1936; van der Weijden 1940; van der Vlerk 1959; Neumann 1958; Blondeau 1972; 
de Mulder 1975; van Wessem 1978; Schaub 1981; Fermont 1982; Setiawan 1983; 
Less 1987).

The determination of the size and quality of the embryo has a double aim: on 
the one hand the distinction between the different but parallel evolutionary 
lineages, and the demonstration of the development of the given taxon within 
the evolutionary lineage on the other. The primary stratigraphic importance of 
the latter is well-known, mostly in the case of Lepidocyclinidae.

There is no problem, in general, with the numeric characterization of the size 
of the embryo. On the contrary, the different embryo types are characterized both 
by names and numerically. Several kinds of numeric characterization have been 
developed. Nevertheless, the correlation of these and of the terms in use is for 
the most part occasional.

In the following, an attempt is made to solve this problem. The suggested 
method is suitable to numerically characterize the equatorial section of the first 
two chambers of any foraminifera; the test, however, was carried out on
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4  Gy. Less

"Orthophragminae" (= Discocyclinidae + Asterocyclinidae, Less 1987) and on the 
А-generation embryos of Lepidocyclinidae, thus only these forms will be referred 
to below.

In the case of the forms to be discussed, the first chamber is called protoconch, 
the second (usually greater chamber) deuteroconch (see also Adams 1987: 
Glossary).

Historic review

As has been mentioned, the numeric characterization of the embryo size is 
usually free of contradictions.

Both in case of Lepidocyclinidae (de Mulder 1975; van Wessem 1978) and in 
that of "Orthophragminae" (Brolsma 1973; Fermont 1982; Setiawan 1983) the 
measurement of the cross diameter (perpendicular of their common symmetry 
axis) of the protoconch and of the deuteroconch, is traditional, i.e. from mid-wall 
to mid-wall (Fig. 1). The Dutch researchers of "Orthophragminae" (see above) 
measured the longitudinal diameter and the length of the whole embryo, 
respectively, and evaluated the results statistically.

In case of "Orthophragminae", the modification of Less (1987) lies in the fact 
that, on the one hand, he measured everywhere the external diameter (this means 
about 10 to 15 pm surplus as compared to the Dutch measurements); and due to 
the frequent deformation of the large-sized embryos, he gave the geometric mean 
of the cross- and longitudinal diameters, both for the protoconch and for the 
deuteroconch, as "medium diameter" (P = VPi Pi and D = VDi D2 respectively), 
on the other. Within the evolutionary series (species), he also marked the 
boundaries separating the evolutionary stages (subspecies) on the basis of the 
"medium diameter" of the deuteroconch.

Fig. 1
Measurement of the elements of 
the А-generation "Ortho- 
phragmina'-embryo by the 
method of Brolsma (1973)

A cta Geologica Hungarica



Numeric description of the equatorial section 5

Fig. 2
Different types of А-generation embryous "Orthophragminae", after Less (1987). A -  
isolepidin; В -  semi-isolepidin; C -  nephrolepidin; D -  semi-nephrolepidin; E -  tryblio lepidin; 
F -  umbilicolepidin; G -  excentrilepidin; H -  polylepidin (="multilocular"); I -  centri- lepidin; J 
-  eulepidin

In the following, in accordance with proper practice, the method of the Dutch 
researchers will be used in case of Lepidocyclinidae, and that of Less (1987) will 
be used in case of "Orthophragminae".

The history of characterizing the form is much more interesting than that of 
the measurement of the embryo size.

The terms for each embryo type were introduced by Tan Sin Hok (1936), by 
van der Vlerk (1959) and by others in the course of investigating the 
Lepidocyclinidae. The etimology of the iso-, nephro-, tryblio-, eu-, poly- and 
multilepidine embryos is very well summarized by Adams (1987, Glossary).

In the case of "Orthophragminae" five types were distinguished by van der 
Weijden (1940) (iso, nephro, tryblio, umbilico and eudiscodine), three types by 
Schweighauser 1953 (nephro-, tryblio- and eulepidine), four types by Neumann,
(1958) (iso-, nephro-, eudiscodine and multilocular), four types by Portnaya (1974) 
(nephro-, tryblio-, eulepidine and polylepidine), while Less (1987) distinguished 
ten types (see Fig. 2), i.e. iso-, semi-iso-, nephro-, semi-nephro-, tryblio-, umbilico-, 
poly-, centri-, eu- and excentrilepidine types. Except in the case of the last author, 
numeric characterization of each type was not carried out.

The terms ending for the most part with lepidine (and in case of 
"Orthophragminae" obviously incorrectly) are supplemented with the term 
anisolepidine in case of Nummulites.

The numeric characterization of the embryo shape (more exactly: of the degree 
of embracement of the protoconch) first occurred in the studies of van der Vlerk
(1959) on Nephrolepidinae, subsequently recognizing that the degree of 
embracement of the protoconch by the deuteroconch bears stratigraphic value. 
The "A" index introduced by him compares the length of the common wall of the 
proto- and deuteroconch to the total length of walls of the protoconch, measured 
either on the external (A0) or on the internal (Ai) side of the wall (Fig. 3). In the 
case of Nephrolepidinae, this is the most widespread method suitable to 
distinguish the chrono-species, but it has two considerable drawbacks.

The first problem is the complicated manner of measurement: this requires the 
preparation of "camera lucida" and the use of a curvimeter. The other drawback

Acta Ceologica Hungarica



6 Gy. Less

Fig. 3
Measurement of the ”A”-index in the case of Lepidocyclinae (using 
Fig. 4 of de Mulder, 1975).

= 100 (Vi —>v2 ) . = 100 (fi —>f2)
' (V1 —>V2 ->Vl ) ' ° fi ->f? —>f 1

is the inability to determine the "primitive", "aniso" as well as of the developed 
umbilico", "excentri", "centri" etc. embryos.

To measure the degree of embracement of the protoconch of Nephrolepidinae 
(i.e. of the grade of development), de Mulder (1975) introduced two parameters, 
the "R" (grade of curvature and "a" (grade of encirclement of the protoconch), but 
he also found the use of the "A" parameter more reliable. Thus the two new 
parameters were neglected.

The embracement of the protoconch of the "Orthophragminae" was measured 
by Brolsma (1973), later by Fermont (1982) and Setiawan (1983). The principle of 
the measurement is the same as that of van der Vlerk (1957), but the procedure 
is simpler (based on Fig. 1: R = 100 h/H i). Thus, the method does not require the 
preparation of drawings and the use of a curvimeter. Nevertheless, this method 
does not eliminate the other drawback of the van der Vlerk (1959) method 
mentioned earlier. This is fairly well demonstrated by the fact that while Setiawan 
(1983) does not use indices greater than 100 to characterize the nearly or 
completely embraced protoconch, Fermont (1982) uses indices considerably above 
100 in these cases.

Less (1987) modified the definition of the "R" index of the Dutch authors to 
R = b /P 2 = b/(b -  a), in accordance with Fig. 4. The advantage of this method is 
that in addition to the "nephro"-type embryo that could be determined so far 
(A = 50%, R = 50%), the "tryblio"-type embryo can also be numerically char-

Measurement technique of the elements of two chamber А-generation embryos after Less 
(1 987), with some modifications, a -  "a” size is positive; b -  "a" size is negative

Acta Geologka Hungáriái



Numeric description of the equatorial section 7

that in addition to the "nephro"-type embryo that could be determined so far 
(A = 50%, R = 50%), the "tryblio"-type embryo can also be numerically char
acterized (R= 100%). Undoubtedly, the "R" calculated in this manner cannot be 
called the "degree of embracement".

In addition to the modified "R", a new parameter, the excentricity ("E"), was also 
introduced (based on Fig. 4: E = (c -  a)/(b -t- c)), which, in addition to the 
description of the "nephro"-type (E = 100%), is suitable for characterization of the 
"centri"-type, not so rare in case of "Orthophragminae". Moreover, E = 200% can 
be accepted as the boundary between the "iso" and "aniso” types, i.e. "E" is more 
suitable to characterize the embryo shape in a wider range than either, "A" or any 
of the "R". Another advantage is that the parameters measured for the embryo size 
and for the modified "R", are sufficient to compute "E". Maybe it is a disadvantage 
that, as compared to "R", three parameters are needed to compute it, but this fact 
caused no problem in practice (Less 1987). Though it is not a drawback, it seems 
to be unusual that "E" displays an inverse correlation with "R", and instead of the 
50% usual in case of the "nephro"-type, "E" defines this form at 100%.

The deuteroconch/protoconch size ratio, the other value characteristic of the 
embryo shape, was given by de Mulder (1975) as the ratio of the cross-diameters 
(in his case DII/DI), and by Less (1987) as that of the "median diameters" (Q = D/P).

Numeric definition of the embryo types

In the following, the directly measurable elements of the embryo are represented 
by these symbols (in case of Lepidocyclinae, the measurement is carried out 
traditionally from mid-wall to mid-wall, while in that of "Orthophragminae", from 
the edge of the first wall to that of the other. Figure 4 demonstrates the latter case, 
but all computations can be performed with the measurement method used on 
Lepidocyclinae):

Pj: cross-diameter of the protoconch,

P2: longitudinal diameter of the protoconch,

Dj: cross-diameter of the deuteroconch,

D2: longitudinal diameter of the deuteroconch,

B2: longitudinal diameter of the embryo,

a: the distance between the "soles" of the deuteroconch and protoconch when the "sole" of 
the deuteroconch lies lower, "a" is positive, and negative when that of the protoconch lies 
lower),

b: the distance between the sole of deuteroconch and the top of the protoconch (the value 
is usually positive),

c: the distance between the tops of the protoconch and deuteroconch (this is always 
positive).

In accordance with Fig. 4, the relationships given below are always valid:
P2 = b -  a,

D2 = b + c,

B2 = b + c -  a = D2 — a,

Acta Geologica Hungarica



8  Gy. Less

a = D2 — B2'
b = D2 + P2 -  B2 = P2 + a,

c = B 2 -P 2  = D 2 - P 2 - a

and this means that, in addition to the measurement of Pi and Di, it is sufficient 
to measure the "a", "b", "c", or P2, D2, B2 or Рг, D2, "a" parameter triplets. 
Furthermore, it is readily apparent that the distance between the centres of the 
protoconch and deuteroconch (d) can be directly computed:

c — 3 2B2 — P2 — D2 1̂ 2 — P2 — 2a
d = — = -  = 2

For the sake of simplicity, when giving the definition of each "ideal" embryo 
type, the "a", "b" and "c" parameters will be used below.

The following "ideal" embryo types could be distinguished:
a) "centri"-type embryo (Fig. 5a) : a = c, or c -  a = 0,

b) "tryblio"-type embryo (Fig. 5b) : a = 0,

c) "nephro"-type embryo (Fig. 5c) : -a  = b, or a + b = 0,

d) "iso"-type embryo -  definition No. 1 (Fig. 5d) : -a  = c, or a + c = 0,

e) "iso"-type embryo -  definition No. 2 (Fig. 5e) : - a = b  + c , o r a  + b + c=0.

The joint case of items d) and e) is demonstrated in Fig. 5f,
when b = 0 and a + c = a + b + c = 0.

f) embryo of one chamber (of absolute "aniso"-type); Fig. 5g : b + c = 0.

It is well known that, in the course of phylogeny, the embryos of both of the 
Lepidocyclinae (van der Vlerk 1957; Adams 1987) and of the Discocyclinidae (Less
1987) show the evolution from the "aniso"- or "iso"-type forms towards the 
"centri"-type ones. Nevertheless, this tendency can be rarely observed in case of 
Asterocyclinidae (Less 1987), while in case of Nummulitidae (Bieda 1963; Schaub
1981), the evolution marks the line from the "iso"-type embryos towards the 
"aniso"-ones.

Taking primarily, the orbitoid forms, into account it seems to be expedient to 
begin by constructing a scale marked by "Z", which extends between 0 and 100; 
in accordance with the traditional view, the two end-points are the f)-type (Z = 0) 
and the a)-type (Z = 100), respectively, while the values of the types between the 
extreme values are as follows:

b) -type: Z = 75,

c) -type: Z = 50 the joint case of types d) and e): Z = 25

Fig. 5
Ideal embryo types, a -  "centri"-type 
embryo; b -  "tryblio'-type embryo; c -  
"nephro"-type embryo; d -  "iso'- type 
embryo of definition No. 1; 
e -  "iso"-type embryo of definition 
No. 2; f -  "iso'-type embryo satisfying 
both definitions; g -  "one-chamber” 
embryo

0 0. 0, O.
A cta Geologica Hungarica



Numeric description of the equatorial section 9

The scale to be realized would roughly correspond to the "A" parameter of 
van der Vlerk (1957), but due to the complicated measurement its application is 
unsuitable. Thus, a parameter must be used which not only indicates the "ideal" 
embryo types, but can be expressed by the values "a", "b" and "c".

Another precondition must be made, namely to realize that Z must not exceed 
the value of 100; it is to be defined that c > a, and this can be easily realized, 
since in the case of "centri''-type embryos, "a" and "c" can be inverted.

After initial testing, it has become obvious that there is no formula which would 
completely satisfy all requirements; thus, as a concession, only the conditions 
below need to be realized:

a) in the case of "centri"-type embryo Z = 100,

when b = 3c = 3a (D2 = 2P2),

b) in the case of "tryb!io"-type embryo Z = 75,

when b = c (D2 = 2P2),

c) in the case of "nephro"-type embryo Z = 50,

when c = 2b = -2a (D2 = I.5P2)

d) in case of the "one-chamber" embryo Z = 0 should be always the rule.

Cases a), b) and c) are the relatively most frequent cases of the "centri"-, "tryblio"- 
and "nephro"-type embryos.

The parameters obtained in this manner are marked by Zi, Z2 etc. Without 
dealing with the details of deduction, the formulae of the apparently useable 
parameters are as follows (in the formulae the absolute value of the expressions 
between vertical brackets must be stressed: |x | = x when "x" is positive; |x | = -x  
when "x" is negative):

_  100 (2b +  c)
1 3b +  c -  3a

A d a  Geologica Hungarica



1 0  Gy. Less

where Z'6 = 3c
5c -  2a ’

and H6(x) = 0.5 + 4(x -0 .5) 
1 + 61X -  0 .51

)

Z7 = 100 (0.5 + (15b + 5c + 25a)) 
12b + 44c -2 0 a  + 118b + 6c + 30a I

3b + 6cwhere Z'7 3b + 11c -  5a

= 100H7(Z'7),

and H7(x) = 0.5 + 5(x -  0.5) 
2 + 61X -  0 .51

In Table 1 the Zi (i = 1-7) values of different embryo types shown in Fig. 6 are 
summarized. Taking also the Table into account, the different formulae can be 
evaluated as follows:

Out of the two simplest formulae, i.e. out of Zi and Z2, only Z2 defines exactly 
an "ideal" embryo type, the "nephro"-type. Further, Zi defines the "centri"-type 
embryo in a rather wide range, thus being unreliable. A further disadvantage is 
that the formulae do not provide information on the object of comparison.

Fig. 6

Drawings of embryos marked by numbers in Table 1

Acta Geologica Hungarica
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Table 1
Ratio of the a, b and c values, and the ratio of the Zj_7 and S 13 parameters of 43 
embryos shown in Fig. 6

Type No. а b с Z 1 Z2 Z3 Z4 Z5 Z6 Z7 Si S2 S3
1 1 9 1 76.00 88.46 100.00 84.21 81.25 100.00 100.00 34.21 35.91 35.71

Бc
2 1 4 1 90.00 95.45 100.00 94.44 91.67 100.00 100.00 44.44 44.29 44.12
3 1 3 1 100.00 100.00 100.00 100.00 100.00 100.00 100.00 50.00 50.00 50.00

о 4 3 7 3 113.33 105.56 100.00 105.88 11250 100.00 100.00 55.88 57.37 57.14
5 1 2 1 125.00 110.00 100.00 110.00 125.00 100.00 100.00 60.00 63.64 6250
6 2 20 5 76.27 86.07 94.00 8229 80.56 87.50 93.10 37.54 38.62 37.03

'  о 
Ь .У 7 2 12 5 82.86 87.84 91.18 85.94 85.00 87.50 90.48 44.25 44.33 42.86
g 2 8 4 17 10 89.80 89.62 88.89 89.00 90.38 87.50 88.57 50.13 50.19 49.24
* § О 3 9 2 6 5 100.00 9211 86.36 9250 100.00 87.50 86.67 57.11 58.57 58.05

10 2 5 5 107.14 93.75 85.00 94.44 108.33 87.50 85.71 61.11 64.29 63.38
3 11 0 3 1 70.00 80.00 87.50 75.00 75.00 75.00 85.71 35.71 37.50 35.37
(U 12 0 3 2 72.73 77.27 80.00 75.00 75.00 75.00 78.95 43.75 44.12 4295
я 13 0 1 1 75.00 75.00 75.00 75.00 75.00 75.00 75.00 50.00 50.00 50.00
>s 14 0 2 3 77.78 7222 70.00 75.00 75.00 75.00 71.43 57.14 57.69 58.38

15 0 1 2 80.00 70.00 66.67 75.00 75.00 75.00 69.23 62.50 64.29 64.38
о 16 -1 3 2 57.14 65.38 70.00 59.09 62.50 50.00 66.67 34.42 37.39 36.12
0- 17 -1 3 3 60.00 64.29 66.67 61.54 6250 60.00 65.22 4231 43.33 43.020)с 18 А 12 17 63.08 63.11 63.79 63.71 6250 65.00 64.10 49.87 49.94 50.44
Б 19 -1 3 6 66.67 61.76 61.11 65.79 6250 68.18 63.16 57.66 57.94 58.37
9i 20 -1 3 8 70.0С 60.53 59.09 67.39 62.50 70.00 6250 64.05 65.65 64.74

21 -1 1 1 42.86 50.00 50.00 41.14 50.00 30.00 43.90 3235 35.71 35.71
О 22 -2 2 3 46.67 50.00 50.00 46.05 50.00 40.91 47.52 4211 43.33 43.51

jCО. 23 -1 1 2 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00
24 -3 3 8 53.85 50.00 50.00 54.00 50.00 57.69 5217 58.00 57.69 56.81
25 -1 1 4 60.00 50.00 50.00 59.09 50.00 64.29 54.55 68.18 70.00 65.87
26 -6 3 4 32.26 38.00 35.00 29.88 40.00 21.43 30.41 35.37 34.89 36.0

8 27 -2 1 2 36.36 38.89 37.50 35.00 40.00 30.00 35.29 43.33 43.51 43.46
28 -6 3 8 40.00 39.66 39.29 39.29 40.00 37.50 38.91 50.00 50.87 49.54

8 29 -8 4 15 45.10 40.70 41.30 44.93 40.00 47.87 43.13 58.78 60.81 57.17
30 -2 1 5 50.00 41.67 42.86 50.00 40.00 56.25 46.48 66.67 70.00 63.40
21 -1 1 1 42.86 50.00 50.00 41.18 50.00 30.00 43.90 3235 35.71 35.71

О 27 -2 1 2 36.36 38.89 37.50 35.00 40.00 30.00 35.29 43.33 43.51 43.46
8 Z 31 1 4 31.58 30.00 31.25 31.25 28.57 30.00 31.21 50.00 55.26 50.93•— Sè-.О 32 -8 1 8 28.57 24.07 28.13 29.17 18.18 30.00 29.23 53.70 68.68 56.14

33 -1 0 1 25.00 16.67 25.00 26.92 0.00 30.00 27.27 57.69 100.00 6250
СМ 34 -5 2 3 29.17 34.21 31.25 26.92 36.36 19.57 27.27 36.15 35.26 36.75

8' Z 35 А 1 3 27.78 28.57 28.57 26.92 28.57 23.68 27.27 44.23 47.22 45.74
36 -7 1 6 26.67 23.91 26.92 26.92 20.00 26.47 27.27 50.00 61.52 5296

"О 33 -1 0 1 25.00 16.67 25.00 26.92 0.00 30.00 27.27 57.69 100.00 6250

8 й
1 1
6 о

37 А 1 2 23.53 26.92 25.00 21.88 28.57 16.67 2222 37.50 37.39 39.39
38 -6 1 4 24.00 23.68 25.00 23.65 22.22 21.43 24.22 44.59 51.33 47.96
39 10 1 8 24.39 20.97 25.00 25.00 15.38 25.00 25.56 50.00 66.32 54.34

.2 2 33 -1 0 1 25.00 16.67 25.00 26.92 0.00 30.00 27.27 57.69 100.00 6250
40 -8 1 2 13.79 16.67 15.00 1250 18.18 8.82 1277 33.33 3276 40.14

.2 41 14 1 4 1224 12.86 13.89 11.99 11.76 10.00 1277 36.30 45.24 49.12
са 42 -3 0 1 10.00 7.14 1250 11.29 0.00 11.54 1277 40.32 90.00 6250

chamber 43 -1 0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0/0 0/0 0/0

Acta Geologica Hungarica



2 2  Gy. Less

It w as necessary to produce the formulae Z3 to Z7 with the aid of the Нз(х) to 
H7(x) distorting functions, since among the outlined conditions a) to d), the case
b) should be also satisfied, and the functions Z'3 to Z '7 satisfy only the conditions 
of a), c) and d).

Am ong the "ideal" embryo types, these formulae mark at least two types, 
moreover Zó represents three of them. In addition to the "centri"- and 
"nephro"-types, Z3 exactly marks the boundary case of the "iso"- and "aniso"-types; 
moreover, Z3 = 25 when b = 0 and a + b + c = a + c = 0.

Another advantage is that these formulae have some concrete meaning - with 
the exception of Z7. Thus, Z3 is inversely proportional to E, i.e. to the formula 
comparing the distance of centres of the two chambers of the embryo to the half 
of longitudinal diameter of the deuteroconch

E = 7— , when Z3 > 50, 
b + c J

and  when Z3 <  50,

further when E <  1,

and  when E > 1,

then E = 2 -0 .0 2  Z3,

1ЬепЕ=Ш г ; '

then Z3 = 100 -  50E,

л  „  50then = Y  ■

Z4 compares the distance of "soles" of the two chambers to the longitudinal 
diameter of the deuteroconch.

Let X = t- 2- ,  then if Z, >  50, 
b + c

and  when Z4 < 50,

w hen X > -  

and  when X < - 3'

0.04 Z - - 3
XwiUbe: X= ô œ z ^ /

0.08 Z4 -  7
X will be: X = —  as well as,U.lo
„  . . . ,  -, 100 (2X + 3)Z4 W1II be: Z4 = 4S_ 2X ' •

^  .... -, 700Z4 will be: Z4 = g - ^ -

Z5 compares the distance of "soles" of the two chambers to the longitudinal 
diameter of the protoconch, i.e. Z5 is proportional to the known

0.04 Z3 -1
■, when Z5 >  50, R will be: R = ---------------

R (b + c) ' 

a n d  when Z5 <  50, R will be: R =

2
0.01 Z5 

2 -  0.02 Zs '

further, when R > 0.5, 

an d  when R < 0.5,

Z5 wiU be: Z5 = 25 (2R + 1),

Zs will be: Zs = 200 R 
2R+1 '

Zó also takes the distance between the "soles" of the two chambers, but compares 
it to the distance between the "tops" of the two chambers.

Let T = “ , then if Z6 >  50, Tw ill be: T =
0.04 Z6 - 3  
3 -  0.02 Z6
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and if Zé <  50, Twill be: T =  ^  ,T will be: T =
0.02 Z5 -  3

further, when T >  0.5,

and when T <  -0.5, ^6 will be :Z6 =  T5 r .

It is to be noted that this formula compares the distance of the two centres as 
well, since if

In addition to the fact that the formulae Z3 to Z7 represent exactly at least 2 
"ideal" embryo types, they mark other "ideal" emryo types with less accuracy. This 
is especially valid of Z5 which indicates the "centri"-type embryo with uncertainty 
and is absolutely unsuitable to distinguish between the "iso"- and "aniso"-types. 
Similarly, Ze marks very unprecisely the "nephro"-type embryo.

In accordance with the above discussion, Z3 and Z4 bear the greatest advantages 
and have the least drawbacks. Their application in pair is also suggested, since 
they indicate alternatively the "ideal” embryo types. Figure 7 shows the scatter 
diagram of the Z3 and Z4  values of 97 "Orthophragmina" and 11 Lepidocyclina 
populations. This figure shows the close correlation between the two parameters, 
but shows something else, too.

Anyone who has followed our argumentation up to this point, will have noticed 
a conspicuous omission, namely that the discussion of the "eu"-type embryo has 
been carefully avoided.

It is a fact that the definition of this embryo type is much more problematic 
than that of the others. It is characteristic for this type, primarily in Eulepidinae, 
but also in some Orbitoclypeus, that the wall of the deuteroconch is usually thicker 
than that of the protoconch and the D 1/P1 and D2/P2 ratios are lower than those 
of the trybliolapidine embryos of similar Z-value. Nevertheless, it is clear that the 
Z-values in themselves are unsuitable to separate the ”eu"-type embryos.

Consequently, it is probable that in addition to the size and degree of evolution 
(Z), a third parameter must be introduced. Since, however, both the size and the 
degree of evolution indicate the state of development within the evolutionary 
series, it is expedient to introduce this parameter when the evolutionary series 
can be characterized, i.e. a constant characteristic of the evolutionary series can 
be expressed.

In Fig. 7 it can be observed that Eulepidinae, some species of Orbitoclypeus (O. 
varians) and, for instance Asterocyclina alticostata, approach the right lower corner 
of the scatter-diagram, while some Discocyclinae (D. pratti, D. dispansa) tend rather 
towards the left upper corner of the diagram. This tendency supports our claim 
that a constant may exist which would essentially explain the fact of, in the case

Y =  Y =  an d T  =  1-2Y2c 2

The "embryonal constant” (S) and its computation

Acta Geologica Hungarica



14  Gy. Less

E is U
2 -2 5  distribution diagram of the European "Orthophragmina" and Lepidocyclina populations 
(number of individuals at least 6). A -  Discocyclina archiaci; В -  D. discus; C -  D. pseudo- 
augustae + D. fortisi + D. stratiemanuelis; D- D .  spliti; E -  D. broennimanni + D. augustae, 
F -  D. dispansa; G -  D. kingae + D. radians, H -  D. euaensis; K -  D. aaroni + D. pratti 
L -  D. minor; M -  D. pulcra; A -  Nemkovella evae, A -  N. strophiolata; 1. Orbitoclypeus 
ramaraoi; 2. O. marthae; 3. O. varians; 4. O. furcata; 5. O. douvillei; 6 . 0. katoae, + -  
Asterocyclina stellata; x -  A. alticostata; о -  Lepidocyclina; (Eulepidina), •  -  L. 
(Nephrolepidina)

of plasma emission of the protoconch of given quantity (which can be described 
by the D i/P i and D2/P 2 ratios, respectively), how the deuteroconch is able to 
include the protoconch, whilst during the phylogeny both the quantity of plasma 
emission and the degree of embracement have been changing.

It is our guess, that this constant (if it exists) should be characteristic of the 
plasma density. It can be accepted that the denser plasma of given quantity would 
embrace more heavily, and thus less, the protoconch than the less dense one, and 
vice versa: to achieve embracement of the same degree, a greater quantity is 
needed in the case of denser plasma than in case of the less dense one. 
Consequently, the plasma forming the "eu"-type embryo is probably less dense
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than that of the plasma forming the "tryblio"-type embryo. The constant to be 
determined (S) indicates most probably the viscosity of the plasma.

This index, however, should not, or only to a minimum extent, correlate with 
the embryo size and with the Z-parameters, which show both evolution and close 
correlation among each other (Fig. 8).

It is shown in Fig. 7 that Z4 /Z 3 provides a relatively constant value for many 
evolutionary series. Z4/Z 3 varies around 1; it is more expedient, however, to fix 
the average value as 50, so

when the "eu"-type embryos provide an Si value of about 40 to 45, while the 
"tryblio"-type embryos vary between 48 and 55.

It follows from the concrete definition of Z3 and Z4 described above that Si 
looks indirectly for the distance of the "soles" as compared to the distance of the 
chamber centres.

The Si values of the embryo types demonstrated in Fig. 6 are summarized in 
Table 1. It also follows from this table that, in the case of joint application of Si 
and Z3 or Z4, all the "ideal" embryo types can be distinguished in the following 
manner:

a) in the case of "centri"-type embryo (c -  a = 0)

Z ,=
100 z4
S, +50

= 100,

b) in the case of "tryblio"-type embryo (a=0) 

Z3 (S, + 50)
z4 = - 100 - = 75,

c) in the case of "nephro"-type embryo (a+b=0)

100 Z, 
Z j = S, + 50

= 50,

d) in the case of "iso"-type embryos definition N o.l (a + b = 0)

Z3 + Sj = 80.5 — 83 and 2Z4 + Sj = 111.5 — 115. Extreme values Indicated in Table 1,

e) in the case of "iso"-type embryos definition No.2 (a + b + c = 0)

Zj(S] + 50)
100 = Z4 = 26.92,

0  in the marginal case of the "iso"- and "aniso"-type embryos (a + 2b + c = 0)

100 Z4
Z3 = S ^  = 25'

g) in the case of the one-chamber embryo (b + c = 0)

Z3 = Z4 = 0

In accordance with Table 1, the Si parameter can be suitably used in the 
Z3 =25-100 interval; in case of the "aniso"-type embryos however it shows strong
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distortions. Fortunately, the "aniso"-type embryos rarely occur -  at least among 
the "Orthophragminae".

Having tried to make further Z-parameter couples according to the above or 
similar methods, it was found that only the S2=100 Zi /Z 2-50 gives values similar 
to Si, in the interval of about Z3 = 35-100, but in case of smaller values also shows

D (D,) (pm)

28 32 36 40 44 4 8 52 56 6 0 6 4 68 72 76 80 84 88 92 96 100 Z3

Fig. 8
Z3-D  (Di) distribution diagram of the European "Orthophragmina" and Lepidocyclina 
populations (number of individuals at least 6 ) For Legend see Fig. 7
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strong distortion, though differently than the Si parameter. Based on Table 1, it 
can be stated that S2 separates the "iso-" and "aniso-" type embryos in too large 
an interval.

The other means of computing up the S parameter is to test the formulae, Figs 9, 
10 and 11 show the relation of

^ 2  _  b +  c c _  c . , 2c _  1 „
D2  +  P2 2b + c -  a ' Ujj b +  c -  a 3*1 2c +  b 0.5b 0  3

c +  1

It can be concluded from Fig. 9 that roughly above Z3 = 65, the size ratio of 
the embryo's two chambers does not change, while below this value positive 
correlation exists between Ü2/(D2+P2) and Z3.

Fig. 10 shows an other picture: within the interval Z3 = 70 to 100 there is a 
negative correlation between Z3 and с/Вг, within the interval Z3 =  50 to 70 there 
is practically no correlation, while in case of Z3 < 50 the correlation becomes 
positive.

In accordance with Fig. 11,2c/(2c+b) (which relates to the curvature of the joint 
wall of the proto- and deuteroconch), in the case of Z3>60 shows strong negative 
correlation with Z3, while in the case of values Z3<60, this negative correlation 
is much weaker.

Numeric description of the equatorial section 17
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Fig. 9_________
D2/(Ü2 + P2)-Z 3 distribution diagram of the European "Orthophragmlna" and Lepidocyclina 
populations For Legend see Fig. 7
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Based on these three figures, the conclusion can be drawn that, in the case of 
the primitive ("iso"-, "semi-iso"- and "nephro"-type) embryos, the curvature of the 
joint wall of the protoconch and deuteroconch (b/c and the related 2c/(2c+b) 
parameter) is relatively constant. In the case of medium-developed ("nephro"-, 
"semi-nephro"- and partly "tryblio"-type embryos, the ratio of the distance between 
the "tops" of the protoconch and deuteroconch and of the longitudinal diameter 
of the whole embryo (с/Вг) can be considered to be constant, while in case of 
developed ("tryblio"-* "centri"-type) embryos, the ratio of size of the two chambers 
shows the least variation.

It follows from the facts above that, in order to construct the formulae of S3, 
first 2c/(2c+b), then с/Вг and finally Бг/фг+Рг) must be taken into account as a 
function of the values of Z3 (or E). Unfortunately, the second member should be 
definitely omitted, since in accordance with Fig. 10 it has its maximum at medium 
values, and thus cannot be weighted.

After long term testing, the details of which cannot be dealt with here, the 
following formula proved to be most promising:

Fig. 10
C/B2-Z 3 distribution diagram of the European "Orthophragmina" and Lepidocyclina 
populations For Legend see Fig. 7
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2b + 2c b + c c - a  2c_____ 2_ ^2 E 2c
3_ 2b + 3 c -a '2 b + c -a  + 2b + 3 c - a ' 2 c  + b ~ E  + 2 D 2 + P2 + E + 2 2c + b '

S 'j is essentially the distorted average of D2 /  (D2+P2) and 2c /  (2c+b), inversely weighted 
by E

E + 2 E + 2 = 1 ), which means that it satisfies the above requirements.

In the following the "tryblio"-type embryo possessing the a = 0 and b = c 
parameters will be considered as the etalon, for which S'3 = 2/3.

To fix the S"3 value of this "etalon" embryo at 1/2, first the correction

is performed; then, to adjust the S3 values to the Si values in the range Zs=30 to 
100, the weak distortion of S3=100H(S"3) is performed where

H(x) = 0.5+; 4(x-0.5)
3 +21X -  0 .51

Acta Geologica Hungarica

Fig. 11_______
2c/(2c + b)-Z 3 distribution diagram of the European "Orthophragmina" and Lepidocyclina 
populations. For Legend see Fig. 7
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The S3 values of the embryos shown in Fig. 6  are summarized in Table 1. On 
the basis of the table and of Fig. 12, it is shown that Si, S2 and S3 agree fairly well 
within the interval Z3 = 35 to 100; moreover, Si and S3 agree between Z3 = 30 to 
35. Below Z3 = 30, S3 seems to be most effective and at the same time, as compared 
to S2, to be a solid parameter for distinguishing between the embryos of similar 
Z3 parameters. This is why S3 is presented on the horizontal axis of Fig. 12.

Nevertheless, in practical application, it must be taken into account that the 
"aniso"-type embryo is rather rare in case of larger orbitoid foraminifers. 
Furthermore, in accordance with Table 1 and Fig. 12, Si and S3 show strong 
positive correlation with each other, and finally: Z3 or Z4 and Si complement each 
other fairly well. Thus, it seems perhaps expedient to denote the Si parameter as 
S, i.e. as the embryonal constant. The relative independence of S from the embryo 
size (of D, and of Di in case of Lepidocyclinae), as well as of the state of 
development (of Z3) is shown by Figs 13 and 14.

Similarly, Z3 is chosen, out of Z3 and Z4 to be Z, since on the one hand its value 
does not exceed 100, and it can be better recognized and gives values to different 
embryo types which are in better correlation with the А-parameter of van der 
Vlerk (1959), on the other.

Conclusion

To characterize the two-chamber embryo of larger orbitoid foraminifers, it is 
expedient to measure 5 parameters, i.e. Pi, Di, P2, D2, a; or Pi, Di, P2, D2 and B2, 
or Pi, Di, a, b, and c (see Fig. 4).

Measurement is carried out traditionally from the external wall to the external 
wall in case of "Orthophragminae", from mid-wall to mid-wall in case of 
Lepidocyclinae, and from internal wall to internal wall in the case of Cretaceous 
forms not dealt with here (Orbitoides, Lepidorbitoides, Orbitocyclina etc. -  
van Gorsel 1975, 1978).

In the case of Cretaceous and Oligocene-Miocene forms the embryo size is 
characterized by Pi and D i, respectively, while in the case of "Orthophragminae", 
the application of the

P = Vp, pi respectively), on the other. Within the evolutionary series (species), he also 
marked the boundaries separating the evolutionary stages (subspecies) on the basis of the 
"medium diameter" of the deuteroconch.

To determine the degree of evolution of the embryo, we suggest the formula:
100 (0.5 + (b + a)) 100 (0.5 + (P2 + 2a)) 100 (0.5 + (2D2 + P2-2B 2)

_ b + 2 c - a  + lb + al  “  2D2 -  P2-2a  + 1P2 + 2a I ~ 2B2 -  P2 + 12D2 + P2-2B21 '

while to describe the "embryonal constant", the formula S = 100 Z4/Z  - 50 is 
believed to be most suitable, where

100 (0.5 + (3b + 3c + 9a))_______ 100 (0.5 + (3P2 + Ca)) 100 (0.5 + (12D2 -  9B2))
4 — 10b + 10c- 12a + I2b + 2c + 6a I ~ 10D2 -  12a + 12D2 + 6a I -  12B2 -  2D2 + 18D2 -  6B2 1 '
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1.-------  2 ------  3 ......... .......»  S3
Fig. 12
Z3-Z4- S 1-S 3 nomogram with the points of embryos marked by numbers in Fig 6 and 
Table 1.1. Z4 traces; 2. Si traces, 3. trace of the "iso"-type embryo of definition No. 1

The joint application of the Z and S parameters makes it unnecessary to 
characterize each embryo type by name, thus the related subjectivity can be 
eliminated.
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Fig. 13
S-D(Di) distribution diagram of the European "Orthophragmina" and Lepidocyclina 
populations For Legend see Fig. 7

Application

The application of the embryo parameters is discussed in a separate paper, 
being partly under preparation, in case of "Orthophragminae".

The application to Lepidocyclinae seems to be much simpler. In Fig. 15, the Z 
and S parameters of Lepidocyclinae of well-developed forms from Hungary
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Fig. 14
S-Z distribution diagram of the European "Orthophragmina" and Lepidocyclina populations. 
For Legend see Fig. 7

(Novaj and Miskolc-Csókás, for details see Less 1991), from France (Escomebéou) 
and from Spain (San Vicentede la Barquera, primitive forms; data derive from the 
measurement of the forms of Tables 1-3 of van Heck and Drooger, 1984) are 
demonstrated. The embryo-related statistical data of populations are summarized 
in Table 2.

These data, in the case of the population of San Vicente de la Barquera, correlate 
fairly well with the А-values of Table 2 of van Heck and Drooger, 1984 ("A" varies 
between 27 and 47 in case of Nephrolepidinae; the median value is 35.4, while 
"A" varies between 50 and 91 in case of Eulepidinae and the median value is 68.9). 
Furthermore, it can be stated that, while Z describes fairly well the degree of 
evolution of the embryo in the case of Nephrolepidinae and Eulepidinae, the S < 
42-43 for Eulepidinae and S > 44-45 for Nephrolepidinae are relatively 
characteristic, though with a rather great dispersion.
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Fig. 15
Distribution diagram of S and Z parameters of the European Lepidocyclina-individuals (the 
mean values characteristic of the populations are encircled) Lepidocyclina (Eulepidina). A -  
Escornebéou; B -  San Vicente de la Barquera; C -  Csókás-3; D -  Csókás-4; E -  Novaj, 
sample NL Lepidocyclina (Nephrolepidina); T -  Escornebéou; U -  San Vicente de la Barquera, 
W -  Csókás-3; X -  Csókás-4; Y -  Novaj, sample NL; Z -  Novaj, sample NM
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Table 2
Statistical data concerning the embryos of Lepidocyclina populations of Fig. 15

Pop Taxon N

Pi (|xm) 

Range Mean ±  SE N

D i (gm)

Range Mean ±  SE N

Z

Range Mean ±  SE N

S

Range Mean ±  SE
SV Nephr 15 85- 223 179 ±  10 15 133- 300 228 ±11 12 23-47 29.0 ±  1.8 12 49-60 54.8 ±1.0
C3 Nephr 44 185- 355 284 ±  6 44 210- 565 432 ±11 44 27-60 40.9 ±1.1 44 32-62 48.1 ±0.9
C4 Nephr 17 190- 345 261 ± 1 0 17 330- 570 416 ±16 17 32-58 41.6 ±1.7 17 40-61 49.7 ±  1.3
EB Nephr 7 210- 310 249 +  11 7 345- 495 416 ±19 7 35-58 49.4 ±  2.8 7 40-63 47.1 ± 2 8
NL Nephr 25 200-  280 237 + 4 25 230- 430 364 ±  8 25 29-65 41.7 ±1 .7 25 32-58 44.9 ±1.4
NM Nephr 12 150- 300 218 ± 1 2 12 250- 490 353 ± 22 11 30-50 41.4 ±2.0 11 34-56 45.3 ±  Z0

SV Eulep 22 247- 700 464 ± 26 22 363-1283 772 ±50 19 55-84 71.3 ±1.9 19 33-50 40.2 ±1.0
C3 Eulep 50 430-1080 718 ± 2 0 53 870-1730 1292 ± 25 48 50-% 79.6 ±  1.3 48 30-53 39.8 ±  0.7
C4 Eulep 9 595- 895 726 ± 2 7 10 1130-1475 1301 ±  33 9 75-93 85.0 ±  1.9 9 36-46 4Z0 ±  1.1
EB Eulep 6 560- 935 742 ± 46 6 1100-1550 312 ± 57 6 77-95 86.3 ±  2.3 6 35-46 41.4 ±1.6
NL Eulep 21 510-1380 911 ±  58 22 1065-2410 1590 ±74 21 67-98 89.6 ±  1.5 21 27-48 37.9 ±1.2

Symbols: Pop -  population; Nephr -  Lepidocyclina (Nephrolepidina); Eulep -  L. (Eulepidina); SV -  San Vicente de la Barquera, (statistical data concerning 
Pi and D] after van Heck and Drooger, 1984); C3 -  Csókás-4; C4 -  Csókás-4; EB -  Escomebéou; NL -  Novaj, sample NL; NM -  Novaj, sample NM
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Midian (Upper Permian) foraminifera from the 
large Mihalovits quarry at Nagyvisnyó 
(N orth-Hungary )
Anikó Bérczi-Makk
Hungarian Hydrocarbon Institute, Budapest

Based on the foraminifer assemblage, the studied section of the quarry of Mihalovits of the Nagyvisnyó 
Limestone Formation (North-Hungary, WNW of the Nagyvisnyó railway station) can be fairly well 
correlated with the Abadeh Formation, the Upper Permian strata of the Mid-Central Asian regions of 
the Tethys.

The dark-grey, black, bituminous, predominantly thin-bedded, locally lamellar limestone is of a 
wackestone-packstone texture, locally with algal-gravelly intercalations, and indicates a sublittoral- 
intertidal environment. The studied section is a sequence consisting of intraclastic-onkoidic algal 
biomicrites, peloidic biomicrites and microsparites, locally with biosparite intercalations.

The overall occurrence of the following foraminifer species is charasteristic: Pseudovidalina involuta 
Zaninetti Altiner et Catal, Angelina alpinotaurica Altiner, Eoluberilina reitlingerae (Miklukho-maklay), 
Globivalvulina graeca Reichel, Globivalvulim vonderschimitti Reichel, Dagmarita chaiuikchiensis Reitlinger, 
Robuloides lens Reichel, Agathammim pusilla (Geinitz), Agathammim subfusiformis Okimura et Ishii, 
Hemigordius irregulariformis Zaninetti, Altiner et Catal, Hemigordius zaninetliae Altiner, Hemigordius 
abadahensis Okimura et Ishii, Nikitinella septala Sosnina. In the very poor Fusulinacea assemblage the 
individuals of the genus Codonofusiella are represented with conspicuous frequency.

Sedimentation occurred in an isolated shallow lagoon. The joint occurrence of taxa of the foraminifer 
association is indicative of a quiet, low-energy sublittoral environment close to the wave base.

Key words: Upper Permian, Upper Midian, Nagyvisnyó Limestone Formation, Foraminifera, North 
Hungary, Nagyvisnyó, Mihalovits quarry

Historic background

One of the best exposures of the Nagyvisnyó Limestone Formation, known from 
several localities of the Bükk Mountains (North Hungary), is found in the quarry 
of Mihalovits, WNW of the railway station, on the northwestern side of 
Nagyvisnyó (Fig. 1).

The rich foraminifer fauna of the black bituminous limestone of the Bükk 
Mountains was studied by many workers (Rakusz 1932; Majzon 1955; Schréter 
1959; Rozovskaya 1963; Balogh 1964; Szabó 1964; Sidó, Zalányi and Schréter 1974; 
Bérczi-Makk and Pelikán 1989). Opinions differ, however, as regards the 
chronostratigraphic classification.

Rakusz (1932) assigned it to the Lower Permian, since "foraminifera also fit well 
into this age".

Address: A. Bérczi-Makk: MOL. Rt, H-1311 RO.Box. 43 Budapest, Hungary
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Sketch-map of the great Mihalovits quarry, with the directions of profiles

As to Majzon (1955) "the dark limestones of the Nagyvisnyó environs may 
represent an age younger than Carboniferous, in which the representatives of the 
family Fusulinidae are lacking, and instead of them Glomospira are of frequent 
occurrence".
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Schréter (1959) correlated the faunal assemblage of the Upper Permian limestone 
of the Bükk Mountains with the Bellerophon-bearing strata of the Southern Alps 
and Northwestern Dinarides, with the middle and upper Productus-bearing 
limestone of India, with the Loping of China and with the fauna of Djulfa in the 
Ukraina and that of the Northern Caucasus.

In the course of processing the Fusulinidae in the Institute of Paleontology of 
the Soviet Academy of Sciences, Rozovskaya (1963) drew the following conclusion 
concerning the Fusulinidae of the Bükk Mountains: "in the Permian dark-grey 
limestone sequence of the Nagyvisnyó environs (being separated from the 
Carboniferous by a 200 m thick variegated schist and sandstone sequence), only 
one piece of Fusulinida was found, and this is probably a representative of the 
genus Codonofusiella. It is accompanied by Mizzia and Lagenida. In all parts of 
the Paleotethys this assemblage is characteristic of the Upper Permian".

In his monography on the Bükk Mountains, Balogh (1964) assigned the 
lowermost strata of the western side of the large quarry to the Upper Permian.

In the section made in the Mihalovits quarry of Nagyvisnyó, Szabó (1964) 
unambiguously assigned the formations of the exposure to the Upper Permian, 
separating its middle ostracod-bearing black clayey limestone as the Mihalovits 
Member.

In the dark-grey limestones of the Upper Permian of the Bükk Mountains, which 
can be characterized by calcareous-algal, glomospiral-agathamminal microbio
facies, the representatives of the foraminifer genera Nodosaria, Pachyphloia, 
Robuloides and Nummulostegina predominate, according to Sidó (in: Sidó, 
Zalányi and Schréter 1974).

Based on the Baisalina (foraminifera) fauna, the age of the Nagyvisnyó 
Formation is believed to be lowermost Dzulfian by Antal and Balogh (1980).

In accordance with the most recent state of knowledge, a detailed description 
and microfacies study of the section (sampling by Péró) was published by Csontos 
(1983).

Kozur (1985) recognized four ostracod zones in the Nagyvisnyó Limestone 
Formation, two zones belonging to the Dzulfian (Petasobairdia bidentata, Parvikirkbya 
fueloepi) and two to the Abadehian (Parvikirkbya transita, Carinaknigthina baloghi).

PeSic et al. (1986) correlated the Upper Permian sediments of Western Serbia 
and Slovenia with the corresponding formations of the Paleotethys, among others 
with the practically complete Upper Permian sequence of the Bükk Mountains.

Only a preliminary microfaunal list was prepared for the 21th European 
Micropaleontological Colloquium (Bérczi-Makk and Pelikán 1989). The present 
paper contains the results of foraminifer studies in detail. Accordingly, the section 
of the Nagyvisnyó Limestone Formation exposed in the Mihalovits quarry can be 
fairly well correlated with the Abadeh Formation of the Mid-Central Asian regions 
of the Tethys (Okimura and Ishii 1981), and with the Midian strata of the Northern 
Caucasus (Pronina 1988a, b, 1989).
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Geology

The section of the Nagyvisnyó Limestone Formation exposed in the Mihalovits 
quarry consists of a tectonically mangled dark-grey, grey, bituminous, 
predominantly thin-banked, locally lamellar limestone. In the upper horizons of 
the exposure some dolomitic, anhydride intercaladons are found (Péró 1978). The 
lithostratigraphic column of the sections is shown in Figures 2 and 3.

Silicificadon is characterisdc of the whole of the Nagyvisnyó Limestone 
Formation. Silicificadon acted only upon certain taxa of calcareous algae, ostracods 
and foraminifera. In the case of foraminifera, silicificadon can be observed in the 
species of the genera Glomospira, Hemigordius and Agathammina. This 
silicificadon is usually partial and does not extend over the whole of the fossil 
specimen (Plate XIII, Photo 8), and with the acicular occurrence, it overshadows 
the original structure of the foraminiferal test (Plate VI, Photo 6). It also frequently 
occurs that multi-generation precipitation of quartz can be observed in one 
foraminifer specimen (Plate VI, Photo 9).

Fig. 2
Foraminifer fauna of the BB' profile of the great Mihalovits quarry of Nagyvisnyó. 1. dark-grey 
limestone; 2. black marl; 3. occur; 4.common; 5. abundant
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Rarely, feldspathization can be observed, usually in the forms of the genus 
Glomospira. As a result of epigenic processes, idiomorphic albite crystals of 60 to 
100 micrometers in size and with sharp edges occur in the test of Glomospira.

The direct relationship of the Nagyvisnyó Limestone of the Mihalovits quarry 
to its under- and overlying formations can be traced in the reference profiles 
(Mál-side-I, -II, -III, -IV, railway cut No. V of Nagyvisnyó, profile Gerennavár 
No. 2) and in the strata of boreholes (Mályinka-8, Nagyvisnyó-4, -18, -19). Its 
overlying bed, the Dzulfian series, is known from the borehole Mályinka-8, where 
a rich Dzulfian foraminifer assemblage was found (Bérczi-Makk 1985). Its 
underlying bed was recognized in the profiles in the Mál-side west of the quarry, 
by the borehole Nagyvisnyó-18, and by that of Nagyvisnyó-4 and -19 east of the 
quarry, with characteristic Middle and Lower Midian foraminifer fauna 
(Bérczi-Makk, in press).

Evaluation of the foraminifer fauna in the profiles

The foraminifer fauna of the profile BB'

The foraminifer assemblage containing Abadehella biconvexa Okimura et Ishii, 
Agathammina subfusiformis Okimura et Ishii, Baisalina pulchra Reitlinger, 
Hemigordius abadehensis Okimura et Ishii, Hemigordius irregulariformis Zaninetti, 
Altiner et Catal, Pseudovidalina involuta Zaninetti, Altiner et Catal, Dagmarita 
chanakchiensis Reitlinger, Frondina permice Sellier de Civrieux et Dessauvagie from 
the samples of the BB' profile (Fig. 2) collected at the base of the quarry (registered 
as 25-0 in the collection of Fülöp, and as 166-190 in that of Pelikán) indicate a 
younger Midian age (Okimura, Ishii and Ross 1985).

The species Abadehella biconvexa Okimura et Ishii, Agathammina subfusiformis 
Okimura et Ishi and Hemigordius abadehensis Okimura et Ishii are characteristic 
forms of the Abadeh Formation of Iran.

The very poor fusulinid specimens are represented practically only by the genus 
Codonofusiella, excluding the possibility of assigning the studied profile 
chronostratigraphically as older than Upper Midian.

The foraminifer fauna of profile AA'

Among the biogenic elements in the approximately 33 m thick AA profile of the 
quarry (Fig. 3), the foraminifer taxa follow the calcareous algae in frequency.

The older strata (samples 126-165) are characterized by the abundance of species 
and individuals of foraminifera, with special regard to the general occurrence and 
frequency of Angelina alpinotaurica Altiner, Pseudovidalina involuta Altiner, Zaninetti 
et Catal Hemigordius zaninettiae Altiner, Nikitinella sp., Staffella sp., and Reichelina 
sp.

Angelina alpinotaurica Altiner is the type-species of the Upper Permian "Midian" 
horizon of Turkey. Its occurrence in North Hungary is restricted to a fairly 
well-identifiable horizon of the Nagyvisnyó Limestone Formation. The lower
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lower section of 10 m of the AA' profile included this horizon (Upper Midian) in 
the Mihalovits quarry. According to Csontos (1983), these mollusc, algae and 
lumachella-bearing biomicrites of wackestone and packstone texture were formed 
in a shallow, sublittoral region. Molluscs, foraminifera and lamellar algae 
fragments were most probably gathered by laminar currents. The sediment did 
not form in the zone of intense surf, since its groundmass consists of micrite with 
tiny fragments.

The foraminifer assemblage of the middle section of the porfile (samples 43-125;
15.5 m) is most abundant, both in terms of the species and of the individuals. The 
overall occurrence of the genera Hemigordius, Globivalvulina, Geinitzina, 
Eotuberitina, Glomospira, Earlandia and Monogenerina is characteristic. The 
frequency of the species Eotuberitina reitlingerae (Miklukho-Maklay), Tuberitina 
collosa Reitlinger, Earlandia dunningtoni (Elliott), Globivalvulina graeca Reichel, 
Globivalvulina vonderschmitti Reichel, Nikitinella septata Sosnina, Agathammina pusilla 
(Geinitz), Agathammina múlta Sosinina, and Hemigordius zaninettiae Altiner is 
remarkable. In this horizon the presence of species of the family Staffellidae, and 
of the genera Nankinella, Reichelina and Codonofusiella is characteristic. The 
intraclastic-onkoidic algal biomicrites of wackestone and packstone texture, 
indicating sublittoral and intertidal environments, as well as the peloidic 
biomicrites and microsparites with tiny fragments alternate in this horizon 
(Csontos 1983). The common occurrence of taxa of the fossil association can be 
interpreted as mingling close to the wave base of that time. Locally (samples No. 
76, 81, 97, 98) the horizon has a grainstone texture with algal pebbles, is rich in 
foraminifera, and contains biosparite intercalations, indicating a high-energy 
environment.

The anhydride, dolomitic layers (No. 36-42) are practically free of foraminifera.
In the youngest strata of the quarry (samples No. 1-35) an impoverishment of 

the foraminifer fauna is characteristic, compared to the predominance of calcareous 
algae, taking into consideration both the frequency of species and individuals. In 
this horizon, the frequency of specimens of the species Robuloides lens Reichel is 
conspicuous. At the top of the quarry the frequent alternation of biomicrites with 
algae, molluscs and lumachelle, and of intraclastic algal biomicrites, can be 
observed.

Characteristic foraminifer taxa

The foraminifer taxa occurring most frequently in the Nagyvisnyó Limestone 
of the Mihalovits quarry are as follows, according to the taxonomic classification 
of Loeblich and Loeblich-Tappan (1988):

Family: Tuberitinidae A. D. Miklukho-Maklay, 1958
Eotuberitina A. D. Miklukho-Maklay, 1958: The specimens of Eotuberitina 

reitlingerae A. D. Miklukho-Maklay (Plate VII, Photos 9, 12-14) grew on mollusc 
and ostracod shell fragments and echinoderm tests and were emplaced in the
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Fig. 3
Foraminifer fauna of the AA profile of the great Mihalovits quarry of Nagyvisnyó. 1. dark-grey limestone; 2. black marl, clayey-marl; 3. grey dolomitlc limestone; 4. grey dolomite; 5. grey lamellar limestone; 6. grey lamellar limestone and grey Interbedded marl; 7. anhidrite;
8. gypsum; 9. occur; 10. common; 11. abundant
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burial locality with the aid of currents. These are frequent in biomicrites of 
remarkable clay content, of flaser bedding and of mixed fauna.

Family: Earlandiidae Cummings, 1955
Earlandia Plummer, 1930: the specimens of the genus Earlandia are frequent in 

warm shallow-water lagoons (Misik 1971); the species are of eury-features (Peryt 
and Peryt 1975). The species Earlandia dunningtoni (Elliot) was found in greatest 
frequency (Plate VII, Photos 8, 10-11).

Family: Geinitzinidae Bozorgnia, 1973
Lunucammina Spandel, 1898: Lunucammina postcarbonica Spandel, 1901 is the 

species occurring most frequently in the Nagyvisnyó Limestone (Plate X, 
Photos 9-10).

Family: Pachyphloiidae Loeblich et Tappan, 1984
Pachyphloia Lange, 1925: the specimens of Pachyphloia cukurkoyi Sell, de Civr et. 

Dess are common in the Nagyvisnyó Limestone of the Mihalovits quarry 
(Plate VIII, Photos 4-5).

Family: Biseramminidae Chernysheva, 1941
Globivalvulina Schubert, 1921: Its frequent, specimen-rich species can be found 

throughout the strata of the quarry, with remarkable enrichment in the middle of 
section AA', in samples No. 43-127. Globivalvulina cyprica Reichel (Plate IX, Photo 1) 
is the species of smallest size. Small-sized specimens, with blown-up chambers, of 
the species Globivalvulina bulloideas (Brady) also occur (Plate IX, Photo 2). The most 
frequent Globivalvulina vondcrschmidtti Reichel specimens (Plate IX, Photos 8-9; 
Plate X, Photo 1) can be easily separated from the specimens of Globivalvulina graeca 
Reichel (Plate IX, Photos 3-4,6; Plate X, Photos 2,5) on the basis of their large-sized 
last chambers.

Dagmarita Reitlinger, 1965: the specimens of the species Dagmarita chanakchiensis 
Reitlinger can be traced throughout the entire column of the quarry (Plate I, 
Photo 3; Plate X, Photo 3).

Family: Abadehellidae Loeblich et Tappan, 1984
Abadehella Okimura et Ishii, 1975: the few specimens (Plate I, Photo 5a) of 

oblique section found in the oldest strata of the quarry are undoubtedly the 
representatives of the genus Abadehella.

Family: Ozawainellidae Thompson et Foster, 1937
Reichelina Erk, 1941: some not exactly identifiable specimens of Reichelina occur 

sporadically in the sequence of the quarry (Plate I, Photo 6 Plate XI, Photo 6).
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Family: Schubertellidae Skinner, 1931
Codonofusiella Dunbar et Skinner, 1937: in the very poor Fusulinacea 

assemblage of the Nagyvisnyó Limestone of the Mihalovits quarry, the specimens 
of the genus Codonofusiella are represented with relatively great frequency 
(Plate I, Photos 7-8; Plate XI, Photo 5).

Family: Staffellidae A. D. Miklukho-Maklay, 1940 
Nankinella }. S. Lee, 1934: the specimens of the genus occur frequently throughout 
the sequence (Plate IV, Photo 9; Plate XI, Photos 1-2, 4).

Family: Pseudovidalinidae Altiner, 1988
Based on Turkish occurrences, the extension of the family Pseudovidalinidae is 

restricted to the Murghabian-Lower Midian (Altiner 1988). The presence of the 
individuals of this family permitted the chronostratigraphic classification of the 
Nagyvisnyó Limestone on the basis of foraminifera.

Pseudovidalina Sosnina, 1978: in the older beds of the quarry, some 
representatives of the Pseudovidalina involuta Zaninetti, Altiner et Catal occur 
(Plate II, Photo 3b; Plate V, Photos 6-7).

Angelina Altiner, 1988: the specimens of the species Angelina alpinotaurica Altiner 
described from the Midian strata of Turkey were found in relatively great 
abundance in the oldest layers of the AA profile of the quarry (Plate V, Photos 1- 
4, 8). Its accessory microfauna is the same as the foraminifer assemblage of the 
localities of Southern Turkey.

Family: Hemigordiopsidae Nikitina, 1969
Agathammina Neumayr, 1887: the Agathammina species known from the 

Abadeh Formation of Iran and from the Midian strata of the Caucasus can be 
traced throughout the sequence of the Mihalovits quarry. In the oldest strata 
Agathammina subfusiformis Okimura et Ishii (Plate II, Photos 1-2), at the top of the 
quarry (sporadically) Agathammina bella Pronina (Plate XII, Photo 4), and 
Agathammina múlta Pronina (Plate XII, Photo 4) can be recognized. The specimens 
of Agathammina pusilla (Geinitz) show a common extension in the sequence of the 
quarry (Plate VII, Photos 2-3).

Hemigordiopsis Reichel, 1945: Compared to the frequency of the Hemi- 
gordiopsis taxas in the Bellerophon-bearing strata in the region of the Paleotethys, 
in the Upper Permian formations of North Hungary the specimens of the genus 
Hemigordiopsis are rare. Hemigordiopsis renzi Reichel (Plate VI, Photo 8; Plate XI, 
Photo 2c) sections were found only in two horizons (samples No. 103,165) in the 
column of the Mihalovits quarry.

Hemigordius Schubert, 1908: in the foraminifer assemblage of the Upper 
Permian Nagyvisnyó Limestone of North Hungary, the Hemigordius species are 
most frequent (Bérczi-Makk, in press). In certain horizons, the Hemigordius 
specimens are the sole representatives of the foraminifera. In the sequence of the 
Mihalovits quarry, the specimens of the genus are widespread and frequent. In
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the order of frequency the species Hemigordius irregulariformis Zaninetti, Altiner 
et Catal stand out (Plate III, Photos 1, 6-11), while the specimens of Hemigordius 
minutus Pronina (Plate III, Photos 3-4; Plate VI, Photos 1-2) and of Hemigordius 
zaninettiae Altiner (Plate VI, Photo 6; Plate XIII, Photos 8, 10-11) are widespread 
in the whole sequence of the quarry. The specimens of Hemigordius abadehcnsis 
Okimura et Ishii (Plate III, Photo 12; Plate VI, Photo 9; Plate XIII, Photo 12), 
Hemigordius guvenci Altiner (Plate XIII, Photo 7), and Hemigordius hungaricus 
Bérczi-Makk (Plate XIII, Photo 2) occur sporadically.

Family: Baisalinidae Loeblich et Tappan, 1986a
Baisalina Reitlinger, 1965: the younger forms are similar to Hemigordius and 

are rolled up streptospirally, later planispirally. They can be distinguished from 
Hemigordius by the protosepta of the last chamber. Baisalina puklira Reitlinger 
occurs most frequently, and covers a long range (Midian-Dzulfian-Dorashamian; 
Plate II, Photo 4).

Nikitinella Sosnina, 1983: Beginning with the spherical proto-chamber, it is 
rolled first streptospirally, later planispirally, and is an involute form. The radial 
structure of the calcareous test being light in transmitted light is probably the 
result of subsequent crystallization. Some Nikitinella septata Sosnina (Plate XII, 
Photos 1, 3) were found in the transitional biomicrites of the middle horizon of 
the Mihalovits quarry. The taxonomic classification of the characteristic form 
known from the older strata of the quarry is problematic (Plate V, Photos 9-10). 
Based upon the initially streptospiral, later planispiral involute rolling, and on 
the test displaying vitreous, radial structure, this is a species probably belonging 
to the genus Nikitinella. It seems that these taxa represent a fairly well traceble 
horizon in North Hungary. The possibility exists to assign it to the genus 
Kamurana Altiner et Zaninetti, 1977, but based partly on the manner of rolling 
and partly on the material of the test, this can be excluded.

FamilyTchthyolariidae Loeblich et Tappan, 1968b
"Monogenerina" Spandel, 1901: specimens of uniserial, calcareous, spongy test 

of very thick walls and septa, and consisting of 4 to 6 rapidly growning chambers 
are known (Plate VIII, Photos 1-2). As regads the test structure, these are close to 
the genus Monogenerina, but having described the genus Monogenerina, Spandel 
(1901) did not mention the material of the test. This is why the quotation marks 
were used. It is also possible that these are forms related to the genus 
Pseudolangella Sellier de Civrieux et Dessauvagie (in the system of Loeblich et 
Tappan, 1988 under the name Cryptoseptida) in their morphology, described from 
the Midian strata of the Caucasus.
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Conclusions

In addition to the calcerous algae and ostracods the foraminifera are most 
important in understanding the Nagyvisnyó Limestone Formation of North 
Hungary (= Upper Permian, Bellerophon-bearing strata). Based on the 
characteristic taxa of the foraminifer fauna (Globivalvulina graeca, Globivalvulina 
bulloides, Paraglobivalvulina mira, Dagmarita chanakchiensis, Abadehella biconvexa, 
Codonofusiella sp., Nankinella sp.( Pseudovidalina involuta, Angelina alpinotaurica, 
Agathammina bella, Agathammina pusilla, Agathammina subfusiformis, Hemigordiopsis 
rertzi, Hemigordius abadehensis, Hemigordius irregulariformis, Hemigordius minutus, 
Basalina puklira, Nikitinella septata), the Upper Permian sequence of the 
approximately 33 m thick AA' and 5 m thick BB' profiles of the Mihalovits quarry 
(Figs 2-3) can be correlated with the Abadeh Formation of the Mid-Central Asian 
region of the Tethys (Altiner, 1988, Okimura and Ishii 1981, Okimura, Ishii and 
Nakazawa 1975) and with the Upper Midian strata (Pronina 1988a, b, 1989, 
Köylüoglu and Altiner 1989). This statement agrees with the investigation results 
on ostracods of Kozur (1985), according to which the Upper Abadehian, the middle 
and upper parts of the Parvikirkbya transita assemblage zone are present in the 
strata of the Mihalovits quarry of Nagyvisnyó.

Sedimentation occurred in an isolated, shallow marine bay, in a lagoon. Based 
on the rich calcareous algae and foraminifer remains, the sea-bottom was not of 
extreme euxinic facies. The sediment was deposited in quiet, low-energy region, 
close to the wave base, related to a sublittoral environment (Csontos 1983).
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Plate I

1 —  Calvezina sp. Mih/P-180. 50x
2 — Pachyphloia pedicula Lange Mih/P-182. 50x
3 — Dagmarita chanakchiensis Reitlinger Mih/F-13. lOOx
4 — Frondina permica Sellier de Civrieux et Dessauvagie Mih/F-17. 40x
5 — a) Abadehella et. biconvexa O kimura et Ishii, b) Globivalvulina bulloides (Brady)

Mih/P-166. 40x
6 —  Reichelina sp. Mih/P-166. lOOx
7 — a) Codonofusiella sp. b) Pachyphloia sp. Mih/P-187. lOOx
8 — Codonofusiella sp. Mih/P-173. lOOx

Upper Permian foraminifera profile BB'

Plate II

Upper Permian foraminifera profile BB'

1 —  Agalhammina subfusiformis Okimura et Ishii Mih/P-175. lOOx
2 — Agalhammina subfusiformis Okimura et Ishii Mih/P-176. lOOx
3 — a) Hemigordius sp., b) Pseudovidalina involuta Zaninetti, Altiner et Catal Mih/P-187.

lOOx
4 — Baisalina pulchra R eitlinger Mih/F-16. 50x
5 — Miliolina microbiofacies Mih/P-176. lOOx
6 — Miliolina microbiofacies Mih/P-176. lOOx

Plate III

Upper Permian foraminifera profile BB'

1 — Hemigordius irregulariformis Zaninetti, Altiner et Catal Mih/P-173. lOOx
2 — Hemigordius sp. Mih/P-176. lOOx
3 — Hemigordius minutus Pronina Mih/P-178. lOOx
4 — Hemigordius minutus Pronina Mih/P-177. lOOx
5 — Hemigordius sp. Mih/P-182. lOOx
6 — Hemigordius irregulariformis Zaninetti, Altiner et Catal Mih/F-11. lOOx
7 — Hemigordius irregulariformis Zaninetti, Altiner et Catal Mih/P-180. lOOx
8 — Hemigordius irregulariformis Zaninetti, Altiner et Catal Mih/P-180. lOOx
9 — Hemigordius irregulariformis Zaninetti, Altiner et Catal Mih/P-178. lOOx

10 — Hemigordius irregulariformis Zaninetti, Altiner et Catal Mih/P-182. lOOx
11 — Hemigordius irregulariformis Zaninetti, Altiner et Catal Mih/P-178. lOOx
12 — Hemigordius abadehensis Okimura et Ishii Mih/P-185. lOOx
13 — Agathammina? sp. Mih/P-180. lOOx



Plate IV

í — Lunucammim primiliva (Potievskaja) Mih/P-154. lOOx
2 -  Lunucammim postcarbonica Spandel Mih/P-150. lOOx
3 — Lunucammim  sp. Mih/P-137. lOOx
4 — Lunucammim  sp. Mih/F-129. lOOx
5 — Nodosariidae sp. Mih/F-151. lOOx
6 — Agathammina sp. Mih/P-141. lOOx
7 — Paraglobivalvulina mira Reitlinger Mih/F-154. lOOx
8 — Glomospira sp. Mih/P-151. lOOx
9 — Staffellidae sp. cf. Nankinella sp. Mih/P-165. 50x

10 — Staffellidae sp. Mih/P-164. lOOx
11 — Fusulinacea indet sp. Mih/P-150. lOOx
12 — Robuloides sp. Mih/F-165. lOOx
13 — Robuloides sp. Mih/F-135. lOOx

Upper Permian foraminifera of Angelina-horizon, profile AA'

Plate V

Upper Permian foraminifera of Angelina-horizon, profile AA'

1 —  Angelina alpinolaurica Altiner Mih/P-163. lOOx
2 — Angelina alpinotaurica Altiner Mih/F-126. lOOx
3 — Angelina alpinotaurica Altiner Mih/F-164. lOOx
4 — Angelina alpinotaurica Altiner Mih/F-143. lOOx
5 —  Pseudovidalina? sp. Mih/P-163. lOOx
6 — Pseudovidalina involuta Zaninetti, Altiner et Catal Mih/F-156. lOOx
7 — Pseudovidalina involuta Zaninetti, Altiner et Catal Mih/F-152. lOOx
8 — Angelina alpinotaurica Altiner Mih/F-151. lOOx
9 — Nikitinella sp. Mih/F-135. lOOx

10 —  Nikitinella sp. Mih/F-129. lOOx
11 —  Angelina sp. Mih/P-159. lOOx



Plate VI

1 — Hemigordius minutus Pronina Mih/P-156. lOOx
2 — Hemigordius minutus Pronina Mih/P-156. lOOx
3 — Hemigordius sp. Mih/P-156. lOOx
4 — Hemigordius sp. Mih/P-156. lOOx
5 — Hemigordius sp. Mih/P-141. lOOx
6 — Hemigordius zaninettiae A ltiner Mih/F-138. lOOx
7 — Neoendothyra sp. Mih/P-165. lOOx
8 — Hemigordiopsis renzi Reichel Mih/P-165. 50x
9 — Hemigordius cf. abadehensis Okimura et Ishii Mih/F-133. lOOx

10 — Hemigordius? sp. Mih/P-165. lOOx
11 — Hemigordius sp. Mih/P-141. lOOx
12 — Hemigordius sp. Mih/P-141. lOOx
13 — Hemigordius sp. Mih/P-133. lOOx

Upper Permian foraminifera of Angelina-horizon, profile AA'

P late  VII

U pper Permian foraminifera of the Globivalvulina-horizon, profile AA'

1 —  Ammovertella inversa (Schellvien) Mih/F-75. lOOx
2 — Agathammina pusilla Geinitz Mih/F-86. lOOx
3 — Agathammina pusilla Geinitz Mih/F-95. lOOx
4 — Miliolina sp. Mih/F-113. 50x
5 — Earlandia dunningtoni (Elliott) Mih/F-63. lOOx
6 — Agathammina cf. múlta Pronina Mih/F-95. lOOx
7 —  Agathammina cf. múlta  Pronina Mih/F-56. lOOx
8 — Earlandia dunningtoni (Elliott) Mih/F-86. lOOx
9 — Eutoberitina reitlingerae Miklukho-Maklay, A.D. Mih/F-117. lOOx

10 — a) Earlandia dunningtoni (Elliott), b) Earlandia sp. Mih/F-89. lOOx
11 — Earlandia dunningtoni (Elliott) Mih/F-86. lOOx
12 — Eotuberitina reitlingerae Miklukho-Maklay, A.D. Mih/F-89. lOOx
13 — Eotuberitina reitlingerae Miklukho-Maklay, A.D. Mih/F-89. lOOx
14 — Eotuberitina reitlingerae Miklukho-Maklay, A.D. Mih/F-48. lOOx
15 — Earlandia sp. Mih/F-89. lOOx
16 — Tuberitina collosa R eitlinger Mih/F-43. lOOx
17 — Tuberitina collosa Reitlinger Mih/F-101. lOOx



Plate Vili

1 — "Monogenerina" sp. Mih/F-76. lOOx
2 — "Monogenerina" sp. Mih/F-82. lOOx
3 — Foram. indet sp. Mih/F-119. 50x
4 — Pachyphloia cukurkoyi Sellier de Civrieux et Dessauvagie Mih/F-68. lOOx
5 — Pachyphloia cukurkoyi Sellier de Civrieux et Dessauvagie Mih/F-125.100x
6 — Robuloides sp l Mih/F-123. lOOx
7 — Robuliodes lens Reichel Mih/F-95. lOOx
8 — Eotuberitina reitlingerae Miklukho-Maklay, A.D. Mih/F-123. lOOx
9 — Robuloides sp l Mih/F-12. lOOx

10 — Robuloides sp l Mih/F-26. lOOx
11 — Robuloides sp l Mih/F-9. lOOx
12 — Robuloides lens Reichel Mih/F-28. lOOx

Upper Permian foraminifera of the Globivalvulina-horizon, profile AA'

Plate IX

Upper Permian foraminifera of the Globivalvulina-horizon, profile AA'

1 — Globivalvulina cyprica Reichel Mih/F-98. lOOx
2 — Globivalvulina bulloides (Brady) Mih/F-63. lOOx
3 — Globivalvulina graeca Reichel Mih/F-100. lOOx
4 — Globivalvulina graeca Reichel Mih/F-28. lOOx
5 — Globivalvulina sp. Mih/F-78. lOOx
6 — Globivalvulina graeca Reichel Mih/F-77. lOOx
7 — Globivalvulina sp. Mih/F-77. lOOx
8 — Globivalvulina vonderschmitti Reichel Mih/F-58. lOOx
9 — Globivalvulina vonderschmitti Reichel Mih/F-47. lOOx

Plate X

Upper Permian foraminifera of the Globivalvulina-horizon, profile AA'

1 —  Globivalvulina vonderschmitti Reichel Mih/F-70. lOOx
2 — Globivalvulina graeca Reichel Mih/F-98. lOOx
3 — Dagmarita chanakchiensis Reitlinger Mih/F-66. lOOx
4 — Nodosaria sumatrensis Lange Mih/F-14. lOOx
5 —  Globivalvulina graeca Reichel Mih/F-98. lOOx
6 —  Nodosaria cf. delicata Wang Mih/F-107. lOOx
7 — Nodosaria cf. mirabilis Lipina Mih/F-86. lOOx
8 — Nodosaria cf. delicata Wang Mih/F-77. lOOx
9 — Lunucammina postcarbonica (Spandel) Mih/F-86. lOOx

10 — Lunucammina postcarbonica (Spandel) MIH/F-47. lOOx
11 —  Lunucammina sp. Mih/F-14. lOOx
12 —  Lunucammina sp. Mih/F-107. lOOx



Plate XI

1 — Nankinella sp. Mih/F-59. lOOx
2 — a) Staffellidae sp. cf., Nankinella sp., b) Agathammina sp., c) Hemigordiopsis renzi

Reichel Mih/F-103. 50x
3 — Staffellidae sp. Mih/F-80. lOOx
4 — Nankinella sp. Mih/F-55. 50x
5 — Codonofusiella sp. Mih/F-95. lOOx
6 — Reichelina sp. Mih/F-95. lOOx
7 — Hemigordius sp. Mih/F-76. 50x

Upper Permian foraminifera of the Globivalvulina-horizon, profile AA'

Plate XII

U pper Permian foraminifera of the Globivalvulina-horizon, profile AA'

1 — Nikilinella septata Sosnina Mih/F-97. lOOx
2 — Foram. indet sp. Mih/F-98. lOOx
3 — Nikilinella septata Sosnina Mih/F-103. lOOx
4 — Agathammina cf. bella Pronina Mih/F-9. lOOx
5 — Hemigordius sp. Mih/F-76. lOOx

Plate XIII

Upper Permian foraminifera of the Globivalvulina-horizon, profile AA'

1 —  Hemigordius sp. Mih/F-75. lOOx
2 — Hemigordius hungaricus Bérczi-Makk Mih/F-80. lOOx
3 — Hemigordius sp. Mih/F-64. lOOx
4 —  Agathammina sp. cf., A. múlta Pronina Mih/F-67. lOOx
5 —  Hemigordius sp. Mih/F-71. lOOx
6 — Hemigordius cf. bronnimanni Altiner Mih/F-57. lOOx
7 — Hemigordius cf. guvenci A ltiner Mih/F-95. lOOx
8 — Hemigordius cf. zaninetliae Altiner Mih/F-12. lOOx
9 — Hemigordius sp. Mih/F-95. lOOx

10 — Hemigordius cf. zaninetliae Altiner Mih/F-52. lOOx
11 —  Hemigordius cf. zaninettiae Altiner Mih/F-52. lOOx
12 —  Hemigordius cf. abadehensis Okimura et Ishii Mih/F-103. lOOx
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Comments on the Mesozoic palinspastic 
interpretations of the Western Carpathians
Jozef Michalik
Geological Institute
Slovakian Academy of Sciences, Bratislava

The paper explains the West Carpathian Mesozoic development by a left-lateral movement of the 
Alpine-Carpathian microcontinent since its Early Jurassic separation from the European shelf by the 
rising Penninic rift, and by the subsequent (Late Cretaceous to Tertiary) convergence and collision of 
this microcontinent with the O uter Carpathian part of the Paleoeuropean margin.

Key words: Paleogeography, geodynamic development, Mesozoic facies, Western Carpathians

Introduction

Palinspastic reconstructions of the Western Carpathians reflect uncertainity 
arising from a variety of contradictory geodynamic interpretations of this region. 
The early estimates of the original width of the West Carpathian sedimentary 
depositional areas indicated that it did not exceed several hundred kilometers. 
Mahel (1978,1979,1980) estimated the width to be about five hundred kilometers. 
But, when the oceanic character of the Penninic Zone is considered, the width of 
the West Carpathian depositional area at the time of its maximum spreading 
extended to about 1500 kilometers (Mahel 1981; Michalik and Kovác 1982; 
Marschalko 1986, etc.).

Presently, such interpretations consist of simplified models, explaining local 
facies differences by indentation of North African and European shelves, and 
concepts suggesting interplays between tens of colliding and rotating microplates.

Thus, problems associated with the interpretation of the Carpathian within the 
frame of the Tethyan Mesozoic palinspastic schemes (Michalik and Kovác 1982; 
Kovács 1982; Kázmér and Kovács 1985; etc.) reflect the uncertainity resulting from 
insufficient geodynamic information. To overcome this uncertainity, broader use 
of well-constrained paleogeographic reconstructions may provide supporting 
evidence for geodynamic reconstructions, as will be shown in this paper.

Detailed reconstruction of bathymetry and facies patterns require the 
application of all geological disciplines. However, the incompleteness of the fossil 
record (due to erosion, tectonics, and facies variation) leads to a subjective 
interpretation, causing a growth of contradictions in interregional correlation.

Address: J. Michalik: Zalmanova 2, CS-841 05 Bratislava, Slovakia
Received: 13 September, 1991
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4 0  J. Michalik

A new concept of the West Carpathian Mesozoic development

In contradiction to surviving concepts of an African origin for the Alpine- 
Carpathian units, present knowledge of Triassic evolution of the latter units 
indicates their paleogeographic derivation from within the North European shelf 
(Michalik 1979; Kovács 1980; Tricard 1984; Brandner 1984; Michalik and MiSik 1987; 
etc.).

The Variscan consolidated Paleoeuropean craton is made up of several 
heterogenic blocks. Mesozoic development of the foreland of this craton has been 
influenced by this heterogeneity. The Outer West Carpathian area remains located 
in close proximity to the Danian-Polish Trough, along the Teisseyre-Tornquist 
Line which represents a suture separating older Fennosarmatia from the Variscan 
Paleoeurope. This tectonic setting resulted in many pecularities of sedimentary 
development and structure of the Western Carpathians (Mahel 1980; Michalik and 
Kováő 1982; Rakús et al. 1988).

Triassic sedimentation on the shelves of the Mediterranean Tethys was 
characterised by the deposition of a thick pile of neritic carbonates. However, only 
clastic terrigeneous rocks, which were deposited during several (Carnian, 
Rhaetian) humid climatic events, can serve as an indicator of connections between 
individual paleogeographical domains. Considerable lateral dispersion and a great 
volume of Triassic clastic sediments in the Alpine - Carpathian region were 
traditionally interpreted as directly transported from the extensive source areas 
in the "Vindelician Land”, assumed to be located to the north. But Marschalko 
et al. (1976); Miáík (1978) and others described the presence of remnants of 
synchronous pelagic carbonates, which must have been derived from much more 
external, zones of the Carpathian Belt, located further to the north. Several authors 
also discussed the possibility of the existence of intra-Carpathian sources for the 
terrigenous debris, although paleotransportation directions (Roniewicz 1966; 
MiSik and Jablonsky 1978) indicate a southward transport from the foreland. Such 
a contradiction can be solved by proposing a different hypothesis, which 
incorporates a great, left-lateral strike slip movement between the Outer and 
Central Carpathians (Marschalko 1986). According to this hypothesis, the assumed 
Early Mesozoic position of the Central Carpathian blocks was to the SW of the 
neighbouring Bohemian Massif. The Outer Carpathians represented the eastward 
continuation of this shelf, which formed the rim of the easternmost part of 
Paleoeurope in the south (Fig. 1). In a such model, southward transportation of 
elastics would continue from Palaeoeurope along the western slopes of the 
Bohemian Massif; terrigenous deposits could thus directly reach the 
Alpine-Carpathian shelf and fill its depressions as suggested by Behrens (1986).

Such a carbonate shelf, being of a low diversification, attained a width of several 
hundred kilometers during the Anisian. It had the form of a uniform carbonate 
ramp with an extremely shallow sedimentation regime (Gutenstein, Annaberg, 
Vysoká Formations). Consequently, a bioherms developed at its seaward border
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Fig. 1
Paleogeographical sketch map ot the Western Carpathians during the Middle 
Triassic.1. dry-land; 2. epicontinental and shallow sea; 3. neritic sea; 4. intraplate basins; 
5. oceanized (?) rift basins

(Steinalm Fm.), herading a change from a ramp to carbonate platform morphology. 
To the east, this shelf bordered a deep oceanic basin (Meliata Unit).

Initiation of a convergence of Palaeotethyan margins during the Ladinian 
caused the reorganization of the palaeogeography of the Western Carpathian area. 
The separation of the Alpine-Carpatian shelf fragment from stable Paleoeurope 
(as well as of the Apulian shelf from Africa) and its east-southeast movement 
produced local rifts -  some of which were occasionally sites of volcanic activity 
(Brandner 1984, etc.).

Boccaletti et al. (1984) suggested the opening of the Piedmont-Ligurian Ocean 
along a mega-shear zone between the Teisseyre-Tornquist Line and the South 
Atlas during the Mesozoic evolution of southern Europe. This motion resulted in 
the Early Cimmerian shortening of the oceaning bottom of the Palaeotethys. The 
direction of synsedimentary faults in the Fatra Formation Basin was parallel to 
the "mega-shear” system (Michalik 1978). Deformations connected with Sengör's 
(1985) model of a fan-like closure of Palaeotethys resulted, in the Alpine- 
Carpathian area, in Carpathian Keuper sedimentation (Michalik and Kovái 1982).
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Several types of continental margins can be recognized in the Mediterranean 
area during the Early Jurassic. A passive, Atlantic-type margin developed in the 
West Alpine sector (Tricard 1984). At the southern edge of the Paleoeuropean 
craton, the margin was of a California-type (Kelts 1981). The southwestern edge 
of the East European Plate, where Palaeotethyan oceanic crust was subducted, is 
a less typical collisional margin (Michalik and Misík 1987; Rakús et al. 1988). 
Oceanic spreading during the Jurassic in the Ligurian and later also in the 
"Californian" South Pennine sector lead to the creation of a new oceanic basin. 
This basin may have reached a width of almost a thousand kilometers.

The Alpine-Carpathian shelf fragment ("Kreios" sensu Michalik and Kovái 1982) 
became an independent microplate (Vörös 1984). At this time, crustal stretching 
also caused a gradual subsidence of basins in West Carpathian area (MaheT 1979, 
1980), the bottom of which sometimes subsided below CCD (Fig. 2).

The eastward movement of "Kreios" and Apulia and their convergence with the 
Rhodope, Serbian and Marmarosh microcontinents resulted in Late Cimmerian 
Collision. This collision affected almost exclusively the eastern European margin 
extending from the Taurides, Hellenides, and Dinarides to the Eastern 
Carpathians. However, traces of Late Cimmerian deformations have also been 
recognized in the Eastern Alps by Tollman (1987) and in the Western Carpathians 
by Michalik (1991).

During the Early Cretaceous, the vergence of the movement of the African plate 
and adjacent Mediterranean microcontinents changed to the north. The first

4 2  /. Michalik

Paleogeographical sketch map of the Western Carpathian area during the Jurassic. For legend 
see  Fig. 1
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Paleogeographical sketch map of the Western Carpathian area during the Jurassic/Cretaceous 
boundary. For legend see Fig. 1

effects of increasing compression are noticeable during the Hauterivian 
(Roßfeldschichten in the Alps, and the Strázovce turbidites in the Carpathians). 
Later it is shown by the deposition of a Barremian wild-flysch in the Romanian 
Eastern Carpathians, and by deposition of clastic grains of chromium spinels in 
the Klippen Belt. Solirov Formation in the Tatric (Jablonskÿ et al. 1991). 
Compressive movements affected not only a wide zone along the Paleoeuropean 
Craton, but also several zones in its interior (Ziegler 1980, 1982).

Aptian and Albian paleogeographic differentiation of the basin floors resulting 
from this movement in the Alpine-Carpathian segment had an effect on changes in 
sea current direction and, subsequently, on the complete substitution of carbonate 
sedimentation by a terrigeneous depositional regime (Senkovsky 1978), (Fig. 3).
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Fig. 4
Paleogeographical sketch map of the Western Carpathian area during the Albian time. For 
legend see Fig. 1

Senonian rejuvenation of tectonic movements has been even more expressive. 
The major part of the rising Central West Carpathian Mountains was exposed to 
tropical weathering. New marine transgression followed during the Palaeogene. 
The vanishing Penninic Oceanic Basin (Mahef 1981) and frontal depressions in 
the foreland of nappe units saw the deposition of thick accretional prisms of 
wildflysch ("Klape Unit”). The main depocenter in the Carpathians at this time 
was situated in the Externides. Active tectonic activity in this belt is recorded by 
a thick sequence of diastrophic sediments. Several thousand meters of thick flysch 
were laid down in subsided basins of this area (Fig. 4).
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Fig. 5
Pa leogeographical 
sketch map of the 
Western Carpathian 
area during Late Cre
taceous. For legend 
see  Fig. 1

Conclusions

The Western Carpathians consist of two different parts. The Outer West 
Carpathian area remained located between the Bohemian Massif and the mouth 
of the Polish Trough. This segment was affected by Jurrassic-Early Cretaceous 
crustal shear. Subsequently, this area was deformed and shortened during 
Paleoalpine convergence and Neoalpine collision with the central West Carpathian 
microcontinent.

The central Western Carpathians (together with the Austroalpine units) 
originated as a part of the Paleoeuropean shelf. During the early Jurassic, this 
microcontinental block (located formerly to the west of the Bohemian Massif) was 
separated from this original location by a progressively widening Penninic Trough. 
The central Western Carpathian block moved to the South-East from the Jurassic
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until the Mid Cretaceous. Finally, the northward movement of the African plate 
caused Paleoalpine compression and Neogene collision of this segment with its 
Outer Carpathian foreland.
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Gosau-type coals of Austria and Hungary 
a preliminary geochemical comparison
Reinhardt F. Sachsenhofer
Institut für Geowissenschaften 
Montanuniversität, Leoben

Ottó Tomschey
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Trace element concentrations and distributions of Upper Cretaceous coals of Austria and H ungary 
are compared on the basis of their abundance and elementary ratios. Comparisons are made between 
the geological environments, and it is stated that, in spite of the similar sedimentation conditions, the 
presumed provenance area has some effect on the quality and quantity of trace element distributions, 
and may play an important role in the development of the trace element abundances of both regions.

Key words: Trace elements, coal geochemistry, Gosau-type sediments, Austria, Hungary

In the Alpine-Carpathian region the Gosau-type coal-bearing strata of Upper 
Cretaceous age occur in several localities, mainly in Austria, partly in Slovenia 
and in Transdanubia (Hungary). Our aim is to present a preliminary comparison 
between the Gosau-type coals of Austria and Hungary with special regard to their 
trace element geochemistry.

Concerning the geological background of Upper Cretaceous coals of the Lower 
Gosau-Complex of Austria, a comprehensive description was given by 
Sachsenhofer (1987) based on the works of Austrian scientists, including a 
summary of the geological setting, lithology and coal-petrological investigations. 
As regards the Hungarian localities, the detailed description of the Ajka region 
by Szabó (1871), the discussion of stratigraphic and lithological problems of the 
coal sequences in the Bakony Mountains (Transdanubia) by Vadász (I960), the 
work of Haas et al. (1986), as well as of Góczán et al. (1986) must be mentioned.

As stated by Vadász (1960), the transgressive coal-bearing sequence of Ajka with 
marine Cretaceous members in the overlying strata can only be compared with 
the upper part of the East Alpine Gosau-type sequences.

The knowledge of trace element amounts in coals is important both from 
scientific and from practical points of view. The significance of research on trace 
elements in coal was emphasized by many authors, among others Headlee and 
Hunter (1953), Otte (1953), Szádeczky-Kardoss and Földvári-Vogl (1955), etc.

Concerning the trace elements in the Gosau-type coals of Austria and Hungary, 
we refer here to two comprehensive reports (dealing also with coals of different
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ages): the report from Austria (Brandenstein et al. 1960) summarized the 
semi-quantitative trace element data of 119 coal samples among which 13 samples 
represented the Gosau-type coals, while the report from Hungary 
(Szádeczky-Kardoss and Földváry-Vogl,1955) gave a qualitative estimation of trace 
elements from 271 samples, among which 9 samples represented the Gosau-type 
coals.

In this paper, as befits our objective, only these results, as well as those obtained 
so far by other researchers pertaining to Upper Cretaceous coals in Austria and 
Hungary (e.g. Sachsenhofer and Schroll 1988, for Austrian coals, Tomschey 1988, 
1989, 1990 for the coals of the Bakony Mountains, Hungary) will be dealt with.

Material and methods

Samples of which the trace element contents are dealt with in this paper derive 
from different localities, both from Austria and from Hungary. In the case of the 
Austrian samples, coals from Unterlaussa, Grünbach and Zweiersdorf 
(Brandenstein et al. 1960), from Piesting, Grünbach, Reitzenberg, Lanzing, 
Frohnberg, Eisenbachtal, St. Wolfgang, Unterlaussa, Gams und Laufferwald 
(Sachsenhofer and Schroll 1988), all from the Northern Calcareous Alps, were used. 
The samples from Hungarian Upper Cretaceous coals are from the Ajka-I region 
(Jókai Mine), from the Ajka-II perspective coal region and from Padragkut, all 
representing the Bakony Mountains (Tomschey 1988, 1989, 1990; Makrai and 
Tomschey 1989).

In case of 13 samples (Brandenstein et al. 1960) the ashing conditions and 
analytical methods were as follows: ashing at 700 °C in reduced atmosphere, 
analysis by means of Q-24 Zeiss-made spectrograph. In case of 11 samples 
(Sachsenhofer and Schroll 1988) ashing was performed at 815 °C and analyses 
were made by ICP-spectrometry after acidic treatment (Bundesversuchs- und 
Forschungsanstalt Arsenal, Wien). In the case of the Hungarian samples, ashing 
was performed at 1000 °C and analyses were made from solution by means of AAS 
(analyst Mrs. L. Vidra).

The differences in ashing and analytical methods were naturally taken into 
account when interpreting the analytical data and comparing the different regions. 
Furthermore, as regards the "semi-quantitative" character of the data of 
Brandenstein et al. (1960), the data sets of Sachsenhofer and Schroll (1988) and 
those of Tomschey (1990) will be interpreted, the trace element values given by 
Brandenstein et al. (1960) will be only referred to.

5 0  R.F. Sachsenhofer, O. Tomschey

Results and discussion

Only the elements studied in both regions and represented by analytical values 
suitable to evaluation will be dealt with here. Thus, the preliminary geochemical 
comparison of the two regions will be performed on the basis of concentrations
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of Co, Cr, Mn, Ni, Ti and V, while reference only will be made to the Mo-contents 
of the coals using the data of Tomschey (1990) and Brandenstein et al. (1960).

It is to be noted that some qualitative data are available on uranium in the case 
of the Austrian samples (in Unterlaussa, in the coaly schists of the Gosau 
Formation, uranium contents as high as 800 ppm were reported by O. Schermann 
1979), but due to the lack of quantitative data, the comparison will neglect this 
element, despite the possession of data from the Ajka-region (about 100 ppm U 
in coal ashes on average), the comparison with respect to this element would be 
interesting, as well.

In Table 1 the data for coal ashes and coals according to Brandestein et al. (1960) 
are listed. It can be seen that there are remarkable differences between the 
maximum and minimum values of trace elements, both in coal ash and in the coal.

Table 1
Trace elements in Austrian coal ashes (A) and coals (B) after Brandenstein et al. 
(1960), values in ppm (13 samples)
Element 
Detection limit

Co
10

Cr
10

Mn
10

Mo
3

Ni
10

Ti
20

V
10

(A)
Max 70 1000 500 60 400 10,000 500
Min 0 30 50 0 25 50 10
Average 27 392 265 9 168 4050 190
(B)
Max 25 350 391 12 200 5000 250
Min 0 3 7 0 2 2 3
Average 8 124 75 2 37 1751 51

Table 2
Trace elements, ash contents and localities of Austrian coals from the data set 
of Sachsenhofer and Schroll (1988) unpublished so far, values in ppm

Locality Ash % Co Cr Mn Ni Ti V
Piesting 4.0 64 225 300 504 1950 48
Magdalenenst. 13.4 40 68 1329 110 813 112
Grünbach 3.9 47 34 380 214 2610 327
Reitzenberg { 40 30 150 149 3340 12
Lanzing 12.3 21 64 210 88 1890 169
Frohnberg 4.1 39 178 160 170 2980 268
Eisenbachtal 9.7 34 132 1373 78 537 509
St. Wolfgang 8.0 53 128 210 266 6950 656
Unterlaussa 10.1 26 442 20 469 4635 851
Gams 5.4 112 311 668 250 1160 530
Laufferwald 3.8 30 66 500 656 690 295

Acta Geologka Hungarica



5 2  R.F. Sachsenhofer, O. Tomschey

In Table 2 the data (unpublished so far) of Sachsenhofer and Schroll (1988) are 
listed, including the localities and the corresponding ash contents. In Table 3 the 
maxima, minima and average values of the data set of Table 2 are presented. When 
comparing Tables 1 and 3 it appears obvious that there are remarkable differences 
among the trace element concentration values (which may be due to the difference 
of accuracy of the analytical methods), so in the following, the data of Table 3 will 
be used for comparison.

Table 3
Extreme and average trace element contents in Austrian coal ashes (A) and 
coals (B) after Sachsenhofer and Schroll (1988), values in ppm

Elem ent Co Cr Mn Ni Ti V
(A)
Max 112 442 1373 656 6950 851
Min 21 30 20 78 537 12
Average 46 153 482 269 2505 343
(B)
Max. 6 45 177 47 556 86
Min. 1 1 1 7 26 2
Average 3 12 43 18 181 29

In Table 4 the trace element concentrations for the coals and coal ashes referring 
to the Hungarian Upper Cretaceous samples are listed. Though the two data sets 
of Table 3 and Table 4 represent values obtained by different analytical methods, 
when comparing the trace element concentrations some trends can be observed. 
Among the studied elements, only Mn and Ni show higher average values in the 
Austrian samples, the others are always in higher concentration in the Hungarian 
ones. This is also valid for Mo (though in this case only the data of Brandenstein 
et al., 1960 can be taken into account), i.e. in the Hungarian samples, the average 
Mo-concentrations are higher roughly by an order of magnitude.

Table 4
Trace elements in Hungarian coal ashes (A) and coals (B) in 85 samples after 
Tomschey (1990), values in ppm

Element Co Cr Mn Mo Ni Ti V
(A)
Max 127 530 1200 473 465 10000 1520
Min 25 58 50 10 30 180 80
Average 77 181 333 138 216 3303 5%
(B)
Max 56 248 521 103 217 3247 462
Min 4 7 20 3 7 23 19
Average 23 54 99 37 63 1003 167
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Table 5
Trace element average values for 
sedimentary rocks, for coal ashes and 
the corresponding enrichment factors 
after Yudovich (1978)

Sedimentary
rocks

Coal ashes 
(ppm)

Enrichment
factor

Co 15 53 3.5
Cr 78 125 1.6
Mn 740 630 0.8
Mo 21* 36 1.3
Ni 56 55 1.0
Ti 3900 3390 0.7
V 110 195 1.7

In the case of data obtained by 
different analytical methods, two ways 
of comparison seem to be more or less 
correct. On the one hand, the data 
should be related to a constant value 
(this would not result in more accurate 
values, but is more suitable for 
comparison), e.g. to the Clark values of 
the element in question, and it is 
possible to use the ratio of the elements 
of similar geochemical behaviour, on 
the other. In the first case, the basis of 
comparison may be the so-called 
enrichment factor, denoting the ratio of 
the elemental concentrations obtained 
for coal ashes and/or coals, and of the 
average Clark value of, let us say, the 
sedimentary rocks. This comparison is 

based on the values given by Yudovich (1978), and data are listed in Table 5. It is 
to be noted here that the Clark value given by Yudovich (1978) for Mo seems to 
be higher by about an order of magnitude than those mentioned either by 
Vinogradov (1962) or by Taylor (1964). Thus, the latter two authors will be cited 
when dealing with Mo.

In Table 6 the data of the two studied sample sets, as well as the Clark values 
of Yudovich (1978), except for Mo, are presented. Concerning the enrichment 
factors of the elements in relation with the coal ashes, it can be seen that those 
for Co, Cr, Ti and V, and especially for Mo (bearing in mind the data of 
Brandenstein et al. 1960) are higher in the case of the Hungarian samples, while 
Mn and Ni show higher values in the Austrian sample set.

* This value seems to be very high, by an order 
of magnitude, so later the values of Vinogradov 
(1962) and Taylor (1964) will be used.

Table 6
Trace elements in average sedimentary rocks, in Austrian and Hungarian coal 
ashes and the corresponding enrichment factors.

Sedimentary rocks 
after Yudovich 

(1978)

Coal ash averages 
for Austrian coals 

(ppm)

Enrichment
factor

Coal ash averages 
for Hungarian 

coals (ppm)

Enrichment
factor

Co 15 46 3.1 77 5.1
Cr 78 153 2.0 181 2.3
Mn 740 482 0.7 333 0.5
Mo 2* - - 138 69.0
Ni 56 269 4.8 216 3.9
Ti 3900 2505 0.6 3303 0.8
V 110 343 3.1 596 5.4

* After Vinogradov (1962) and Taylor (1964)
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In Table 7, the same data set is presented, this time for coals. The conclusions 
to be drawn are the same as in case of Table 6, only that the differences are much 
more marked (the Ni-values do not satisfy this statement!).

More reliable conclusions can be drawn when using the ratios of certain 
elements. Taking the siderophile elements, the Ni/Со ratio will be discussed first. 
According to Goldschmidt (1937), in coals this value varies between 2:1 to 3:1. 
Later on, on the basis of more data, it was stated that this ratio may vary in coals 
between 1 and 10:1 (e.g. Bouska 1981). For coals, the value of the Ni/Со ratio is 2.74 
and 6.00 in the Hungarian and Austrian samples, respectively, so the values fall 
into the range given by Bouska (1981), and also correspond to the values of 
Goldschmidt (1937). Thus, as compared to the "world averages", no extremity can 
be determined in the studied sample sets in relation to these elements.

5 4  R.F. Sachsenhofer, O. Tomschey

Table 7
Sedimentary averages of trace elements, the average for Austrian and 
Hungarian coals and the corresponding enrichment factors

Sedimentary
rocks

Austrian coals 
(ppm)

Enrichment
factor

Hungarian coals 
(ppm)

Enrichment
factor

Co 15 3 0.2 23 1.5
Cr 78 12 0.2 54 0.7
Mn 740 43 < 0.1 99 0.1
Mo* Í. - - 37 18.5
Ni 56 18 0.3 63 1.1
Ti 3900 181 < 0.1 1003 0.3
V 110 29 0.3 167 1.5

For explanation see Table 6 and the text.

As regards the ratio of Cr and Ni, this is primarily characteristic of basic and 
ultrabasic rocks, the values varying between 1.3 and 1.6 (Földváry-VogI 1978) in 
basic and around 0.8 in ultrabasic rocks (Turekian and Wedepohl 1961). In this 
respect the Cr/Ni ratios are 0.84 and 0.57 for Hungarian and Austrian samples, 
respectively. The lower value may relate to some contribution of ultrabasic material 
in case of the Austrian samples (though the value of 0.84 for the Hungarian samples 
is also very close to the ultrabasic value, but no data exist so far relating to 
ultrabasic sources in Hungary). In the case of the Austrian samples, this value 
would agree fairly well with the postulated provenance area of exotic pebbles 
within the Lower Gosau Complex, which is thought to be the "Rumunic Ridge" 
consisting of Austroalpine basement series and ophiolitic complexes of the 
subducting Penninic Unit (e.g. Faupl et al. 1987; Faupl and Pober 1988).

Both V and Cr are believed to accumulate in coals (Bouska, 1981), so their ratio 
may refer to the similarity or difference between coal seams. Hungarian coals 
display a V/Cr value of 3.09 while this value is 2.4 in case of Austrian coals. Though 
this difference is small, it may support the fact mentioned above, i.e. in Austria 
the contribution of an ultrabasic source, in Hungary, on the other hand, a granitic 
and/or sedimentary source of these elements, can be presumed. Haas et al. (1986),
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as well as Góczán et al. (1986), excluded the possibility of a granitic source and 
proved the sedimentary source of the inorganic material.

Ti and Mn tend to accumulate in the inorganic constituents of coal seams (e.g. 
Bouska, 1981), so their ratio may be characteristic of the sedimentary environment 
(e.g. Yudovich 1978). The Ti/Mn ratios are 10.1 for the Hungarian and 4.2 for the 
Austrian coal samples. This would mean that, in the case of the Austrian sample 
set, the contribution of sediments with higher Mn-content, possibly even Jurassic 
sediments with higher Mn-contents in general (Dudich and Tomschey 1979) can 
be presumed.

As regards the Mo, unfortunately no results from Austrian coals obtained by 
ICP measurements are available. When comparing, however, the orders of 
magnitude of the Mo-concentrations of the Hungarian coals and those reported 
by Brandenstein et al. (1960), the result is obvious: in the Hungarian coals, Mo 
shows marked accumulation, which is not the case of the Austrian samples.

Conclusions

Based on the trace element concentrations of the Austrian and Hungarian Upper 
Cretaceous coals, when comparing their amounts and proportions to each other 
it can be stated that

-  concerning the elements believed to accumulate preferentially in the 
inorganic phases of coal seams (Ti and Mn), the Hungarian samples display higher 
Ti/Mn values; the Ti-contents especially are higher in the Hungarian sample set;

-  Co and Cr display somewhat higher values in the Hungarian than in the 
Austrian samples;

-  V shows marked enrichment in the Hungarian coals as compared to the 
Austrian ones;

-  Though only uncertain data are available on the Mo-concentrations in the 
Austrian samples, the Mo-values seem to exceed those of the average sedimentary 
one but lie far below the values of the Hungarian coals. The enrichment of Mo 
in the Hungarian samples is extremely high as compared to the sedimentary 
Mo-concentrations (the enrichment factor is 69.0 in ashes and 18.5 in coals);

-  On the whole, the Hungarian Upper Cretaceous coals seem to be more 
abundant in trace elements than those in Austria, with the exception of Ni.

Finally, it can be stated that, in spite of the similar sedimentary environment, 
the close geological surroundings have a decisive effect on the trace element 
distributions and concentrations of the area in question. This means that the 
source of the elements, the probable source area, may be an important factor, and 
should be thoroughly taken into account when evaluating coal seams of the same 
geological age and sedimentary conditions, but of different geological 
environments.
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Results of the prospection for ISL uranium ore 
deposits in the Southeastern foreland of the 
Mórágy Hills (SW-Hungary)
András Barabás,
Mecsek Uranium Ore Mining Co., Pécs

A research programme was made for ISL uranium ore deposits in a Neogene basin located in the 
foreland of the Mórágy Hills. This basin is filled with terrestrial, marine and lacustrine sediments of 
Middle Miocene to Holocene age. The author shows the basement construction, the detailed geological 
section of the Neogene and the history of the area in Neogene time by means of paleogeographical 
maps. In the last section, a uranium ore deposit is described which developed by means of infiltration 
and was found in Upper Pannonian sediments near the village of Bátaszék.

Key words: Miocene, Pannonian, Quaternary, stratigraphy, paleogeography, geochemistry, infiltration, 
uranium ore, in situ leaching.

Introduction

Since the beginning of the eighties, the Mecsek Uranium Ore Mining Co. has 
conducted a prospection programme for ISL (in situ leaching) uranium ore 
deposits, this programme becoming gradually more and more important amongst 
the prospects of the enterprises. These deposits accumulate in young, well-drained 
(Cenozoic, mainly Neogene) formations by migration of natural solutions in the 
sediments. With leaching technology, the natural process is reversed: uranium is 
produced as a solution by circulation of the solvent material through the 
ore-bearing layers, to which it is brought by boreholes. Thus, this technology is 
not only far cheaper than deep mining, but also protecting the environment, 
because it is not necessary to disturb the surface, and the dangerous accompanying 
elements of uranium (e.g. Ra) stay in the ground. The whole leaching process 
takes place over a period of several years.

On the basis of the previous data (mainly anomalies of natural gamma activity), 
we chose the Southeastern foreland of the Mórágy Hills for a detailed study 
(Fig. 1). We explored this area with 17 boreholes, which were emplaced along two 
sections. They crossed the Neogene sediments of the basin and drilling ceased 
when they reached the Mesozoic or Paleozoic basement (Fig. 1). These boreholes 
discovered a hopeful ore indication near the village of Bátaszék, so we increased 
drilling there. The results of these investigations are presented here.
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Results of the prospection for 1SL uranium 61

Geographical features of the studied area

This area is situated on the right bank of the Danube in the southernmost part 
of Hungary, in the Southeastern corner of the counties of Baranya and Tolna 
(Fig. 1). The characteristic feature of this landscape is roily country with long, 
parallel hills extending in a NNW-SSE direction. The eastern part of the territory 
consists of the alluvial plain of the Danube with typical river terrace features. In 
the northwestern corner of the area occur the Mórágy Hills, which is a strongly 
eroded peneplain. The highest point of this country is about 300 m above the sea 
(in the Mórágy Hills) and the lowest is approximately 90 m (on the Danube plain). 
The drainage on the surface and the flow direction of the Danube indicate the 
main structural directions (compare Fig. 1 and Fig. 6).

Geological construction of the area

Before beginning our studies, this area was by no means as well-known 
geologically as -  for example -  the nearby Mecsek Mountains. We were only able 
to use geological and geophysical survey maps (Figs 1, 2, 3), some results of the 
previous investigations of the Mecsek Ore Mining Co. and some works of 
comprehensive character. Summarizing the contents of these three maps the main 
features of the geological structure can be determined: a range in the Northwest 
(the Mórágy Hills) and one in the South called Máriakéménd-Báta Range, a larger 
and a smaller basin in the centre. The former we entitled "Somberek Basin", the 
latter one "Bátaszék Basin". In the far South, the northern part of another basin 
can be seen, named the Boly Basin.

Elaborating upon the material of the above-mentioned seventeen boreholes, we 
were able to draw the section of the basins filled with Neogene sediments (Fig. 4). 
This series was not known before our study.

Granitoid rocks of Paleozoic age and various sedimentary and magmatic rocks 
of Mesozoic age make up the basement.

They are overlain by Neogene sediments above a great erosional discordance. 
The sedimentation in the Neogene began in the uppermost Karpatian stage, with 
the deposition of a terrestrial series. (The exact age of the beginning of 
sedimentation cannot be determined because these sediments contain no fossils.) 
There are two types of terrestrial series: a talus facies and an alluvial fan facies.

Fig. 1 « -
Geological map ot the investigated area (after Kassai et al. 1979). 1. Holocene, 
flood-deposited mud, clay, sand: 2. Holocene-Pleistocene, flood-deposited loess, infusion 
loess: 3. Pleistocene, loess: 4. Lower Pleistocene, basalt. 5. Upper Pannonian, Sand, silt, clay.
6. Lower Pannonian, argillaceous marl, marly limestone, sand; 7. Badenian, ’Leitha limestone’: 
calcareous sand, calcareous sandstone; 8. Karpatian, marine sediments; 9. Middle Jurassic, 
limestone, marl; 10. Middle Triassic, limestone; 11. Paleozoic, phyllite, hornblendite; 
12. Paleozoic, granitoid rocks; 13. Important borehole; 14. Lines of geological sections. 
Abbreviations in borehole names: A -  Alsónyék; В -  Bár; Bsz -  Bátaszék; Bt -  Bâta; Df -  Duna- 
falva; Dsz -  Dunaszekcső; Hl -  Hímesháza; Les -  Lánycsók; M -  Mohács; Smb -  Somberek; 
Vm -  Véménd
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Fig. 2
Map of the residual component of gravitational anomalies (after Ráner 1980). 1. gravitational 
isanomaly lines and anomaly values (mgal); 2. important borehole
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The former consists of angular clastic grains mixed with grey, green or sometimes 
variegated clay, which were transported mainly by mud flows. The characteristic 
clastic material are feldspars, quartz and granite. The alluvial fans consist of 
pebbles, sand, variegated clay or pebbly clay. The pebbles are subangular or 
medium-rounded, and their material is far more variable than the scree material:

Fig. 3
Map of the anomalies of the geomagnetic total field intensity (At) (after Barabás et al. 1964). 
1. magnetic isanomaly lines and anomaly values (y); 2. important borehole
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Results of the prospection for 1SL uranium 65

it contains Triassic and Jurassic limestone, Upper Jurassic chert and cherty 
limestone, Triassic and Jurassic sandstone, Triassic dolomite, Lower Cretaceous 
alkaline basalt (and its varieties), granite, micaschist and other metamorphic rocks.

Except for the margins of the basins, after the developing of the terrestrial series 
grey, thin-bedded clayey marl was deposited. It contains numerous fossils (Nassa, 
Ancylus, Pirenella, Turritella, Ostrea), but the number of the species is relatively 
small in accordance with the brackish water character of this partly closed 
shallow-lagoon facies. Clayey marl is occasionally interbedded with one or more 
thin coal layers, but in the Northeast a heteropic facies of the marl can be found 
which is a paralic coal deposit (maximum total thickness of coal beds is about 8 
meters). Marl and coal layers are of Lower Badenian age and belong to the Hidas 
Lignite Formation. Overlying them occurs a renewed terrestrial series, probably 
after a short period without sedimentation. In the marginal part of the Somberek 
Basin the deposition of terrestrial series was continuous from the Lower Badenian 
to the Sarmatian stage, with a little hiatus in the Middle Badenian. The greatest 
total thickness of terrestrial sediments is about 180 m, that of the clayey marl is 
about 90 m.

In the Lowermost Badenian deposits dacitic tuff can be found, which belongs 
to the "middle rhyolitic tuff level" (corresponding to the Tar Dacitic Tuff 
Formation), and is thus very usable for age determination and correlation. White 
or faint grey tuff, tuffite or pale green bentonite, all often with euhedral-subhedral 
biotite occur in terrestrial and marine environment as well. Its isotopic age was 
determined by means of the K-Ar method as 16.3 ± 1.6 Ma and 17.5 ± 1.6 Ma 
(Árva-Sós and Máthé in press). The greatest thickness of a tuff layer is 10 m.

In the central part of the Somberek Basin the uppermost stage of the Badenian 
is represented by "Upper Leitha Limestone". It consists typically of grey and white 
calcareous sand, sandy limestone, oolite, sand and pebbles, but they are joined 
heteropically with marl, clayey and sandy marl. The rocks are poorly stratified 
and generally contain numerous and well-preserved fossils: Pecten, Corbula, 
Venus, Ostrea, Clycymeris, Area, Turritella, Aporrhais, Borelis, Heterostegina, etc.

Fig. 4 « -
Stratigraphic column of the investigated area. I. chronostratigraphy; II. characteristic fossils: 
III. Maximum thickness (m); 1. loess: 2. red clay: 3. brackish water, open lacustrine clay, silt, 
fine-grain sand; 4. brackish water shore and shallow-water sand; 5. alluvial sand, pebble, 
pebbly clay; 6. brackish water lagoonal marl, marly limestone; 7. lagoonal laminar marl; 
8; shallow-water limestone, oolite, sandy limestone, marly limestone, the environment 
gradually becomes slightly hypersaline; 9.shallow-water sand, clay, marl, the environment 
gradually becomes slightly hypersaline; 10. normal marine shore sand, carbonaceous sand; 
11. normal marine, shallow-water marl, argillaceous marl, sandy marl; 12. fresh-water swamp 
clay, clay with sand and rock clasts; 13. coal layers; 14. dacitic tuff; 15. bentonite; 16. brackish 
water lagoonal marl, argillaceous marl; I7. non-rounded clastic material, often with clay (talus 
facies); 18. unconformity; 19. gastropods; 20. bivalves; 21. trace fossils; 22. organic-walled 
microplankton; 23. Ostracods; 24. plant fossils; 25. fish-scales; 26. Foraminifers; 
27. Sporomorph; 28. Diatoms, a -  Szászvár Formation; b -  Galgavölgy Rhyolitic Tuff Fm.; 
c -  Hidas Fm.; d -  Fertőrákos Limestone Fm.; e -  Tinnye Fm.; f -  Zala Marl Fm.; g -  Csákvár 
Fm.; h -  Tófej Fm.; I -  Kalla Fm.; j -  Somló Fm.; к -  Paks Loess Fm.; I -  Bár Basalt Fm.
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The thickness of the series is 20-30 m and it belongs to the Rákos Limestone 
Formation.

In spite of its relatively small thickness (max 55 m) the Sarmatian stage produced 
the most variable rocks of the Neogene series: clay, marl, marly limestone, 
limestone, oolite, sandy limestone, sand, pebbly sand, sandstone, bentonite and 
carbonaceous clay. The rocks are very changeable in respect of colours as well, 
but green and grey colour is characteristic. The fossil content of the Sarmatian 
deposits is also variable, coquinas (Cardium, Musculus, Mactra, Pirenella, etc.) 
alternate with fossil-free layers. The bentonite corresponds with the Galgavölgy 
Rhyolitic Tuff Formation ("upper rhyolitic tuff level"). In the Somberek-2 borehole 
Sarmatian sediments are covered by a 2 cm thick gypsum layer, which is an 
additional proof of the hypersalinity of the Sarmatian Sea in Hungary (Jámbor et 
al. 1984). In the Southeastern corner of Somberek Basin, terrestrial and delta-like 
sediments can be found (pebble, sand, -  mainly quartz, granite and feldspars clastic 
grains - , variegated clay; Dsz-1). All rocks belong to the Tinnye and the Zala Marl 
("lamellar marl") Formation.

The thickest series of Neogene accumulated during the Pannonian (s.l.) stage. 
In the central part of Somberek Basin -  practically without any hiatus -  the 
sedimentation of Zala Marl Formation continued, while on the peripheries the 
Lower Pannonian superposed the basement (in some cases the older Miocene, e.g. 
Báta-4), mainly with clastic rocks. The predominant part of Lower Pannonian 
sediments is a grey, unstratified clayey marl with lamellar-conchoidal fracture 
belonging to the Csákvár Formation, but in its lower part white marly limestone 
and limestone occur as well. The clayey marl series was interrupted by clastic 
deposits in the middle part of Lower Pannonian (Tófej Formation). Typical fossils 
are Congerias (C. zagrabicnsis, C. czjzeki), Limnocardiums and ostracods in 
compliance with brackish water environment. It is an interesting fact that in the 
Lowermost Pannonian the well-known fauna with "small Cardiums" appears. In 
the lower part of Lower Pannonian two thin dacitic tuff layers and their 
Neptunean dykes can be found. Maximum thickness of the Lower Pannonian 
series is about 350 m.

Near the top of Lower Pannonian the sediments become more sandy, so the 
Upper Pannonian is characterized by grey and yellow fine-grained sand, silt, but 
in the Bátaszék Basin alluvial and delta-like sand, pebbles and lignite can be found 
below and sand above them. In the upper part of Upper Pannonian the clay and 
clayey marl return, while the Uppermost Pannonian is absent. There is a variegated 
clay series near Dunaszekcső (Dsz-3), the proper age of which is uncertain 
(Pannonian or Pleistocene). Upper Pannonian sediments contain numerous and 
usually well-preserved fossils: Limnocardium, Congeria (e.g. C. rhomboidea), 
Melanopsis, trace fossils, sometimes Unio, Planorbis, ostracods, etc. Total thickness 
of the series is about 170 m.

From the Pleistocene loess with carbonate concretions of the Würm glacial 
period and red clay are known. There is a small basalt body of Lowermost
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Pleistocene age near the village Bár. Holocene is represented by alluvial sediments 
of streams and of the Danube.

The Neogene series is a typical shallow basin series (Jámbor 1985) and shows a 
great similarity to the Miocene of the Mecsek Mts., especially to that of the Hidas 
region (Hámor 1970) and the Eilend Basin (Ravasz-Baranyai 1959), to the 
Pannonian of the Dráva Basin (Kőrössy 1989) and is typical for the Mecsek-Villány 
region (Kleb 1973). The Pannonian fauna indicates a connection with the 
Pannonian of Yugoslavia.

The structure of Neogene basins can be seen on two sections of NNW-SSE 
direction (Fig. 5). Further comments follow in the next section.

Results of the prospection for ISL uranium 67

Geological sections across the Neogene basin. Cy -  granitoid rocks of Paleozoic age; 
Tt -  Lower Triassic; T2 -  Middle Triassic; Ji -  Lower Jurassic; J2 -  Middle Jurassic; J3 -  Upper 
Jurassic; X Ki -  Lower Cretaceous (alkaline basalt); v  Kt -  Lower Cretaceous (phonolite); 
Мгк-Ь -  Karpatian and Badenian (cannot be separated); МгЬ -  Badenian; M3S -  Sarmatian; 
Pai -  Lower Pannonian; Раг -  Upper Pannonian; Q -  Quaternary; 1. concordant superposition; 
2. unconformity; 3. fault
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History of the area during the Neogene

Figure 6 shows the construction of the basement, based on previous work 
(Barabás et al. 1964; Barabás and Baranyi 1984) to which new data has been added. 
The map shows the recent situation, so structural lines indicate the movements 
of N eogene age as well (faults symbolized by double lines). The most interesting 
feature of the basement is the presence of younger Mesozoic rocks, such as Upper 
Jurassic limestone (Várkony and Márévár Formations) and Lower Cretaceous 
alkaline basalt (Mecsekjánosi Formation), which are quite the same as those in the 
Mecsek Mts. They were not known from this area before our studies. The position 
of alkaline basalt bodies is in keeping with positive At geomagnetic anomalies 
shown on Fig. 3 and this correlation was verified by borehole Báta-4. Wein (1967) 
has attributed these magnetic anomalies to "Pannonian basalt" (equivalent to 
Lowermost Pleistocene basalt, see above), but because of the petrographical 
features and stratigraphic position of this unit, this possibility is ruled out. A 
similar situation of alkaline basalt was described by Császár et al. (1981), from the 
eastern bank of the Danube. The differentiate of alkaline basalt such as phonolite 
(Dunaszekcső-2), interbedding the Middle Jurassic (Aalenian) limestone as a 
laccolith, has already been known from the wells of Mohács (Várszegi 1973).

The sedimentation in the Miocene began -  as a result of the movements of the 
Late Styrian tectonic phase -  with alluvial and talus deposits in the Somberek 
basin, which was preformed by Savic and Early Styrian orogenic phases. After 
this period, in the Badenian stage a transgression formed a little bay (Fig. 7, 
deposition time of the Lower Badenian clayey marl) in the centre, connected with 
a narrow channel to the Eilend Basin in the West. In the margins of the bay, many 
small alluvial fans can be found, indicating a relatively great influence of fresh 
water which explains the brackish character of this "lagoon". The water of the bay 
must have been very shallow and calm, because -  in addition to the 
sedimentological and paleontological features of the rocks -  currents along the 
coast were not able to carry away the coarse clasts; also, the deposits of the cove 
are interbedded with coal layers without transitional sediments. The most closed 
corner of the bay is in the Northeast, where an almost fresh water swamp 
developed with coal-bearing sediments. The bay was surrounded by hills and

Fig. 6  —*
Map of the Paleo-Mesozoic basement. 1. isolines of the elevation of the basement surface, 
referred to sea level; 2. Paleozoic or Mesozoic formations on the surface; 3. important 
borehole; 4. fault; 5. fault with movement during the neogene; 6 . non-tectonic boundary 
betw een formations; y -  granitoid rocks of Paleozoic age; Ti -  Jakabhegy Sandstone 
Formation (Lower Triassic); Тга -  Siklós Formation (Middle Triasslc, Anisian); J tto  -  Komló 
Marly Limestone Formation (Lower Jurassic, Toarcian); Ü2aa -  Pusztakisfalu Limestone 
Formation (Middle Jurassic, Aalenian); J 3km -  Fonyászó Limestone Formation (Upper Jurassic, 
Kimmeridgien); J3 6  -  Kisújbánya Limestone Formation (Upper Jurassic, Tithonian); J 3ti-Kibe 
-  Márévár Limestone Formation (from Tithonian to Lower Cretaceous, Berriasian). 
Ki -  Mecsekjánosi Basalt Formation (alkaline basalt, Lower Cretaceous); v Ki -  Mecsekjánosi 
Basalt Formation (phonolite, Lower Cretaceous); иКг -  Boly Marl Formation (Middle 
C retaceous, Aptian-Albian)
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Fig. 7
Paleogeographical situation during the Lower Badenian stage. 1. exposed area made up of 
granitoid rocks; 2. exposed area made up of sedimentary (mainly carbonatic) rocks; 3. talus 
facies; 4. alluvial fan facies with the direction of clastic material transpor;. 5. fresh-water 
swamp facies; 6. brackish water lagoon facies; 7. traces of tuff scattering; 8. important 
borehole
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mountains of granite in the North and Northeast and mountains of various rocks 
of Mesozoic age in the East and South; this situation is reflected in the clastic 
composition of alluvial sediments. The mountains in the Southeast must have 
been the highest ones, because the biggest pebbles came from the rocks forming 
these mountains. The deposits of the bay and the fans contain scattered tuff 
material. The widely spreading Middle Badenian regression is strongly in evidence 
here, probably with little hiatus. The Southern part of the Somberek Basin was 
uplifted, and the upper part of the clayey marl (and of its heteropic facies) was 
eroded (Fig. 5). The evidence of this uplift is the position of tuff layers: in the 
centre (Somberek-2), tuffite can be found in a marine environment, in the Northern 
margin (Véménd-2), in terrestrial sediments. At present the tuffite of Somberek-2 
is in a higher position than the other one, but when they were formed, the position 
was obviously the other way round. A new cycle of sedimentation began in the 
Upper Badenian with terrestrial sediments, as a result of the movements of Leitha 
orogenic period. The Badenian stage was closed by the formation of shallow water 
clastic-carbonate rocks ("Upper Leitha Limestone"), when the sea flooded the small 
range around Himesháza. This is the only period of Neogene sedimentation which 
developed in a normal marine environment. Another consequence of the Leitha 
period is the uplift of the northeastern part (Fig. 5), where the erosion began.

In the time of the Sarmatian stage, the bay became more open (Fig. 8), which 
resulted in the strengthening of marine water movement (oolite, sandy and pebbly 
limestone), but was not able to prevent the slow evaporation of the Upper 
Sarmatian sea. The amount of coarse clastic rocks in alluvial sediments decreased 
in accordance with the decreasing of relief energy. This stage was closed by a 
slight regression, which is shown by the lagoonal "lamellar marl" and the gypsum 
layer. In the deepest part of the basin sedimentation was uninterrupted, nor can 
any considerable hiatus be found in the other part of the area.

A new transgressing process began in the Lowermost Pannonian (Fig. 9). The 
entire area dipped continuously, so a greater and greater territory was covered 
by the sediments. The Lower Pannonian is characterized by lagoonal marl, a clayey 
marl which was sedimented in brackish water environment, but in the Northeast 
(near the Bátaszék Basin) a minor river formed a small "delta" with coarse-grained 
sand. The Neptunean dykes of tuffite layers give proof of notable sediment 
movements. In the Upper Pannonian a new transgressing process can be seen, 
which is shown by the increase of sandy rocks (Fig. 10). During this time, a unit 
of Jakabhegy Sandstone Formation was exposed in the Northeast, and the water 
of the lake penetrated slowly into the Bátaszék Basin, forming first a little bay 
and then a channel with shore and shallow-water sand sediments (of course in 
brackish environment, too). At the culmination of the transgression, the entire 
area -  including the Mórágy Hills -  was covered with water, and in accordance 
with this, the open lacustrine argillaceous deposits appeared. After the filling up 
of the Pannonian Lake, during the Uppermost Pannonian and in the Quaternary, 
the whole area rose strongly -  as a result of the Romanian tectonic phase -  thus, 
the latest Pannonian sediments have partly been eroded. After the forming of a
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Fig. 8
Paleogeographical situation during the Upper Sarmatian stage. 1. exposed  area m ade up of 
granitoid rocks; 2. ex p o sed  area made up of sedim entary (mainly carbonatic) rocks; 
3. e x p o se d  area with rocks of Badenian age on the surface; 4. alluvial fan fa c ie s  with the 
direction  of clastic material transport; 5. hypersaline, shallow-water facies, predominantly 
with c la s tic  rocks; 6. hypersaline, shallow-water fa c ie s , predominantly with carbonates; 
7. important borehole

loess cover in the last glacial period (Würm), the recent morphology was 
developed during the Holocene, and the Danube reached the position where it 
can be found today.
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Fig. 9
Paleogeographical situation during the Lower Pannonian stage. 1. exposed area m ade up of 
granitoid rocks; 2. exp osed  area made up mainly of carbonatic rocks; 3. ex p o sed  area with 
rocks of Badenian age on the surface; 4. exp osed  area built up by Jakabhegy Sandstone  
Formation; 5. brackish water, shore facies; 6. brackish water lagoon facies; 7. important 
borehole; 8. direction of clastic material transport
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Fig. 10
Paleogeographical situation during the Upper Pannonian stage . 1. exposed  area made up of 
granitoid rocks; 2. exp osed  area made up mainly of carbonatic rocks; 3. alluvial fan fa c ies  with 
the direction of clastic  material transport; 4. brackish w ater, shore and shallow-water fac ies . 
5. e x p o se d  area made up of Jakabhegy Sandstone Formation; 6. alluvial facies with little 
sw am p s and clastic rocks; 7. brackish water, open lacustrine facies; 8. direction of c la stic  
material transport; 9. important borehole
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Remark:
When constructing maps and sections, we used normal faults only, because it 

was the simplest way of compilation; also, we found no evidence for the presence 
of other faults during our investigations. In addition to this, on the basis of the 
composition of the basement (mainly its Paleozoic and Early Mesozoic part), we 
presume a transcurrent fault probably exist between the granite-Jakabhegy 
Sandstone and the Jurassic-Cretaceous unit. Wein (1967) supposed a reverse fault 
in the Southern margin of Máriakéménd-Báta Range developing in the Romanian 
orogenic period, but the seismic evidence he quotes is not as convening as he has 
stated.

Development of uranium ore deposits in Bátaszék Basin

In the Bátaszék Basin, the Mesozoic basement (Jakabhegy Sandstone Formation) 
is overlain by a max 120 m-thick Lower Badenian terrestrial and coal-bearing 
swamp sediment series and a max 170 m-thick Upper Pannonian series (Fig. 11). 
The latter contains a 10-20 m thick alluvial and delta-like unit, then a max 90 m 
thick shore and shallow-water one and finally a 60-70 m thick open lacustrine 
unit. The basin is separated from the granite by a fault of Badenian age (Fig. 5). 
The most important for us are the alluvial-delta and the shore-shallow-water 
facies, because they consist mainly of sand and pebble, so their porosity is suitable 
for the intensive stream of natural solutions, but the alluvial sediments also 
contain -  as lenses -  clay, carbonaceous clay, sandy clay, pebbly clay, sand with 
much organic material. Upper Pannonian shore sands surround all inselbergs in 
Hungary, but in the Bátaszék Basin there was an extremely fortunate situation for 
sand deposition: a channel existed between a great and a small island, and these 
islands were composed of rocks of high quartz content (granite and sandstone, 
Fig. 10). Another fortunate circumstance is that a well-drained aquifer rock is 
enclosed between practically non-porous, aquiclude rocks, so solutions are 
concentrated in a relatively narrow place.

Typical sizes of sand grains are fine and medium (in shore and shallow-water 
sediments), and middle and coarse in alluvial-delta sediments. They are 
medium-rounded or subangular in shore and shallow-water deposits and 
subangular or angular in alluvial deposits. Their compositional material consists 
of (in descending order of amount): quartz, potash feldspars (microcline and 
orthoclase), plagioclase, clay minerals (mainly of montmorillonite type) biotite, 
muscovite, hornblende, zircon, apatite, opaque minerals. Shore sand is more 
variable in respect of grain material. Non-clastic minerals are: carbonates, limonite 
(in an oxidized environment), pyrite (in a reduced environment), sericite, chlorite. 
Shore and shallow-water sand is unsorted or badly sorted, alluvial (and "delta") 
sands show great variability from this point of view, the grain size distribution 
often has two maximum points. All rocks are unstratified macroscopically, but in 
microscope the arrangement of micas, limonite, the gradation and the position of 
fossils indicate stratifying in some cases. Shore and shallow-water sediments
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Fig. 11
Geological sections from the ore-bearing area. 1. Clay; 2. Silt; 3. Sand; 4. Sand, clay with coal layers; 5. Surface of the pre-Pannonian rocks; 
6. Aniomalies of natural gamma-activity; 7. Oxidized rocks; 8. Natural gamma-activity 2 О-6 О7 ; 9. Natural gamma-activity >6 0 7 ; 10. Fault; 
Q -  Upper Pannonian; МгЬ -  Badenian; Ti -  Lower Triassic
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contain many and mainly well-preserved fossils, but alluvial deposits are 
fossil-free. Í emphasize that by the alluvial-"delta"-shore-shallow-water facies a 
continuous series with gradual transition is formed, which is a result of Upper 
the Pannonian transgression; we have emplaced the boundary practically where 
the brackish water fauna appears.

Studying the sedimentological features of rocks, we were able to draw the map 
of the base of Upper Pannonian (Fig. 12). On the map a main and two lateral 
hollows can be seen, which were at first the valleys of small rivers, then paths of 
penatration for the Pannonian Lake's water, when they finally became the 
above-mentioned channel. Rock units in the Bátaszék Basin have only a very slight 
dip to the South-Southeast (Fig. 11), and the grain size of Upper Pannonian 
sediments decreases away from the Mórágy Hills. Between grey (chemically 
reduced) sands yellow (oxidized) sands can be found, which gradually grow 
thinner and finally wedge out in a south-southeasternly direction, while there

Fig. 12
Map of the pre-Pannonian basement. 1. isolines of the elevation of the basem ent surface, 
referred to sea level; 2. important borehole; 3. presence of coal-bearing formations; 4. uranium 
ore body; 5. redox front
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are anomalies of gamma activity on their contact zones (Figs 11,13). Oxidized and 
reduced conditions are practically distinguished on the basis of the oxidation stage 
of iron, which is closely correlated with the oxidation stage of uranium. Oxidized 
rocks do not differ notably from reduced ones in their petrological composition, 
but it is interesting to note that fossils are entirely dissolved in oxidized zones.

Upper Pannonian deposits were primarily in a reduced condition, due to their 
high organic material content. Ability of reducing was strong, because solutions 
oozing down from the Pannonian to the basement reduced the upper part of 
Jakabhegy Sandstone which originally was in an oxidized condition, and this 
process was strongest along the joints and bedding-planes. After the filling up of 
the Pannonian Lake, a contrasting process started: rain which falls on the area 
and has a great ability to oxidize percolates into the thick weathering zone of 
granite and to its joint network in the Mórágy Hills and to the Upper Pannonian 
sediments (Fig. 15). Granite and sand, the material of which was sourced from the 
granite, have a relatively great uranium content (4-10 ppm), so natural oxidizing 
solutions percolating through them can dissolve a high amount of uranium. The 
greatest part of the solutions flows in the well-drained shore and shallow-water 
sand and alluvial-delta sediments in a south-southeasternly direction because of 
the bed dip, of the basement morphology and of the hydrostatic pressure of water 
(greater height of Mórágy Hills). The solutions must oxidize the Pannonian 
deposits, and where their ability of oxidizing ceases, the uranium content (and 
some other elements) precipitates. This redox barrier (the "roll") is a meandering 
line following the shape of the basement: it "hurries forward" in the former valley 
and "remains behind" in the other parts (Fig. 12), and has continuously migrated, 
both in the past and in the present. The precipitating process is especially strong, 
because a basement impediment can be found in the South, which forces 
H2S-containing solutions to ascend from the coal-bearing Badenian deposits; these 
fluids encounter the uranium-containing solutions (Fig. 15). This type of ISL ore 
deposits, when horizontal component of solution streaming is dominant, is called 
the "layer oxidizing" type (Perelman 1980). Oxidizing close to the surface is the 
result of another process: in this case the vertical component of water streaming 
dominates ("soil oxidizing" type); thus, in these rocks -  which have very little 
porosity -  ore was not able to develop.

The ore-forming process described above is a typical infiltration, but we cannot 
preclude the possibility of "exodiagenetic" incidents (Perelman 1980), which could 
have played a role at the same time as the alluvial deposition. The present situation 
shows that these incidents have no great importance, probably due to the fact 
that the time available for them was short, and the infiltration process has entirely 
"washed them away".

There is no radioactive balance between Ra and U (Rauec/U=0.5), because the 
formation of ore is continuing. Migration speed of the redox barrier is probably 
about 1-1.5 m/1000 years, hence the process should have started at least 1.5-2 Ma
B.P; however, must consider that during the glacial periods, the process was 
interrupted, so min 2.5-3 Ma seem to be more correct. The redox potential of
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Fig. 13
Typical well-logs from the Bátaszék district. 
GRL -  gamma-ray log; RL -  resistivity log; 
SU -  magnetic susceptibility log; DL -  density 
log. Oxidized zones appear as minimum sections 
of the susceptibility log and their boundaries as 
anomalies of the gamma-ray log, but it must be 
pointed out that the inverse ratio between the 
susceptibility and the grain size influences the 
susceptibility log as well
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Fe3+/Fe2+ changing is slightly higher than that of the U6+/U4+ changing; thus, 
the ore bodies occur in front of the yellow-grey boundaries (often in more levels) 
like classic rolls without their upper sides (Fig. 14). Absence of radioactive balance 
results a uranium-surplus in the front of the redox barrier and a radium-surplus 
in the back part. Density of core drillings and the amount of analysis are not 
sufficient to decide whether accompanying elements of uranium (Mo, V, Se)

B sz-2 3  B sz-7  Bsz-22 Bsz-33 Bsz-21 Bsz-32 Bsz-11
Л  ф ф ф ф ф Д

8 Bsz-23

0 15 30 m

Fig. 14
Section between the Bátaszék-23 and the Bátaszék-11 boreholes based upon natural 
gamma-ray Intensity. 1. isolines of the natural gamma intensity and their values; 2. < 20y;
3. 20 -40у ; 4. 40-60y; 5. 60-1OO7 ; 6 . 100-140y; 7. > 1 40y; 8 . borehole; 9. oxidized zones
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13

Fig. 15
The ore-forming p rocess . 1 clay; 2. silt. 3. sand; 4. pebbles; 5. rock clasts; 6. coal beds;
7. siltstone; 8. sandstone; 9. granitoid rocks; 10. primary source of uranium; 11. secondary 
source of uranium; 12. main water supply (In respect of uranium transport); 13. secondary 
water supply (in resp ect of uranium transport); 14. streaming of the uranium-containing 
solutions; 15. streaming of the l-kS-containing solutions; 16. anom alies of natural 
gamma-activity; 17. uranium ore; 18. fault; 19. oxidized rocks

(Perelman 1980; De Vivo et al. 1984) accumulate or not (probably they accumulate 
only in a small degree). Organic material -  lignite and carbonaceous clay in the 
Upper Pannonian alluvial sediments -  concentrates uranium very strongly 
(Fig. 11), and in these rocks the Rauet/U ratio is about 0.3.

The ore deposits can be found in the upper part of Pannonian alluvial and 
"delta" sediments (Fig. 13), in accordance with the experience whereas world-wide 
these type of sediments contain the greatest part of ISL uranium ore deposits. In 
Bátaszék Basin the minimal U concentration which we consider as an ore is 
100 ppm, the highest concentration we have found until now is over 600 ppm. 
Unfortunately we do not know which kind of minerals accumulate uranium, or 
if uranium has a mineral of its own or not. (The research programme was 
interrupted before its completion due to economical reasons.) In the investigated 
area the estimated amount of uranium being suitable for exploration is 
50,000-100,000 kg, but the entire ore-bearing region is far bigger than the 
investigated area. Geotechnological parameters of ore deposits are favourable: 
high porosity (k=  1-3 x 10'5 m/s) and low CaO+MgO content (1-3%). Uranium 
exploration can practically be started at any time.
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Reports

IGCP Consultative Meeting in Vienna, Austria

The International Geological Correlation 
Programme (IGCP) of UNESCO and IUGS held 
the Fourth Consultative Meeting of IGCP 
National Committee Representatives of the 
Northeast Mediterranean and Neighbouring 
Countries at the Austrian Academy of Sciences in 
Vienna, 27-29 April, 1992.

The meeting was hosted by the Austrian IGCP 
National Committee (Chairman: Prof. H. Zapfe, 
Secretary: Mrs. A. Pärtan). Eight countries were 
represented: Albania, Austria, Bulgaria, the Czech 
and Slovak Federal Republic, Greece, Hungary, 
Italy and Yugoslavia. (Croatia and Slovenia, which 
have not been recognized yet as independent 
states by the United Nations, sent observers). 
Cyprus, Rumania, Turkey and the Ukraine had 
been invited, but sent no representatives. Their 
absence was very much deplored.

Dr. E. Dudich, the Secretary of IGCP, presented 
a status report on the IGCP in general and on the 
sub-region in particular. The National Commitee 
representatives reported on the IGCP activities in 
their respective countries. Projects which have 
coleaders in the subregion presented progress 
reports: Project 262 "Tethyan Cretaceous
Correlations" (Dr. H. Kollmann, Austria, and G. 
Császár, Hungary), Project 287 'Tethyan Bauxites", 
(Prof. A. Dangic, Yugoslavia, Prof. A. Mindszenty, 
Hungary and Dr. L. Simone, Italy), and Project 291 
"Metamorphic Fluids and Mineral Deposits” (Dr. 
W. Frank and Dr. W. Prochaska, Austria).

Five project proposals have been presented and 
discussed:

1) Unconventional or new industrial minerals 
and rocks for sustainable development, by Prof. ]. 
Kuzvart (Czech and Slovak Federal Republic), to 
be submitted in October 1992;

2) Metallogeny related to subduction processes 
in the Carpathians and the Balkans, by Prof. S.

Karamata (Yugoslavia) and Prof. G. Gaál 
(Hungary), a late successor to Project 169, to be 
submitted in 1992;

3) Comparison of intramontane basins from the 
point of view of environmental vulnerability, by 
Dr. ]. Haas (Hungary), to be submitted in October 
1993, after the 8th Meeting of the Association of 
European Geological Societies, 19-26 September 
1993, Budapest, Hungary;

4) Tethyan-circum-Pacific late Paleozoic and 
early Mesozoic correlation (fauna, facies, geo
chemistry and events), by Prof. A. Tolmann 
(Austria), a successor to IGCP Project 272, to be 
submitted in October 1992;

5) Tethyan-high latitude Cretaceous 
Correlations, by Dr. H. Kollmann (Austria), a 
successor to Project 262, to be submitted in 
October 1992.

Comments and interest in participation would 
be welcome.

A one-day field trip in the Vienna Basin was 
offered by the Österreichische Mineral- 
ölvervaltung (ÖMV) and guided by its Chief 
Geologist, Dr. G. Wessely. It gave insight into the 
structure of the Vienna Basin, with stops at 
excellent outcrops of the Triassic, the Badenian 
(type locality), the Leitha Limestone, the 
Sarmatian, and the Pannonian (type locality).

The Hungarian IGCP National Committee will 
investigate the possibility of hosting the next, fifth 
Consultative Meeting in Hungary, in 1994.

E. Dudich 
IGCP Secretary 

UNESCO SC/GEO 
1, rue Miollis 

75015 Fhris 
France
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Mesozoic of the Hrvatsko Zagorje Area in the 
southwestern part of the Pannonian Basin 
(Northwestern Croatia)
An tun Simunic, Alka Simunic
Institut za geoloSka istraiivanja, Zagreb

In this paper are synthesized for the first time all data obtained during the long-lasting geological 
study of Mesozoic complexes of the Hrvatsko Zagorje area. Ravna Gora and IvanSéica form the end 
of a mountain chain which stretches from the Eastern Alps towards the Pannonian Basin. Mt. Ravna 
Gora consists only of Lower and Middle Triassic rocks whereas Mt. Ivanäcica is made up of Triassic, 
Jurassic, and Cretaceous sedimentary and volcanic rocks.

Tectonically, all mountains of the Hrvatsko Zagorje area represent complicated horsts whose evolution 
coincides with the tectonic movements occurring in the Eastern Alps.

Key words: Pannonian Basin, Hrvatsko Zagorje, Triassic, Jurassic, Cretaceous, carbonate and clastic 
sediments, index fossils, volcanic rocks, correlation, paleogeography

Introduction

Mesozoic rocks are widespread in northwestern Croatia, particularly in the 
Hrvatsko Zagorje area where the StrahinSCica-Kuna-Gora-Koätrun zone stretches 
eastwards from the Alps i.e. towards the Pannonian Basin. All of these mountains 
consist of Triassic rocks similar to those found on Mts IvanSfica, the highest 
mountain of Hrvatsko Zagorje, with a surface area of about 150 km2. Cretaceous 
rocks have not been found to the west of IvanSőica.

Ravna Gora (680 m) is the northernmost mountain in Croatia. It is the last 
elevation of the Boc-Donacka Gora-Maceljska Gora zone stretching towards the 
Alps. Triassic sediments of Ravna Gora cover a surface area of about 20 km2.

The first regional geological and tectonic data on this area were provided by 
Foetterle (1861); Hauer (1867-1871); Gorjanovic-Kramberger (1902 and 1904), and 
others.

More extensive research activity was continued after World War Two. 
Paleontological, stratigraphical and sedimentological investigations were carried 
out by Herak and Malez (1956); Herak (1960); Sikic and Grimani (1965); Babic (1975, 
1976); Babic and Zupanic (1973); Simunid et al, (1979, 1981); Simuniti and Simunic 
(1980); and others. Golub and Vragovic (1960); Golub and Siftar (1965); Golub and 
Brajdic (1970); and Simunii et al. (1976, 1981) provided new data on Triassic and 
Cretaceous volcanic rocks.
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Geology

The Mesozoic of the northwestern Croatia is represented by Triassic, Jurassic 
and Cretaceous sedimentary and volcanic rocks.

Triassic

Triassic rocks are the most widespread ones; they belong to the Lower, Middle 
and Upper Triassic.

Lower Triassic

Lower Triassic sediments are exposed for the most part on the northern flanks 
of Ivanädca, with a thickness of about 50 m, and in the central parts of Ravna 
Gora, with a thickness of about 150 m. The sediments of the area of Lepoglava, 
Ivanec and Ravna Gora are fossil-bearing: Myacites (Anodontophora) fassaensis 
Wissman, Pseudomonotis (Claraia) clarai Emmrich, Naticella costata Munster, and 
Pseudomonotis sp.

Lower parts of the Lower Triassic (Seisian or Lower Werfenian beds) are 
represented by alternating reddish and greyish sandstone, siltstone, shale, marly 
shale and oolithic limestone which are conformably underlain by uppermost 
Permian clastic sediments. The sandstones are subarkoses and protoquarzites and 
consist of detrital quartz, feldspar, and muscovite; the cement is made up of calcite, 
with admixtures of hematite and limonite. Siltstone is similar in composition, but 
with more muscovite and less calcite. The shale is a pelitic rock which consists 
mostly of laminated muscovite, impreged by limonite or hematite, with 
subordinate quartz and calcite; with increasing quantity of calcite it grades into 
marly shale. Oolithic limestone, which occurs in the form of lenses, consists of 
ooliths 0.04 to 0.5 mm in diameter; they are built up of concentric calcite zones 
with hematite admixtures and with microfossil or intraclast fragments in their 
core.

The upper parts of the Lower Triassic are represented by Campilian platy and 
thin-bedded limestones with predominantly micritic calcite, with admixtures of 
detrital quartz, limonite and a clay mineral which can also be found concentrated 
in the form of microstylolites. The upper parts of the limestones are interlayered 
by shale, marly shale and dolomite, the latter being a marker (for field mapping) 
for distinguishing Lower and Middle Triassic sediments of Ravna Gora. Biomicritic 
limestones with Meandrospira pusilla (Ho.), Ammodiscus cf. incertus (d'Orb.) and 
Glomospira sp. are found in the Ravna Gora area.

Middle Triassic

Middle Triassic rocks are found on all larger mountains in Hrvatsko Zagorje, 
but are most widespread in Ivanäfica and Ravna Gora, where they have been 
identified as "Hallstätter und Essino Schichten" (Hauer 1867-71) and as 
"Muschelkalk" (Gorjanovic-Kramberger 1904). Anisian and Ladinian limestones
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Fig. 1

Schematic geological map of the Mts. Ivanscica and 
Ravna gora





could not be separated on the шар (Fig. 1) because of their strong tectonization 
and small thickness, averaging 500-600 m.

Mesozoic of the Hrvatsko Tagorje Area 8 5

Anisian

Anisian sediments are very common in Ravna Gora and in the eastern parts of 
IvanSiica. Normal and continuous transition from Scythian to Anisian can be 
observed along the tectonically undisturbed sections in the Ravna Gora area. The 
uppermost parts of the Scythian consist of platy limestone interlayered by 
dark-grey dolomite. Going upwards, the limestone gradually gives way to 
dolomite.

The dolomite is fine- to medium-grained, and contains 15 to 42 percent calcite. 
Its relict texture indicates that it might be a dolomitized crinoidal limestone. 
Dolomites are commonly cracked and crushed and thus they have brecciated or 
pseudobrecciated texture. The dolomites locally include interlayers of diagenetic 
cherts of a few millimetre to a few centimetre thickness. The cherts are 
characteristically cut by numerous fissures filled by secondary dolomite.

The thickness of dark-grey dolomites is 10-20 m in Ravna Gora and 50-100 m 
in IvanSiica. Dark-grey dolomites are very characteristic and common sediments 
in the Anisian of northern Croatia.

The dolomites are overlain by greyish thick-bedded or massive dolomites and 
limestones. They are very common in southern and easthern parts of Ravna Gora, 
where they are interlayered by limestones of a few metres to a few tens of metres. 
On the other hand, larger masses of limestones interlayered with subordinate 
dolomites are common in the northernmost and central parts of Ravna Gora.

Two main groups of limestones can be distinguished in the Anisian: (1) algal 
micrites, dismicrites and algal fossiliferous micrites, and (2) algal biomicrites and 
algal intrabio-pelmicrites. The limestones in many places contain numerous 
Anisian microfossils; the most characteristic are: Meandrospira dinarica Kochansky- 
Devide et Pántié, Pilamim densa Pantic, Diplotremina astrofimbriata Kristan- 
Tollmann, Frondicularia woodwardi Howchin, Haplophragmium sp., and others.

Recent sedimentological work indicates the presence of several types in the 
dolomites of Ravna Gora: fine- and medium-grained limy dolomites and algal 
dolomites. They originated by dolomitization of limestones and gradational 
varieties between these two rocks are very common. They are often brecciated. 
The breccias are mostly of tectonic origin and occur along numerous faults and 
fault zones.

So far no younger Triassic or another Mesozoic sediments have been found in 
the area of Ravna Gora. It can be presumed that they were deposited, because

«-Fig. 1
Geological map of the area of IvanéŐica and Ravna Gora Mts. 1 Quaternary; 2 Neogene;
3. Ollgo-Miocene (Egerian); 4. Cretaceous; 5. spllite, diabase, and tuff; 6. Tithonlan- 
Valanginlan; 7. Upper Triassic; 8. Middle Triassic; 9. andesite and tuff; 10. Upper Paleozoic- 
Lower Triassic; 11. a thrust, b reverse fault, c normal fault, d photogeologically detected  fault; 
12. geological contact lines: a exposed, b covered, c unconformable
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basal conglomerates of the Upper Badenian contain pebbles of tuff, chert, diabase, 
spilite, sandstone, and other rocks which are known from the Triassic of Ivanätfca.

Anisian of the eastern parts of IvanSfica are also normally underlain by Scythian 
rocks. The lower part of the Anisian is quite identical to the described Anisian 
sediments of Ravna Gora. The only difference is in the thickness of dark-grey 
dolomites averaging 50-100 m in the area of Ivanäcica.

The difference in colour of the sediments is probably due to the change of 
sedimentary environment, i.e. shallowing of the basin. It is well known that 
blue-green algae, which are the most common fossils in the uppermost parts of 
the Anisian, can only live in the depth of photic zone, whereas crinoids can exist 
at much greater depths. In some places light greyish dolomites are interlayered 
by algal limestones which contain relics of blue-green algae and other microfossils. 
Limestones from the eastern parts of IvanStfca contain: Macroporella alpina Pia, 
Diplopora hexaster Pia, Physoporella pauciforata (Gümbel) Steinmann, and others. No 
Anisian fossils have been found in western parts of Ivanäcica.

Sedimentary environments were suddenly changed during the Middle Anisian 
due to stronger tectonic movements which gave rise to the sedimentation of 
fine-grained clastic sediments, pelagic limestones, tuffs and tuffites accompanied 
by a large quantity of basic volcanic rocks. This is probably the reason why clastic 
sediments display large thickness variations. The Belski Dol quarry shows a 
thickness variation from a few metres to several tens of metres. Larger thicknesses 
were recognized in the spring area of the central part of IvanSfica where clastic 
rocks are associated with volcanics.

Anisian clastic rocks are represented by dark-grey and black shales alternating 
with dark-grey siltstones. The black colour of the sediments is due to coal 
admixtures and pyrite concentrations. Colour and lithology were the main reason 
w hy a Carboniferous age was ascribed to these sediments by earlier authors. 
Associated pyroclastic rocks are represented by vitric, crystallovitric, crystal, and 
lithic tuffs accompanied by hybrid rocks formed by the mixing of sedimentary 
and pyroclastic fragments.

Clastic and pyroclastic rocks are locally interlayered by limestones with 
"filaments", radiolarian limestones and radiolarian cherts, commonly with clay 
admixtures. The limestones with "filaments" are, in some places, made up only of 
aggregates of planparallelly oriented shells of pelagic molluscs.

Renewed carbonate sedimentation began after the final stages of volcanic 
activity. A carbonate platform was restored and under stable environments 
limestones with blue-green algae were deposited normally over clastic sediments. 
The limestones from Belski Dol contain the following microfossils: Diplotremina 
astrofimbriata Kristan-Tollmann, Meandrospira dinarica Kochansky-Devide et Pantic, 
Macroporella cf. alpina Pia, Gyroporella cf. anisica Zanin-Buri, Ammobaculites sp., and 
others. The fossils found in the sediments overlying and underlying the volcanic 
rocks represent evidence for the Anisian age of the volcanic activity.

86  An. èimunic, Al. Simunic
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Volcanic Rocks and Tuffs

Anisian volcanic and pyroclastic rocks from Vudelja Creek were studied in detail 
by Golub and Brajdici (1970). The rocks were described as spilitized 
andesite-basalts, vitric, vitroclastic, and vitrolithic tuffs. The rocks from the 
Bistrica Creek were described as hydrothermally altered andesites.

Recently, new outcrops of volcanic rocks were found in the western and eastern 
parts of Ivanäiica, in the spring area of the Zeljeznica Creek as well as in the area 
of Sv. Duh, Oiursko Brdo, and in Ravna Gora.

Upper Scythian limestones from Zeljeznica Creek are metamorphosed into 
marbles along the contact with volcanic rocks which include larger quantity of 
dolomitic xenoliths. The volcanic rocks are represented by basalts, andesite-basalts 
and spilitized basalts.

Tuffs are found in the same areas as the Anisian clastic and volcanic rocks. Tuffs 
occur as interlayers of variable thickness and lenses inserted in shales. Larger 
quantities of tuffs can be found along the Bednja River in the area between 
Zeljeznica Creek and Sv. Duh. The tuffs are represented by vitric, crystallo- 
vitrophyric, crystal and lithic varieties which are associated with tuffitic sediments. 
Their average thickness is 200 m, and they represent the thickest Triassic 
pyroclastic rocks of the area of Hrvatsko Zagorje.

Single volcanic bodies are rare and they occur mostly as interlayers in 
fine-grained pyroclastic rocks. The areas with predominant volcanic rocks are 
separated in the geological map (Fig. 1).

Ladinian

Because the area under research does not have many outcrops, and is strongly 
tectonized and affected by dolomitization, it is very difficult to follow a normal 
succession of carbonate sedimentation. Dispite the fact that primary Ladinian 
limestones are mostly dolomitized, we presume that the carbonate sedimentation 
went on continuously during the Ladinian. Relics of recrystallized and silicified 
limestones with Ladinian microfossils are rarely preserved.

Herak and Malez (1956) first described Teutloporella herculae (Stoppani) from a 
secondary limestone block found in the western part of Ivanäiica. Recently, 
Ladinian fossils in four areas from Ivanäfica were found: Uvanella irregularis Ott., 
Dictyocoelia manón (Münster), Ladinella porata Ott. and Aeolisaccus sp., in the area 
of KoSenica Gora and Pragerski Krí, and Teutloporella herculea Stopanni, Diplopora 
annulata debilis Pia, Ladinella porata Ott., Frondicularia sp. and Trocholina sp., in the 
area of Topolje in the spring area of Zeljeznica Creek. The microfossils indicate 
deposition in comparatively shallow water, which took place over a large area. 
The sedimentation was interrupted by strong regional tectonic movements that 
gave rise to a new sedimentary environment; fine clastic sediments were deposited 
and the sedimentation was accompanied by penecontemporaneous pyroclastic 
rocks.

The character of the contact between clastic and carbonate rocks is as obscure 
as in the Anisian. There are no exposed sections and thus no opportunities to
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draw a precise conclusion. Clastic sediments are not thick and they do not occur 
in the whole area under study, suggesting that they might have been partly eroded 
until the carbonate platform was restored.

Most of the clastic rocks are represented by vitric and crystallovitric tuffs with 
shales and siltstones. Fine-grained limestones, frequently recrystallized and 
silicified, are rare, as are strongly weathered extrusive rocks. Some manganese 
occurrences are found in clastic sediments on the northern flanks of IvanSfica.

Ladinian clastic sediments from the area of the Beli Zdenci Spring, on the 
northern slopes of IvanSfica, are overlain by light grey limestones which contain 
Ladinella porata Ott. In these rocks Herak (1960) found the sponge Steinmannia 
which, according to his opinion, could not be older than Ladinian. Accordingly, 
carbonate sedimentation continued throughout the Upper Ladinian.

A precise thickness of Ladinian sediments could not be determined because 
sedimentation between Ladinian and late Triassic carbonates was continuous. It 
can be presumed that it does not exceed 300 m.

U pper Triassic

Gorjanovif-Kramberger (1904) included most of the Mesozoic rocks of IvanSfica 
in the Ladinian. Recent authors (Herak 1960, and others) showed that Upper 
Triassic sediments are found only in its central part, where they form its main 
peak (1061 m), as well as on its southern slopes. A more detailed subdivision of 
the Upper Triassic could not be carried out due to strong tectonic disturbance, 
dolomitization, recrystallization and lack of index fossils. The Upper Triassic is 
represented by massive or thick-bedded greyish limestones and dolomites. One 
of the most characteristic and easily recognizable units is a stromatolithic dolomite 
which is widespread in the spring area of the Lonja River. Medium-grained 
dolomites interstratified by dolomite and dolomite-limestone breccias are also 
very common. Limestones represented mostly by micrites and fossiliferous and 
pelletai micrites, with subordinate oobiomicrites, algal biomicrites and pelbio- 
micrites, predominate over dolomites on the southern slopes of IvanSfica.

The limestones, and more rarely dolomites, in numerous places contain 
megalodontides. Limestones from the southern slopes of IvanSfica contain the 
following microfossils: Triassina hantkeni, elliptica Majzon, Permodiscus pragsoides 
(Oberhäuser), Glomospira sp., Trocholina sp., Frondicularia sp., and others.

Jurassic

For a long time the opinion prevailed that IvanScica and Hrvatsko Zagorje were 
uplifted and thus eroded in the time span between the Upper Triassic until the 
Upper Cretaceous (Herak 1960) and Oligocène (Anic 1952), respectively. First áikic 
and Grimani (1965) found fragments of Upper Jurassic rocks in Cretaceous 
calcarenites, and assumed that they must be present in situ as well. Based on the 
finding of Calpionella, Babic and Zupanif (1973) proved the presence of Upper 
Jurassic and Lower Cretaceous rocks.
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Liassic

Liassic sediments were first identified by Babid (1975), who assumed that during 
the Liassic and Oxfordian IvanSCica and Medvednica represented submarine rises 
characterized by condensed sedimentation. Babid and Zupanid (1976) described a 
sedimentary succession from the Upper Triassic to the Middle Cretaceous. They 
assumed a total thickness of about 50 m for the whole Jurassic, emphasizing that 
the Liassic is only 0 to 1 m thick. Recently, Simunid et al. (1976,1978,1981) presented 
new stratigraphic data on Jurassic sediments of the area under study.

The only outcrop of Liassic sediments is found near Mrzljak (742 m) in the area 
of IvanScica. Here, Upper Triassic limestones and dolomites are conformably 
overlain by fine-grained limestones which contain fragments of gastropods, 
crinoids, and scarce oncoids and the following microfossils: Vidalina martana 
Farinacci, Involutina (Involutina) liassica (Jones), Labyrinthina cf. recoarensis (Cati), 
Thaumatoporella parvovesiculifera (Raineri), Textulariidae, Verneulinidae, Ostracoda 
and lagenid foraminifers.

Limestones are locally bituminous and their thickness is less than 20 m. The 
map (Fig. 1) shows that Triassic-Liassic carbonate rocks make up a relict thrust 
underlain by Cretaceous clastic sediments. Blocks of the same limestones 
containing nearly the same microfossils were found in numerous other places. 
They always tectonically overlie Cretaceous elastics, and their pebbles are found 
in Upper Badenian conglomerates, suggesting that Liassic sediments must have 
been exposed over a larger surface area.

The discovery of shallow water Liassic limestones on IvanScica and Kalnik, 
Medvednica and 2umberak indicates that continuous sedimentation in shallow 
water environments occurred in the whole area of northwestern Croatia during 
the Liassic. Sikid and Basch (1975) assumed that the Triassic-Jurassic carbonate 
platform was desintegrated by the end of the Liassic. Babid (1976) postulated a 
short break in sedimentation in the transitional beds of the Upper Triassic-Liassic, 
after which the whole area subsided; thus, Medvednica and IvanSCica represented 
submarine rises characterized by a condensed sedimentation. The small thickness 
and lack of Liassic and Doggerian sediments can be explained by this model.

The above-mentioned sediments could not be found, and thus separated, on 
recent maps because of the lack of locality descriptions in the quoted papers.

Tithonian-Valanginian

Tithonian-Valanginian sediments are underlain by Triassic rocks of different 
ages. The lithology of Jurassic-Cretaceous sediments, which were deposited in a 
deep water (bathyal) environment, indicates rapid subsidence. Transgressive 
breccias or conglomerates are absent, and the strongly corroded basement is 
overlain by a thin clay layer (5-10 cm in thickness) which is, in turn, overlain by 
thin-bedded limestones. The lack of coarse-grained basal sediments can be 
explained by the assumption that the area under study before the transgression 
had begun, was first flattened, and thus the corrosion was stronger than the 
erosion. The contact with the Triassic limestones and dolomites is unconformable
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(Fig. 1). Bathyal sedimentation conditions were rapidly restored as indicated by 
the findings of calpionellids in the first or second limestone layers. Calpionella 
alpina Lorenz and Calpionella elliptica Cadish, indicative of the Upper 
Tithonian-Berriasian, were determined.

Tithonian-Valanginian sediments are mostly represented by the following 
limestone varieties: radiolarian biomicrite, pelicipode-radiolarian biomicrite, and 
fossiliferous biomicrite. The limestones consist of a micritic calcite groundmass 
which includes calpionellids, small radiolarians, sponges spicules and textularia. 
Rare pelecypod-radiolarian biomicrites contain planparallelly oriented filaments, 
with subordinate sections of aptychus.

Some limestone beds are recrystallized and silicified, as is shown in the 
occurrence of authigenic minute quartz crystals or in the partial replacement of 
calcite by quartz and chalcedony. The limestones frequently alternate with 
radiolarian shales or radiolarian cherts. Uppermost parts of the sequence, which 
grade into the younger Cretaceous clastic rocks, are made up of marly shales and 
calcarenites.

The finding of Tithonian-Valanginian sediments in the IvanSfica area is of great 
paleogeographic importance, because similar rocks are not known in other 
mountains of Hrvatsko Zagorje. The closest exposures of these rocks are found at 
Mt. Rudnica, in eastern Slovenia, which in fact represents a western extension of 
the Ivanäiica Mts, as well as on the southern slopes of Mt. Orlica. Small 
occurrences of the Tithonian-Valanginian sediments are also found in the area of 
Samoborska Cora (Sikk and Basch 1975), Papuk (Sikic et al. 1975) and in the middle 
parts of Hungary (Fülöp and Dank 1987).

9 0  A n. éimunic, Al. íimunic

Cretaceous

Herak (1960) was the first to find to suggest that the part of clastic and extrusive 
rocks, considered by Gorjanovic-Kramberger (1904) to be Carboniferous, might 
belong to the Upper Cretaceous. His conclusion was not based on any 
paleontological evidence but on lithological features and correlation with similar 
Upper Cretaceous sediments from the Medvednica and Samoborska Gora Mts.

Hauterivian-Turonian Clastic Sediments

Hauterivian-Turonian sediments are exposed only on the southern slopes of 
Mt. IvanSfica. They occur in the same areas where Tithonian-Valanginian 
sediments are developed. The best exposed cross-section in Dugi Jarek Creek 
demonstrates gradation from Tithonian-Valanginian limestones to Cretaceous 
clastic rocks.

The contact between these two stratigraphic units is marked by the last 
occurrence of calpionella-bearing limestone. This is a sharp facies boundary due 
to the distinct difference between limestones and clastic sediments. It is obvious 
that stronger paleogeographic changes took place by the end of the Valanginian 
which gave rise to a sudden influx of clastic material. Such changes in lithology 
indicate large perturbation in the basin and surrounding areas. Tectonic
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movements gave rise to the shoaling of some parts of the basin, some parts of 
which remained on the same level or subsided to larger depths. This is indicated 
by the presence of fragments of Tithonian-Valanginian limestones which were 
partly eroded and redeposited in the newly formed basin (Sikic and Grimani 1965). 
Deep regional faults favoured volcanic activity; basic lavas were extruded and the 
volcanic flows were interlayered with synchronous unconsolidated sediments.

Cretaceous clastic rocks are mostly represented by graywacke-sandstones which 
consist of well-sorted angular quartz, feldspar, chlorite, muscovite and biotite as 
well as of rock fragments: chert, quartz-sericite schist, tuff, and volcanic rocks. 
The sandstones are accompanied by subordinate limestones represented by calc- 
lithitearenites. The limestones consist of limestone intraclasts, transported 
fragments of foraminifers, algae, corals, molluscs, and crinoids. Calclithitearenites 
from the area north of Madjarevo frequently contain worn orbitolina with 
numerous crystals of authigenic quartz.

The clastic sediments described above are interlayered by cherts which consist 
mostly of microcrystalline quartz with calcite and iron oxyde admixtures.

Graywackes, limestones, and cherts from lower parts of the clastic sequence are 
interlayered by shales, radiolarian shales, and marly shales. They consist of clay 
minerals and calcite with subordinate quartz, sericite, chlorite and minute fossil 
fragments.

Cretaceous elastics are also interlayered in some places by greenish grey and 
reddish altered tuffs represented mostly by vitric varieties.

Multiple alteration of clastic sediments and deep water pelagic limestones with 
pelitic sediments, as well as characteristic sedimentary structures shown in vertical 
grain-size decrease, with a sharp lower bedding plane, indicate that they were 
formed by basinal sedimentation strongly influenced by turbidity currents. The 
currents transported mineral and rock fragments together with benthic organisms 
into deeper parts of the basin.

Limestones contain the following fossils: Calcisphaerula innominata Bonét, 
Pithonella ovális (Kaufmann), Hedbergella sp., Ticinella roberti (Gandolfi), Sabaudia 
minuta (Hofker), Valvulinas cf. picardi Henson, Textulariidae, Miliolidae, and sponge 
and ostracod fragments which are indicative for the Hauterivian to Lower 
Cenomanian.

Based on paleontological data, Sikic et al. (1979) and Basch et al. (1983) suggested 
that the volcanic-sedimentary complex of the surrounding Mt. Medvednica was 
formed during the Aptian and Turonian. But it is probable that the Medvednica 
and IvanSfica Mts complex was formed over a larger stratigraphic span because 
Aptian and Turonian index fossils were not found.

Cretaceous clastic rocks are coarser-grained in the lower parts of the 
sedimentary sequence and finer-grained in its upper parts. Tectonic deformations 
produced metre-scaled folds and smaller faults in the lower, coarser-grained parts 
of the complex whereas its upper, finer-grained parts display a stronger degree of 
deformations shown in the occurrence of tectonic wedges.
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Two individual units were distinguished by Babic et al. (1979) in this area, which 
were considered as products of two essentially different geological and 
paleogeographical phases of geological evolution.

The geological map (Fig. 1) demonstrates that mostly lower parts of the clastic 
succession, associated with subordinate basic volcanic rocks, are exposed in 
IvanScica Mt., whereas its upper parts are found only in the southern parts of 
Reka Potok. Rocks of the upper parts of the Cretaceous clastic succession are 
widespread in the surroundings of Kalnik Mt. (Simunii and Őimunic 1979); here, 
olistoliths of sandstones identical to those of the basal parts of the IvanScica 
Cretaceous succession are found. There is a similar geological situation in 
Medvednica Mt., where basal parts of the Cretaceous succession, as well as 
Tithonian-Valanginian limestones, were not yet found. Consequently, marginal 
parts of the basin can be traced along the southern flank of IvanSiica Mt. and 
probably also in the area of Samoborsko Gorje. Relics of sediments from the central 
parts of the basin are found in the Medvednica and Kalnik Mts. Large quantities 
of basic volcanic rocks associated with alpine-type peridotites in both mountains 
suggest that, in this area, during the Hauterivian-Turonian, there might have 
existed a "subduction zone" in terms of Dimitrijevic and Dimitrijevii (1974).

9 2  An. Simunic, Al. Sim и nie

Basic Volcanic Rocks

Basic volcanic rocks which occur in numerous places on the southern flanks of 
IvanScica have been studied by Golub and Siftar (1965). The volcanic rocks from 
all localities are genetically related to Cretaceous sediments; primarily, they 
represented small submarine flows interlayered with clastic sediments, but their 
primary relations were disturbed by subsequent tectonic movements. Some parts 
of the volcanic flows are pillowed.

Basic volcanic rocks are diabases which are partly or completely albitized, 
grading into spilites. The diabases are ophitic, intersertal, and porphyritic in 
texture. Major minerals are plagioclase (andesine to labradorite) and clino- 
pyroxene, with secondary chlorite, epidote, leucoxene, calcite, and quartz; 
accessory constituents are pyrite and hematite. Spilites have nearly the same 
texture and mineral composition but with the essential difference that plagioclase 
is replaced by albite.

Tectonics

The IvanSfica and Ravna Gora Mts represent complex horsts whose present 
forms were formed during the late Pliocene and Quaternary. During tectonic 
evolution they were affected by multiple movements and these deformational 
events can be correlated in time and form with orogenic phases of the Eastern 
Alps (Leonov and Khain, 1987). These mountains obtained their present 
appearance prior to the late Badenian transgression. In fact, the initial formation 
of IvanSiica and Ravna Gora began by the end of the Egerian. North-south
trending compression gave rise to folding, reverse faulting, and even thrusting
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of Paleozoic and Mesozoic rocks over Egerian clastic sediments. The deformation 
gave rise to a northerly movement in the area of Ivanätfca and to a southerly 
movement in Ravna Gora (Fig. 2). Between these mountains, a very narrow string 
of Paleozoic-Mesozoic horsts stretches (the Hum-Brda-2eljeznica row named by 
Gorjanovic-Kramberger, 1904). Geophysical and drilling data indicate that the 
tectonic zone extends as far as the Drava River in the east and RogaSka Slatina in 
the west. Many authors are of the opinion that this zone coincides with the 
"Periadriatic Lineament". It is very probable that the zone was resistent to folding 
and thus gave rise to the occurrence of Paleozoic and Mesozoic rocks in the area 
of Ivanäfica, Ravna Gora Mt. is tectonicaly less disturbed; it represents a fold, 
inclined southwards.

Previous structures have been completely disturbed by these tectonic 
movements and for this reason, the effects of older tectonic phases can be estimated 
on the basis of sudden changes in sedimentary environments, accumulation of 
coarse-grained clastic rocks, occurrences of volcanic rocks, etc.

Strong tectonic movements during the Anisian and Ladinian are indicated by 
sudden changes in the sedimentation of shallow water carbonates and deep water 
elastics accompanied by volcanics. It might be assumed that the changes w.ere 
brought about by strong faulting of the carbonate platform and its subduction. 
Along such a fault, large quantities of extrusive and pyroclastic rocks, which occur 
on the southern slopes of IvanSCica and in the Hum-Brda-Éeljeznica zone, were 
probably generated.

The deposition of deep water Tithonian limestones, Lower Cretaceous turbidites 
and the occurrence of Middle Cretaceous volcanic rocks can best be explained by 
strong tectonic movements which took place in the area of northwestern Croatia. 
The movements probably coincided with early and late Kimeridgian to Austrian 
phases of the Alpine orogeny. Younger tectonic movements, which coincide with 
sub-Hercynian, Pyrenean and younger Alpine phases, have also affected the same 
area.

9 4  An. £ im и nid, Al. $ im и nie
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Tornaicum and Meliaticum in borehole Brusnik 
BRU-1, Southern Slovakia
Anna Vozárová, Jozef Vozár 
Dionÿz Stur Institute of Geology, Bratislava

The borehole BRU-1 was drilled to the depth of 1042.8 m in the southern part of the Slovenské 
Rudohorie Mts, in the core of an anticline near the village of Brusnik. Rock complexes of the two 
tectonic units found in this borehole differ from one another in their lithology, grade of metamorphism 
and stratigraphic range. The upper unit consists of Middle Carboniferous flysch (the Turiec Formation) 
and is emplaced in the Namurian B-C on the basis of conodonts and palynomorphs. The lower unit 
(598.8-1042.8 m) consists of deep-water sediments with an olistostrome body comprising oceanic basalt 
olistoliths.

On the basis of radiolarians and palynomorphs the lower unit is dated as Middle-Upper Jurassic. 
There is a tectonic contact between the two units. The lower unit is equivalent to the Meliaticum, the 
upper tectonic unit belongs to the Túrna nappe (Tornaicum). The drilling data proved the relationship 
of the Tornaicum to the Paleozoic of the Dinaric type.

Key words: Western Carpathians, Brusnik anticline, Túrna nappe (Tornaicum), Middle Carboniferous 
Flysch, Meliaticum, Jurassic olistostrome

Introduction

Paleozoic sequences of variegated Permian deposits and a complex of dark 
phyllites, with sporadic carbonates, porphyroids and lydites crop out from the 
basement of a Mesozoic nappe in an anticlinal structure near Brusnik, in the 
southern part of the Slovenské Rudohorie Mts (Western Carpathians). Generally 
the Paleozoic sequences were regarded as part of the Gemericum s. s. On the basis 
of structural features, lithologic resemblance, and grade of metamorphism, without 
any biostratigraphical evidence, the complex of dark phyllites was compared to 
sequences of the Lower Paleozoic Gelnica Group (Fusán 1957; Snopko et al. 1970; 
Chmelik and Jablonskÿ 1964; Varga 1971, and others). Mahel’ (1954) dated the 
metasediments as Lower Carboniferous, but he also regarded them as a part of 
the Gemericum.

Variegated coarse clastic sediments resting unconformably on dark phyllites 
and containing phyllite fragments, were always considered to be of Permian age 
because of their continental character -  deposits of the red-beds type (described 
as a separate lithostratigraphic unit, denoted as the Brusnik Formation; Vozárová 
and Vozár 1988; Vozárová 1992).

Detailed lithological analysis proved a direct sedimentologic relation between 
the Permian and Lower Triassic sediments; therefore Mello and Vozárová (1984) 
regarded the Paleozoic sequences in the Brusnik anticline as a part of the Silica
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nappe. Because of the lack of biostratigraphic evidence, poor exposure of the 
terrain and lithological resemblance between sequences of the anticline core and 
the Gemeric formations, the authors (in accordance with Andrusov, Mock, and 
others) are forced to assume that the Paleozoic of the Gemeric type was the 
depositional area of the Mesozoic of the Silicicum and that the entire nappe was 
transported from the north to the south.

P O L A N D

■w ____

"Г

Fig. 1
Sketch-map of the Brusnik ar,ea. 1. Turiec Formation, Namurian B-C; 2. Brusnik Formation, 
Permian; 3. sandstones, shales, Lower Triassic; 4. Pokorádza Formation, Badenian-Sarmatian; 
5. localities of boreholes BRU-1 (Vozár et al. 1986), SGB-3 (Varga 1971); 6 . bedding, 
crystallization schlstosity
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The borehole BRU-1, drilled in the 
core of the Brusnik anticline (Vozár 
et al. 1986, 1988), presented data 
permitting quite a different inter
pretation of the relationship between 
tectonic units in this region.

Rock complexes of the two tectonic 
units found in the borehole BRU-1 
(Fig. 1) differ from one another in 
their lithology, grade of meta
morphism and stratigraphic range.

The upper unit, including the 
out-cropping Mesozoic of the Silica 
type, consists of a Middle Carbon
iferous flysch sequence (defined as 
the Turiec Fm.; Vozárová 1992). The 
lower unit consists of Jurassic deep
water sediments, including olisto- 
stromes with oceanic basalt olisto- 
liths.

The drilling data refuted any 
relationship between the underlying 
Mesozoic rocks and the Paleozoic 
basement of the Gemeric type.

Well log of BRU-1

The borehole BRU-1 was situated 
to the south of the village of Brusnik, 
on the western (right) slope of the 
valley of the Západny Turiec river, in 
the slope Za vinnym vrchom (Fig. 2). 
It was drilled to the depth of
1042.8 m. The tectonic boundary 
between the two drilled units is in 
the depth of 598.8 m.

The interval to the depth of
598.8 m represents the upper tectonic 
unit. It comprises a sequence of black 
phyllites, metasiltstones and meta
sandstones with structural features 
of distal turbidite sedimentation, 
interrupted by episodic deposits of 
gravitational slides and gravity

■ BRU- 1  
( Loc. Brusnik)

Fig. 2
Profile of the BRU-1 structural borehole, In the 
Brusnik locality. 1. carbonates; 2. silica rocks; 
3. laminated silica rocks with intercalations of 
shales; 4. shales, siltstones; 5. alternation of 
shales and sandstones; 6 . sandstones; 7. shales 
with olistolithes of carbonates; 8 . shales with 
olistolithes of shales sandstones, carbonates; 
9. polymict breccias (olistostrome); 10. para- 
conglomerates; 1 1 . tuffporphyroides, volcano- 
clastic greywackes; 1 2 . volcanoclastlc sedi
ments mixed with nonvolcanic material; 
13. basalts
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currents, including the olistostrome body. From the entire turbidite sequence only 
the Bouma facies Td-e have been preserved. This is characteristic of the distal 
flysch. Horizontal lamination, positive-graded within small rhythms, is 
predominant. Thin graded-bedded metasandstone interbeds (maximum thickness 
10-15 cm) are in sharp contact with the basement and the top.

Gravity-current deposits are represented by layers of redeposited acid volcano- 
clastics and paraconglomerates.

Redeposited acid volcanics prevail in the interval of 284-322 m. Single beds 
range from 1 to 1.5 m in thickness, and their fabric shows prominent features of 
positiveg-raded bedding, mainly in their bottom parts. Contacts between the 
single bodies are erosional at the base. The graded bedding bottom parts pass 
gradually upwards into horizontal-laminated or massive fine-grained sediments, 
proportionally with a slight decrease of volcanoclastic detritus. The coarse-grained 
portion of structure is made of magmatic quartz crystalloclasts, of albite, 
plagioclase, orthoclase, rarely of strongly alterated biotite crystalloclasts, and of 
lithoclasts of rhyolites and acid felsites. Dark shale clasts also occur near the 
erosional contacts.

The chemistry of redeposited volcanoclastics shows their relationship to 
volcanics of the rhyolite-dacite group of the tholeiite magmatic series (in 
accordance with the IUGS classification; Le Maître 1984).

The interval of 497-541 m is characterized by a maximum occurrence of the 
paraconglomerate beds. They show positive graded bedding, with erosional 
contacts to the underlying bed and predominant content of intraformational 
detritus. A characteristic future is the matrix-supporting structure with variably 
sized fragments and their chaotic arrangement. The fragments are absolutely 
unrounded. Their average size is 1-5 cm, in basal parts of the beds their size attains 
10 cm.

They consist of clasts of sericite and chlorite-sericite shales (often rich in organic 
matter), of siliceous shales, siltstones, rarely of silicites and micro-grained 
graywackes. Besides the -  most probably -  intraformational material there are also 
some extraformational clasts representing phyllites with crenulation cleavage. 
Among mineral grains quartz dominates over plagioclases. The thickness of 
paraconglomerate layers rarely surpasses 1 m. Positive gradation from the base of 
the strata to the top is due not only to changing clast size but mainly to the 
changing amount of matrix. The top parts of the strata consist only of fine-grained 
metasediments -  formerly of claystone character, rich in organic matter.

Catastrophic sedimentation is recorded by an olistostrome in the interval of 
70-207 m. In the upper part (70-116 m), it consists of carbonate olistoliths ranging 
to tens of metres. They are made up of limestones of two types: medium- to 
light-grey, recrystallized limestones, and black-grey clayey, unevenly 
recrystallized ones. The limestones contain recrystallized shell fragments of 
macrofauna. Olistoliths of dark-grey limestones (interval 114-116 m) contain 
conodonts whose age -  according to Ebner (1990) -  corresponds to the Zone
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"Idiognathoides", i.e. Namurian В-Westphalian A (Ebner, Vozárová, Straka and 
Vozár 1990).

The dating is based on remains of Idiognathoides cf. corrugatus (Harris and 
Hollingsworth 1933) -  1 specimen; Idiognathoides sp. -  2 specimens; Strepto- 
gnathodus or Idiognathodus sp. -  1 specimen, and on various fragments of these 
forms.

A carbonate olistolith in the interval of 136-146 m contained mixed conodonts. 
They differed in grade of metamorphism, and according to Ebner they originated 
from two stratigraphic horizons -  the Emsian-Tournaisian and the Namurian B-C. 
The determination is based on Idiognathoides sp. (Namurian В-Westphalian A) and 
Polygnathus sp. (Emsian-Tournaisian).

The upper part of the olistostrome (interval 70-116 m) consists of relatively large 
olistoliths, often touching one another. There is only a small amount of 
fine-grained matrix. In the interval of 100-105 m it comprises carbonate olistoliths 
ranging to decimetres in size. The matrix consists of black-grey metapelite material, 
rich in organic matter.

The structure and composition of the olistostrome in the interval of 116-207 m 
are different. Matrix prevails over olistoliths, mostly ranging to decimetres in size 
(30-50 cm). They are ordered chaotically, without mutual contacts. As for the 
composition, siliciclastic olistoliths -  fine-grained sandstones, siltstones, shales, 
silicites -  are predominant. Carbonate olistoliths are less frequent (a mixed 
conodont fauna comes from the interval of 136-146 m).

A complex of metasediments from the borehole BRU-1, from the surface to the 
depth of 598.8 m, with outcropping occurrences from the core of the Brusnik 
anticline, was defined as a separate lithostratigraphic unit and named the Turiec 
Formation (Vozárová 1992). The new lithostratigraphic unit was distinguished not 
only because of the flysch olistostrome sedimentation, but also because of the 
evidence of its Carboniferous age. The Namurian В-Westphalian A conodonts 
found in the olistoliths are most probably indicative of the Early Westphalian age 
of the entire formation.

In the West Carpathians, flysch sedimentation in this stratigraphic interval and 
also Namurian B-C sediments are absent.

Sporomorph assemblages determined by Planderová (in Vozár et al. 1988) are 
indicative of an analogous stratigraphic range. Shale samples from practically the 
entire profile and the matrix from the olistostrome sequence (from the depths of 
152.0, 154.0 m) underwent microfloral analysis. Planderová determined spores of 
the genera Raistrickia, Knoxisporites, Stenozonatriletes, sporadical species of the 
genera Ancyrospora, Aneurospora, Hymenozonatriletes. The following spores are 
dated more exactly: Tripartites vetustus (Namurian B-C); Anulatisporites bacatus 
Dyb., Jach. (Namurian A-Westphalian A); Cingulizonates loricus (Namurian A); 
Securisporites locatus (Namurian A-В); Dcnsoisporites crassigranifer (Namurian B). 
There also were a few resedimented Late Devonian spores (Ancyspora sp.; 
Perotriletes tuberosus; Samarisporites triangulus, and others). Metasediments of the 
Turiec Fm. underwent low-pressure regional metamorphism. Muscovite and albite
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associated with quartz, graphite substance and with a small amount of chlorite 
are the critical metamorphic minerals. The low-pressure regional metamorphism 
was evidenced by b0 values of muscovites (Mazzoli and Vozárová 1989; depth 366 
m, b0 = 8.995 Â, n = 22; depth 378 m, b0 = 8.994 Л, n = 38; estimated temperature 
350-370 °C, pressure about 2 kbar).

Metasediments of the Turiec Fm. show a distinct system of foliation, parallel to 
sedimentary stratification. The prominent transversal cleavage caused the 
deformation of foliation surfaces, crenulation and partial disturbance of 
postdeformational porphyroblasts of chlorite. Columnar porphyroblasts of 
chloritoid are very rare. They are parallel to cleavage. The Variscan age of regional 
metamorphism of the Turiec Fm. is assumed on the basis of phyllite fragments in 
the Permian conglomerates of the Brusnik Fm. The age of the cleavage is most 
probably Alpine.

The lower tectonic unit in the interval 598.8-1042.8 m shows varied lithology 
and represents a type of flysch olistostrome sequence. The major part of the 
profile, to the approximate depth of 840 m, consists of an olistostrome made of 
olistoliths of partly serpentinized bazalts and very coarse-grained breccia. In this 
part of the profile the interbeds of relatively fine-grained sediments, pelites and 
sandstones with horizontal lamination are only sporadical.

The contacts of single basalt olistoliths with their surroundings are sharp. Rare 
remains of the "pillow" structures were distinguished inside the bodies. Remains 
of the primary magmatic mineral assemblage mostly represented by clino- 
pyroxenes are preserved in the basalts. Plagioclases have been almost completely 
replaced by the epidote/zoisite, albite, chlorite assemblage. Clinopyroxenes are 
partly replaced by hornblende (uralitiaztion). The felty or needle actinolite 
aggregates with small grains of albite, epidote/zoisite are generated by the 
alteration of matrix. Ophitic, micro-porphyric, hyaline-ophitic and intersertal- 
divergent textures are predominant in basalts. Chlorite and carbonates fill the 
sporadic, small varioles.

Clinopyroxenes (Table 2), which form the best-preserved phase of primary 
magmatic association, correspond in their composition mainly to augite, less so to 
diopside with C2/c structures (according to the classification of Morimoto et al. 
1988, Fig. 3). In accordance with the tholeiitic character of basalts, they are 
characterized by higher Si values and correspondingly lower Al, Ti and Na-Ca 
values (proved by Alz:Ti02; Ti:Al; Ti:Ca + NA ratios; Figs 5, 6, 7). Zonality of the 
studied pyroxenes is indistinct or difficult to determine with regard to the degree 
of alteration and désintégration.

The analysed clinopyroxenes correspond to clinopyroxenes from basalts with 
low alkalinity. When compared with clinopyroxenes from basalts of the Jaklovce 
development (Fig. 4) of the Meliata unit (Hovorka and SpiSiak 1988) and from the 
Szarvaskő Formation (Balia and Dobretsov 1984), the clinopyroxenes in basalts 
from borehole BRU-1 mostly correspond to protocrystals with reduced Cr content 
in the sense of the Balia and Dobretsov (1984) division (Figs 5, 6, 7).
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Ca2Si2C)6
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Fig. 3
Composition of Ca-Mg-Fe cllnopyroxenes from basalts In borehole BRU-1 (according to 
Morlmoto et al. 1 988)

Ca2Si 20 6 
Wo

En Fs

Fig. 4
Composition of Ca-Mg-Fe cllnopyroxenes from basalts of the Jaklovce development of the 
Meliata Group (1. area of Jaklovce; 2. area of Opátka). Analyse taken over from the work by 
Hovorka and Spièiak (1988)
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Diagram of TI:AI for clinopyroxenes with indicated field for maximum Ti and AI contents in 
tholeiltlc basalts (T) (field according to Maruyama In: Takeda (1984). 1. borehole BRU-1;
2. basalts of the Jaklovce development (taken over from the work by Hovorka and Spiéiak 
1 988), field indicated with full line -  basalts of the Szarvaskő Formation (taken over from the 
work by Balia and Dobretsov 1 984)

Diagram of Ti:Ca + Na for clinopyroxenes (according to Leterrier et al. 1982) with Indicated 
field for clinopyroxenes of tholeiites and calc-alkaline basalts. 1. borehole BRU-1: 2. Jaklovce 
developm ent (taken over from the work by Hovorka and Spièiak 1 988), dashed field-area of 
Szarvaskő (according to Balia and Dobretsov 1 984)
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Fig. 7
Diagram of AI:TiO for clinopyroxenes (according to Le Bas 1962). S -  Cpx from rocks of low 
alkalinity; A -  Cpx from rocks of normal alkalinity; P -  Cpx from rocks of raised alkalinity. Other 
explanations as in Fig. 4

The composition of clinopyroxenes from basalts in borehole BRU-1 is practically 
identical with that of pyroxene protocrystals from basalts of the Szarvaskő 
Formation, which are interpreted as basalts from an oceanic floor and considered 
as ophiolites of specific type (Balia et al. 1980, 1983; Balia and Dobretsov 1984).

According to their composition, the basalts are classified as tholeiites, although 
some show affinity to alkaline basalts. This was caused secondarily by spilitization, 
followed by migration of alkalis. High bivalent Fe concentrations, a lower TiO 
content, and the absence of olivine prove that the basalts are tholeiites. The SÍO2 
content varies from 39 to 52% (Table 1). The FeOtot /(FeOtot MgO) and 
КгО/ТЮг'Т’гОз ratios show the resemblance of these basalts with those of the 
oceanic floor.

We regard them as olistoliths because the basalts have no thermal contacts with 
wall rocks, and occur with coarse elastics representing the gravity sliding of 
unrounded material, similar to "debris flows”.

The supporting structure of clasts without, or with a small amount of black 
clayey matrix is characteristic of the coarse-grained "debris flow”. The clasts are 
angular, chaotically ordered in the structure, and do not show any orientation. 
Their size varies from 1 to 20 cm. Larger clasts are rare. Their composition is
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Table 1
Chemical composition of basaltic volcanic rocks from the Meliaticum in the profile of borehole BRU-1

BRU-1 S i0 2 A1203 F e203 FeO T1O 2 P2O 5 CaO MgO MnO N a 2 0 K2O -H 2O +  H2O Sum

617.5 m 45.8 15.79 1.36 10.01 2.15 0.18 4.14 6.21 0.34 4.40 0.14 0.04 9.26 99.60

630.0 m 45.70 14.52 1.96 9.43 1.65 0.20 5.90 6.77 0.41 3.23 0.06 0.06 10.08 99.97

644.0 m 49.24 14.91 1.57 10.53 2.10 0.18 5.12 6.73 0.28 4.65 0.06 0.04 4.37 99.78

663.0 m 48.86 14.78 1.35 10.69 2.02 0.20 6.86 6.35 0.30 4.75 0.08 0.12 3.50 99.86

756.0m 50.42 14.66 1.41 10.01 1.83 0.18 5.70 6.34 0.20 4.94 0.07 0.04 3.99 99.79

767.5 m 48.08 15.65 1.51 10.79 1.95 0.18 8.79 6.43 0.23 3.61 0.06 0.03 2.71 100.02

781.5 m 48.32 14.39 1.53 10.18 1.95 0.21 10.29 6.15 0.20 3.85 0.07 0.07 270 99.91

795.5 m 51.50 15.42 1.53 8.90 1.82 0.14 5.11 6.98 0.15 5.07 0.05 0.04 3.02 99.73

82Z0 m 53.02 15.05 1.16 7.30 1.54 0.12 5.51 5.03 0.17 6.36 0.12 0.06 4.39 99.84

837.0 m 44.80 14.52 1.05 7.49 1.28 0.21 9.47 6.76 0.20 2.98 0.05 0.04 10.% 99.81

Chem. lab. of the D ionyz Stúr Inst, o f Geology, Bratislava
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Table 2
Composition of clinopyroxenes

BRU-1 /  663.0 m BRU - /7 8 1 .5 m

1 2 3 4 1 2 3 4 5 6 7 8 9 10 11

SÍ02 50.33 51.56 52.21 5261 51.53 53.28 50.42 50.67 5238 50.68 49.59 5238 49.72 49.06 48.66
ТЮ2 0.55 0.79 0.00 0.74 0.24 0.62 1.13 1.09 0.00 1.14 1.56 0.06 1.16 1.00 1.20
AI2O 3 2.40 2.84 0.35 2.56 1.12 1.60 4.06 3.88 0.76 3.70 3.12 0.61 3.53 3.87 2 6 7
FeO 7.17 8.39 12.67 7.27 12.67 9.14 7.71 8.25 1200 8.80 14.09 14.75 9.16 8.16 1247
MnO 0.28 0.43 0.71 0.43 0.61 0.31 0.30 0.22 0.57 0.28 0.32 0.81 0.20 0.05 0.50
M gO 16.62 15.88 9.69 16.39 10.61 17.47 15.36 15.88 10.02 15.35 1238 8.58 15.10 14.66 14.03
CaO 20.48 19.87 23.94 21.50 2289 17.51 20.17 20.24 24.89 20.10 18.44 2256 20.01 19.70 17.50
N a 2 0 0.25 0.25 0.36 0.26 0.47 0.21 0.31 0.31 0.43 0.32 0.38 0.31 0.35 0.29 0.26
K2O 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.03 0.02 0.00 0.03
C r203 0.25 0.08 0.09 0.00 0.02 0.00 0.12 0.13 0.05 0.00 0.00 0.00 0.00 0.08 0.13

Total 98.34 100.09 100.02 101.76 100.17 100.39 99.59 100.67 101.11 100.37 99.88 100.08 99.24 96.87 97.44

Si
AIIV
A1VI

1.897 1.910 1.998 1.913 1.965 1.954 1.875 1.868 1.980 1.878 1.887 2012 1.870 1.879 1.886
0.103 0.090 0.002 0.087 0.035 0.046 0.125 0.132 0.020 0.122 0.113 0.000 0.130 0.121 0.114
0.003 0.034 0.014 0.023 0.015 0.023 0.052 0.037 0.014 0.039 0.027 0.027 0.026 0.054 0.008

Г1
pe 2+

0.016 0.022 0.000 0.020 0.007 0.017 0.032 0.030 0.000 0.032 0.045 0.002 0.033 0.029 0.035
1.226 0.260 0.406 0.0221 0.404 0.280 0.240 0.254 0.379 0.273 0.449 0.474 0.288 0.261 0.404

Mn 0.009 0.013 0.023 0.013 0.020 0.010 0.010 0.007 0.018 0.009 0.010 0.026 0.006 0.002 0.016
Mg 0.934 0.877 0.553 0.888 0.603 0.970 0.851 0.873 0.565 0.848 0.702 0.492 0.846 0.837 0.811
Ca 0.826 0.788 0.981 0.837 0.935 0.688 0.803 0.799 1.008 0.798 0.752 0.928 0.806 0.808 0.727
Na 0.018 0.018 0.027 0.018 0.035 0.015 0.022 0.022 0.031 0.023 0.028 0.023 0.025 0.021 0.019
К 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.001 0.001 0.000 0.001
Cr 0.007 0.002 0.003 0.000 0.001 0.000 0.004 0.004 0.001 0.000 0.000 0.000 0.000 0.002 0.004
Ca 41.6 40.9 50.6 43.0 48.1 35.5 424 41.5 51.7 41.6 39.5 49.0 41.5 4 2 4 37.4
Mg 47.0 45.6 28.5 45.6 31.1 50.0 44.9 45.3 28.9 44.2 36.9 26.0 43.6 43.9 41.8
Fe 11.4 13.5 20.9 11.4 20.8 14.5 127 13.2 19.4 14.2 23.6 25.0 14.9 13.7 20.8
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variable. Light-grey rhyolites with large (1 mm) phenocrysts of magmatic quartz, 
plagioclase, chess-board albite predominate. There were also clasts of sericite 
shales, dark shales rich in organic matter, siltstones, laminated sandstones, 
graphite-sericite phyllites with prominent foliation and crenulation cleavage, 
albite-chlorite-sericite shales, albite-chlorite shales and chlorite shales. Clasts of 
silicites and sericite quartzites and of quartz-sericite phyllites are frequent. Clasts 
of clayey-carbonate, partly recrystallized shales, of crystalline carbonates and of 
completely chloritized basic rocks are rare.

In some cases the spaces among clasts were also filled, besides a clayey matrix, 
with coarse-grained sandy material whose composition resembled the composition 
of the coarse clasts.

Coarse-grained polymict breccia represent chaotic, unsorted gravity slide 
deposits (olistosynagmata in the sense of Papanikolaou in Kovács 1987, which is 
a translation of the term "slide conglomerates" in the sense of Hoedemaker 1973). 
These "debris" and basalt olistoliths form a complex olistostrome body, almost 
without matrix, ranging to about 240 m in thickness in the profile of the borehole 
BRU-1.

The rest of the section (mostly below the depth of 840 m) consists of a black 
shale complex, containing layers of laminated clayey silicites. The sediments are 
mostly horizontal-laminated and represent the quiet periods of deep-water 
sedimentation. They contain interbeds of coarser-grained sediments with 
positive-graded bedding. Besides thin beds of fine-grained litharenites (10-20 cm 
thick), there are also volcanoclastic graywacke strata (in the intervals 982-989 and 
1037-1041 m), redeposited rhyolite tuffs (interval 933-1001 m) and para- 
conglomerates (intervals 860-874 m; 935-970 m; 979-982 m; 1040-1042.8 m). The 
paraconglomerate bodies show typical signs of transport by turbidite- or fluid 
sedimentary flows and the redeposited volcanoclastics with their fabric are rather 
representative of the grainflow transport. The intraformational clastic material in 
paraconglomerates consists of dark shales, siltstones, fine-grained sandstones, 
silicites, and rare clayey carbonates. The composition of detritus is the same in the 
associated sandstones.

The age of the lower tectonic unit was determined on the basis of kerogene, 
sporomorphs, and radiolarians from the depths of 918.2 and 922.5 m.

Planderová (in Vozár et al. 1988) determined assemblages indicating the Jurassic 
age of the sediments. The following are the guide forms (according to the author): 
Maratia anglica (Dogger and higher stages); Sphaeripollenites scabratus (Upper 
Dogger and higher stages); Chasmatosporites geminus (Malm and higher stages); 
Hystrichosphaeridium cooksoni (Malm and higher stages).

Radiolarians from the depths 918.2 and 922.5 m were determined by 
Ondrejicková (in Vozár et al. 1988) as genera of Spumellaria ?Praeconocaryomma sp. 
and lArchaeospongoprunum sp. and a species from the line Nassellaria, denoted as 
Eucyrtidiellum cf. ptyctum (Riedel and Sanfilippo 1974). In the Tethyan region the 
vertical range of the species is Upper Callovian-Uppermost Tithonian levels. 
Recently Ondrejicková (1992) determined the specimen more exactly and ranged
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it to the species Eucyrtidiellum unumaensis (Yao 1979) with the Bathonian- 
Oxfordian stratigraphical range.

On the basis of the radiolarians and microfloral analysis the rock complexes of 
the lower tectonic unit may be dated as Upper Dogger-Malm.

In some places the rock complex is tectonically crushed to a great extent. 
Generally the grade of their metamorphism does not exceed the PT conditions of 
the upper part of the anchizone. Rigid rocks, represented by basalts and 
coarse-grained breccia usually do not show any signs of cleavage. The mainly 
dark shales are plastic-deformed. Critical metamorphic mineral assemblages -  
basalts: chlorite associated with albite; calcite; pelites: illite + quartz + chlorite-t- 
calcite. The entire rock complex is cut by hydrothermal veins (max 40-60 cm thick). 
Thin veins in basalts contain actinolite (amiant) or quartz, chlorite or chalcopyrite. 
In sediments they mostly consist of carbonates associated with ankerite and calcite. 
Straight contacts of veinstone with sediments are rimmed with fine-grained 
muscovite (overheating).

Regional comparison

The low-grade metamorphosed rock complex from the borehole BRU-1 in the 
interval to 598.8 m with its lithological content and stratigraphical range cannot 
be compared to any other occurrence in the West Carpathians. The coeval Middle 
Carboniferous sequences, the Rudnany and the Zlatnik Formations in the 
North-Gemeric zone (Idiognathoides zone in the sense of Kozur and Mock 1977) 
were generated under completely different paleotectonic conditions. They 
represent the post-orogenic stage of the evolution of the Variscan Orogen. They 
became part of a formerly, most probably huge, peripheral basin whose remains 
were preserved in the Alpine structure (Vozárová and Vozár 1988). They contain 
detritus originating from the formations progressively metamorphosed in Late 
Devonian-Early Carboniferous time. In contrast, the Turiec Formation in surface 
occurrences and mainly in the borehole BRU-1, shows the flysch character of 
sedimentation; thus, in the paleotectonic development of the Variscan Orogen, it 
corresponds to the orogenic stage. The sediments may be compared to Middle 
Carboniferous flysch formations from the Szendrő, and Medvednica mountain 
ranges, the Carnic Alps and South Karawanken Alps. In its lithology and 
biostratigraphy the Turiec Fm most resembles the Szendrő Phyllite Fm, containing 
carbonate olistoliths with conodonts of the same stratigraphic range. Olistoliths 
of light-coloured limestones are reminiscent of the Dedevár type and the olistoliths 
of dark and recrystallized limestones are similar to the types Verebeshegy and 
Rakaca Marmor- as described by Kovács and Péró (1983), Kovács (1988).

From the Szendrő Phyllite Formations no turbidites with rhyolite-dacite 
volcanoclastic or coarse-clastic intraformational material have been described. 
Similar types of sediments, including the rhyolite-dacite volcanoclastic material, 
were described from the Hochwipfel Flysch from the Carnic Alps and from the 
South Karawanken Alps (Schönlaub 1979). There are contradictions in opinions
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about the age of regional metamorphism. In our opinion the age of the 
metamorphism of the Turiec Fm is Variscan, because it is unconformably overlain 
by continental Permian deposits of the Brusnik Fm and because of the material 
of dark phyllites, metasiltstones, metasandstones and rare crystalline carbonates 
(area of Licince) present in the deposits. In contrast Árkai (1983), Árkai and Kovács 
(1986) assigned an Alpine age to the metamorphism of the Szendrő Phyllite, 
because part of the Mesozoic sequences in that region contain the same critical 
metamorphic minerals. It is to be noticed that the grade of rock metamorphism in 
the Turiec Fm and in the Szendrő Phyllite Fm is equal -  the greenschist facies of 
low-pressure type (Mazzoli and Vozárová 1989; Árkai 1983). But the Middle 
Carboniferous Hochwipfel Flysch in the Carnic Alps was folded and 
anchimetamorphosed before the deposition of the Upper Westphalian Auernig 
Formation.

Coarse-grained polymict breccias (olistosynagmata) are part of an olistostrome 
body and represent the most characteristic lithological member of the lower 
tectonic unit. Rhyolite fragments are predominant in the breccias. Similar 
sediments were described from Jurassic olistostrome sequences of the Rudabánya 
Mts -  the Telekesoldal Unit of the Bódva Nappe (Kovács 1988). Besides rhyolite 
detritus they also contain limestone clasts. These were absent in breccias from the 
borehole BRU-1. Rhyolites are associated with siliciclastic detritus. In contrast to 
Jurassic sequences in the Rudabánya Mts, the entire olistostrome sequence also 
contains olistoliths of spilitized basalts, showing affinity to oceanic tholeliites, 
similarly to basalts in Jurassic facies of the Szarvaskő-Mónosbél Nappes in the 
Bükk Mts (Csontos 1988).

The stratigraphic range, the olistostrome type of flysch sedimentation, and the 
presence of basalts with an affinity to oceanic tholeiites permit a comparison 
between the lower lithostratigraphic unit in the borehole BRU-1 and Jurassic 
olistostrome formations of the Meliaticum in Hungary -  the Szarvaskő and the 
Mónosbél facies in the Bükk Mts, and also the Jurassic in the Rudabánya Mts and 
in the Telekesoldal in the Bódva Nappe. In Slovakia, the nearest equivalent to this 
facies is the Drzkovce Fm (personal inf. by Mello), containing olistolites of basalts, 
silicites and carbonates. The coarse-grained polymict breccias with rhyolite 
detritus are missing (they were not found on the surface).

Interpretation

It is evident that in the borehole BRU-1 there are two tectonically different rock 
complexes (Vozárová and Vozár 1990, Fig. 8). They differ from each other in their 
lithology, stratigraphic range, grade of metamorphism and structural reworking. 
The Middle Carboniferous upper unit is evidently associated with the Mesozoic, 
formerly considered the Silica type -  the Subunit Slovenská skala (in the sense of 
Mello, in Bajanik et al. 1983; Mello and Gaál in Bodnár et al. 1986).

It is a fact that, according to the data of the quoted authors, the Mesozoic part 
to the slice of Slovenská skala is weakly metamorphosed in all occurrences in the
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West Carpathians, and shows lithological differences from the typical Silicicum in 
the development of the Middle and Upper Triassic. The Mesozoic occurring in the 
wider area of the Brusnik anticline is characterized by the presence of Gutenstein 
and Steinalm limestones in the Lower and Middle Anisian and of grey, locally 
pinkish-grey, cherty limestones with layers of dark-grey shales in the Upper 
Anisian to Ladinian-Carnian (Mello and Gaál in Bodnár et al. 1986). Near 
Chvalová village, from Pelsonian limestones immediately overlying the Permian 
-  Lower Triassic sequences of the Brusnik anticline, the conodonts Gondolella 
malayensis budurovi, G. bulgarica (Mello and Gaál 1983) and of Pelsonian -  Lower 
Ladinian age Gondolella excelsa, G. cf. mombergensis (Mock in Mello et al. 1983) were 
described.

The occurrence of basinal carbonate facies in the Middle to Upper Triassic, their 
low-grade character of alteration, besides other features, are the main reasons why 
we consider as very probable that the Mesozoic in the area of the Brusnik anticline 
belongs to the Torna facies or to the tectonic unit of the Tornaicum (Túrna Nappe), 
so as it was defined by Grill and Kovács et al. (1984), Kovács (1989).

Stratigraphie dating and lithological characteristics of metasediments from the 
core of the Brusnik anticline, such as the Middle Carboniferous Flysch and their 
contact with the Brusnik Fm, permit giving a higher precision to spatial relations 
in the palinspastic pattern of Alpine units in the Gemer-Bükk units (in the sense 
of Kovács 1989). A prominent affinity to the Dinaric facies indicates that the 
depositional area of sequences of the Túrna Nappe is restricted to the southern 
margin of the Meliata ocean near the presumed Apulian shelf. This confirms the 
assumption of Kovács (1986) in Kovács (1989), expressed in the palinspastic scheme 
of unfolding of sedimentation areas in the Aggtelek-Rudabánya domain. 
Sequences of the Túrna Nappe in the Brusnik anticline show also some differences 
in their lithostratigraphy, when compared to classical profiles of the Tornaicum 
(Grill and Kovács et al. 1984; Haas and Kovács 1985; Kovács 1989). The main 
difference is in the presence of a relatively thick sequence of coarse-clastic Permian 
red-beds (Brusnik Fm) overlying the Middle Carboniferous flysch. The 
coarse-clastic sequence is probably older than the Perkupa evaporite formation. 
Evaporites associated with fine-grained variegated elastics also occur elsewhere 
in the Slovak Karst, e.g. in the Sása syncline. There they are associated with a 
conglomerate horizon. This coarse-clastic red-beds formation probably prograded 
in time and space into evaporite sabkha-lagoonal facies, most likely representing 
the marginal deposits of the original sedimentation basin; it is unknown or not 
preserved on the territory of Hungary. According to the data from the Brusnik 
anticline the Turfta Nappe was shifted together with its Variscan basement with 
a prominent Dinaric affinity

The results of the analysis of Late Variscan depositional basins in the Central 
and Inner West Carpathians prove the southward vergency of the Variscan 
Orogen. In its final stages it had a collision character (Vozárová and Vozár 1988). 
In the pre-Triassic time the Variscides of the West Carpathians represented a 
consolidated orogenic zone joined to the stable Europe in the north and to the
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presumable remaining part of Apulia in the south. In the palinspastic scheme the 
depositional zone of the Middle Carboniferous flysch represented the intra-suture 
embayment basin along strike of the main orogenic zone whose remains are mostly 
preserved in the Gemeric nappes. Thus the external parts of the Variscan Orogen 
joined to the intracontinental part of Apulia must have been the basement of the 
Mesozoic sequences of the Turrta Nappe.

The contact line between the Variscan internides, externides and foreland was 
extremely complicated -  probably due to collision effects, and anticipated, the 
later Triassic-Jurassic rifting.

Thus, if the Mesozoic sequences in the Brusnik anticline correspond facially to 
the sequences of the Turrta Nappe, then the basement of the TurfSa Nappe must 
have been made of Paleozoic sequences with prominent Dinaric affinity.

* —  Fig. 8
Geological section through the southern part of the Slovenské rudohorie Mts and northern part 
of the Rimavská kotllna depression. Compiled by: Vozár, J. 1991 (used bases from: Varga, I. 
1971 Mello, J. and Gaál, L. In Bodnár, J. et al. 1986, Vozárová, A. and Vozár, J. 1990). 
1-2. Alpine Molasse, Miocene; 1. Pokoradza Formation: epiclastic volcanic breccias with 
layers of conglomerates (Badenian-Sarmatian); 2.0ligocene-Miocene Luîenec Formation: 
calcareous silts -  siltstones with layers of sands and clays; 3-5. Tornaicum (Triasslc);
3. Gutensteln dolomites; 4. Beds of argillaceous limestones; 5. Bedded quartz sandstones, 
shales, marly shales, In places with anhydrite; 6-8. Tornaicum (Permian-Lower Triasslc); 6. 
Brusnik Formation: varicoloured sandstones and shales, in places with layers of sandy 
carbonates and Intercalations of volcanoclastlc sediments (Upper Permian-Lower Triasslc?); 
7. Brusnik Formation: cyclically ordered polymlct conglomerates, sandy conglomerates, 
sandstones. In places with layers of acid volcanoclastics (Permian); 8. Turiec Formation: 
low-grade metamorphosed schists, aleurites, sandstones, graded-bedded para- 
conglomerates and acid volcanoclastics, olistostrome with carbonate macro- and micro- 
ollstoliths (Namurlan B-C -  Westphalian) -  correlated with the Szendrő Formation of Phyllltes;
9. Mellatlcum (Triassic-Upper Jurassic) Mesozoic undivided: shales, sandy limestones, marly 
limestones, sllicltes, cherty limestones (Triasslc); in the profile of borehole BRU-1 
(600-1042.8 m); 10-11. South Gemericum; 10. Mesozoic and Late Paleozoic of the South 
Gemerlcum, undivided; 11. Early Paleozoic -  Gelnica Group, undivided; 12-13. North 
Gemericum (Carboniferous); 12. Zlatnik Formation: metamorphosed sandstones, in places 
with layers of metaconglomerates, phyIlites, chloritic and graphitic phyllltes, crystalline 
limestones with Intercalations of basalt metavolcanoclastics (Westphalian); 13. Ochtiná 
Formation: metagreywackes, scarcelly with intercalations of fine-grained conglomerates, 
phyllltes, phyllltes alternating with metamorphosed sandstones, m etabasalts and their 
volcanoclastics, albite-epidote amphiboles, organogenic limestones, dolomites, magnesites 
(Upper Viséan-Namurlan A); 14-18. South Veporicum; 14. Alpine magmatites (Intrusive body 
of biotite granodiorite with affinity to tonalité (Middle-Upper Cretaceous?)); 15. Permian 
Rlmava Formation: metamorphosed sandy conglomerates, sandstones, sandstones with 
layers of sandy shales and phy Ilites, Intercalations of acid volcanoclastics (Lower? 
Permlan-Upper Permian); 16. Upper Carboniferous Slatvina Formation: metamorphosed 
sandstones In cyclical alternation with dark-grey phy Hite schists, graphite schists In 
alternation with fine-grained sandstones, graphite phyllites, Intercalations of intermediate and 
basic volcanoclastics (Stephanian); various Intense manifestations of contact thermic 
alternation; 17. Localities of boreholes; 18. Significant tectonic lines: I. i-ubenik-Margecany 
line, 2. Hrádok line, 3. Overthrust line of the Tornaicum -  Túrna nappe, 4. Overthrust line of the 
Mellatlcum
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Conclusions

The borehole BRU-1, drilled in the southern part of the Slovenské Rudohorie 
Mts, in the core of the Brusnik anticline, revealed two tectonically different rock 
complexes (Vozárová and Vozár 1990,1992):

1. The upper unit with Middle Carboniferous flysch, continental Permian and 
Lower-Middle Triassic Mesozoic, equivalent to the Turfta Nappe;

2. The lower unit with Jurassic deep-water sediments, including silicites and an 
olistostrome with oceanic basalt olistoliths, associated with the Meliaticum.

The presence of Middle Carboniferous flysch in the upper tectonic unit and its 
tectonic position on the Jurassic sequences of the Meliaticum prove that its native 
area was to the south of the presumed Meliata ocean, confirming the original 
view s of Kovács (1986, 1989).

The results achieved by the study of borehole BRU-1 permit the authors to 
interpret transport of the Turrta Nappe from southern areas as north-vergent (in 
the present-day orientation of units) and at the same time to exclude older 
considerations about the origin of the Silica and higher nappes being exclusively 
from the Gemeric cicatrix (L'ubenik-Margecany line).
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Plate I

1 — O listostrom e w ith matrix. Namurian B-C -  W estphalian. Borehole BRU-1, depth
100,0 m.

2 — Slumping structure in carbonate olistolith of size about 1.4 m. In the
light-coloured part limestone microstylolites are observed. Boreholes BRU-1, depth 
172.6-174.0 m.
Photo: C. Michaliková

Plate II

1 — Laminated shales (Namurian B-C -  Westphalian). Positiveg-raded bedding
disturbed by a system of cleavage. Crystallization schistosity  parallel of lam ination. 
Thickness of light-coloured lamina 3—4 mm. Borehole BRU-1, depth 451.0 m.

2-3 — Intensively deformed intraformational paraconglomerates. Namurian B-C -  
Westphalian. Borehole BRU-1, depth 366.0-370.0 m (2), depth 538.0 m (3).
Photo: C. Michaliková

Plate III

1 — Matrix of olistostrome. Namurian B-C -  W estphalian. Borehole BRU-1, depth 103 m 
Photo: C. Michaliková

2-3 — Small olistoliths of carbonates and shales in olistostrom e. Namurian B-C -  
W estphalian. Borehole BRU-1, depth 170.0 m (2), depth 172.0 m (3).
Photo: ]. Vozár

Plate IV

1-2 — Polymict coarseg-rained breccias (olistosynagma) in olistostrome. Meliaticum, 
Jurassic. Borehole BRU-1, depth 688.5 m.

3 — Fragments of rhyolites in olistosynagma. Meliaticum, Jurassic. Borehole BRU-1,
depth 680.0 m.

4 — Weakly deformed olistostrome sequence. Meliaticum, Jurassic. Borehole BRU-1,
depth 742.0 m.
Photo: C. Michaliková

Plate V

1-4 — Olistostrom e (olistosynagma) w ithout matrix. Fragm ents of volcanic rocks. 
Meliaticum, Jurassic. Borehole BRU-1, depth interval 690.0-693.0 m.
Photo: C. Michaliková



Plate  VI

1-3 — Rhyolitic olistosynagma in olistostrom e sequence. Meliaticum, Jurassic. Borehole 
BRU-1, depth interval 720.0-722.0 m.

4 — Slightly deformed olistostrome sequence. Meliaticum, Jurassic. Borehole BRU-1, 
depth 822.0 m.
Photo: C. Michaliková

P la te  VII

1—2 - — Microfacies of the Upper C arboniferous limestone olistolith: w ackestone,
metabiosparite w ith echinoderm and ostracode fragments. Borehole BRU—1, depth 
75-85 m.
16x (2,3), 50x (1).

4—5—6 — Redeposited rhyolite volcaniclastics w ith  distinct metamorphic recrystallization of 
matrix. Volcanoclasts are flattened into direction of foliation cleavage. Layers of 
volcaniclastic turbidites, Namurian B—C — Westphalian A, borehole BRU-1, depths 
319.0 m (4), 286.5 m (5), 264.8 m (6). 16x.

7 — M etaparaconglomerate: angular sedim entary clast and recrystallized matrix with
incipient foliation. Namurian -  W estphalian conglomeratic turbidites, borehole 
BRU-1, depth 498.2 m. 16x

8 — Matrix of the Nam urian -  W estphalian olistostrome with a well expressed preferred
orientation. Borehole BRU-1, depth 159.2 m. 16x.

P la te  VIII

1 — Progressive-graded microlamination. N am urian B-C -  W estphalian A metapelites,
borehole BRU-1, depth 558.6 m. 16x.

2 — Metapelites w ith crenulation cleavage. Nam urian B-C -  W estphalian, borehole
BRU-1, depth 572.0 m. 16x.

3 — M etasandstone w ith preferred orientation of matrix. Namurian B-C -  W estphalian,
borehole BRU-1, depth 342.0 m. 16x.

4 — Texture of rhyolite clasts from Jurassic olisthostrome. Borehole BRU-1, depth
707.5 m. 16x.

5 — Matrix -  free texture of olistosynagma from the Jurassic rhyolite bearing
olistostromatic formation. Borehole BRU-1, depth 688.0 m. 16x.

6 — Jurassic radiolarian biomicrite. Borehole BRU-1, depth 922.5 m. 16x.
7—8 — Dark radiolarian rocks with felzitic volcanic clasts. Matrix shows a w eak preferred 

orientation. Jurassic, borehole BRU-1, depth 842.5 m. 16x.



Plate IX

1 — M icroporphyric-glom eroporphyric texture of basalt. Jurassic olistostrome, borehole
BRU-1, depth 835.3 m. 16x.

2 — Intersertal texture of basalt. Jurassic olistostrom e, borehole BRU-1, depth 630.5 m.
16x.

3 — M icrodoleritic texture of basalt Jurassic olistostrom e, borehole BRU-1, depth  754.8
m. 16x.

4 — Weak recrystallized vitroporphyric texture of basalt. Jurassic olistostrome, borehole
BRU-1, depth 645.0 m. 16x.

5 — Phenocryst of clinopyroxene (zonal s truc tu re  -  distinct core and rim) w ith a slight
uralitization along the rim. Jurassic olistostrom e, borehole BRU-1, depth 811,2 m. 
50x.

6 — Sub-ophitic texture of basalt, w ith phenocrysts of clinopyroxenes and plagioclases.
Jurassic olistostrome, borehole BRU-1, depth 822.0 m. 16x.

7 — Phenocrysts of uralitized clinopyroxenes w ith zonal structure. Basalts from
Jurassic olistostrome. Borehole BRU-1, depth 811.2 m. 50x.

8 — Twinned phenocryst of clinopyroxene w ith a slight uralitization along the rim.
Jurassic olistostrome, borehole BRU-1, depth 811.2 m. 50x.
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Pieniny-type Mesozoic formations from 
Maramures, Romania (Second part)
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IFP, Paris University of Budmresl

The paper describes three new formations of Cretaceous or Cretaceous-Paleocene age in detail. 
They belong to the most complicated element of the East-Carpathians Orogen: the Pieniny Klippen 
Belt.

1. Dark-coloured petites of Scaglia Cinerea type, called the Poiana Botizii Formation, reaching a 
thickness of 40-50 m. According to the microforaminiferal and dinoflagellate contents, it belongs to the 
Hauterivian, Barremian and Lower Aptian stages. The Upper Aptian-Albian interval is a hiatus 
corresponding to the Austrian tectogenesis.

2. Brick-coloured, silty marls of Couches Rouges type is named the Piatra Rojie Formation, with a 
thickness of approximately 100 m. Its microforaminiferal content is characteristic for the Lower 
Cenomanian-Lower Paleocene interval, with some small hiati.

3. A marginal transgressive formation, the Ungureni Formation, is represented by marls with 
concretions, calcarenites with Orbitoids and conglomerates. The micropaleontological content (macro- 
and microforaminifers, dinoflagellates and nannoplankton) represents the Middle-Upper Senonian, 
Paleocene and Lower Eocene stages.

The soft and prevalingly Cretaceous formations briefly described above represent a transition 
between the dominantly carbonate, biogenic, hard Upper Jurassic formations (Bombi(ä and Pop 1991) 
and the Palaeogene detrital sequence (flysch).

It is hypothetically assumed that the outcrops at Poiana Botizii represent the Mesozoic basement 
in the Pieniny facies of the Magúra Nappe, as a new subunit of this nappe which is in an external 
position with respect to the Grajcarek subunit, described by Birkenmajcr in the Polish Carpathians.

Key words: Maramureç-Romania, Pieniny Klippen Belt, Cretaceous, Magúra Nappe.

Introduction

Half a centruy ago, in the village of Poiana Botizii in the Lâpuÿ area, Maramure^ 
district, on the northern border of the Transylvanian Basin, some outcrops of 
Tithonian-Neocomian Pieniny limestones and Senonian Couches Rouges marls 
were investigated (Anton 1943). Later on, Dumitrescu (1957) and Bombijá (1966,
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1972) pointed out that these rocks represent rabotage klippen in front of the small 
Botiza Nappe (Figs 1 and 2).

The Pieniny type Mesozoic rocks from the village of Poiana Botizii are grouped 
in two sequences within a lithologically continuous succession: a hard lower one 
and a soft upper one. Consequently, each of them can be approached by different 
methods of stratigraphic study.

The lower sequence was deposited within a time span of about 28 Ma, from the 
Callovian to the Berriasian. It contains essentially condensed volcanic and 
sedimentary formations, which were re-examined in detail by Bombifá and Savu 
(1986) and Bombifä and Pop (1991).

This paper is dedicated to the upper sequence, but as an introduction a short 
summary will be given below (Fig. 3).

Callovian: pelitic tuffs of violet-red colour and pumice stone blocks; yellowish 
cinerites associated with sandstones of basalts or basaltic andesites.

Callovian-Oxfordian: striped greenish-red radiolarites.

1 1 8  G. Bombifâ et al.
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Пд. 1
Geological sketch-map of the Romanian Maramure§. Position of the Pienlny-type Klippen at 
Poiana Botizii village. 1. Inner Dacides: Bihor Autochthon: 2. Middle Dacides: East-Central 
Carpathian Nappes; 3. post-tectonic cover of the Dacides; 4. Magúra Nappe and its equivalent 
units to South-East: 5. Klippen of pieniny facies at Poiana Botizii: 6. Neogene molasses; 7. 
Neogene volcanics: 8. Outer Dacides: Black Flysch and Ceahläu Nappes; 9. Moldavides: 
Teleajen, Audia, Tarcäu, Marginal Folds and Subcarpathian Nappes; 10. foredeep and platform
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Poiana Botízii-Ungureni-Botiza region. Geological map after Dumitrescu (1953, unpublished), Bombijá (1972) and Sándulescu (1981).
1. Pieniny outcrops in Poiana Botizii village: volcanic and condensed sedimentary formations (Callovian-Berriasian-ÎValanginian); Poiana 
Botizii Formation of the Scaglia Cinerea type (Upper Neocomian-Lower Aptian); 2. Piatra Roçie Formation (Couches Rouges, Cenomani- 
an-Lower Paleocene); 3. Tocila-Secul Group (Magúra type flysch) (Paleocene-Eocene): a -  Tocila Flysch, b -  Secul Sandstone, c -  Valea 
Vinului Beds; 4. Ungureni Formation: marlstones and calcarenites with Orbitoids (Santonian-Early Eocene); 5. Jijia Flysch (5a) and the 
heteropical equivalent Marginal Group of Podhale type (Middle-Upper Eocene): Prislop-Sulov Conglomerates with Nummulites perforatus 
(5b); limestones with pebbles and with Nummulites striatus (5c); Strâmbu Fluxoturbidites (5d); 6. Valea Carelor Beds (6a) (Lower Oligocène); 
Borsa Sandstone (6b) (Upper Oligocene-Lower Miocene); 7. Borsa type sandstone (7a); Valea Lápusului Beds (7b) (Upper Oligocene-Lower 
Miocene); 8. Neogene molasses; 9. Neogene volcanics; 10. Quaternary: various detrital sediments; 11. Badenian transgression; 12. erosional 
contact; 13. metamorphic, Mesozoic and Eocene blocks in progress; 14. overthrust; 15. inverse fault; 1 6. normal fault
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Oxfordian, Petricea Formation: detrital-turbiditic limestones with ophiolite 
fragments and hard, light-grey limestones with joints varying in size.

Kimmeridgian-Lower Tithonian, Várá§tina Formation, consisting of four 
members: (1) spotted pelagic limestones and cream-coloured-greyish-olive green 
cherts; (2) lenticular breccia; (3) Aptychus-bearing red shales alternating with 
nodular calcarenites; (4) thin and strongly compressed Saccocoma-bearing reddish 
or greenish nodular limestones (Ammonitico Rosso).

Lower Tithonian-Upper Berriasian: greyish or milk-white, fine-fissured 
limestones; Biancone or Maiolica-type, Calpionella-bearing micritic limestones, 
tectonically shifted below the Vâràçtina Formation. Although there is no evidence 
for this, the deposition interval of this formation might also include the 
Valanginian, as in the Central Appenines (Cecca 1984).

Except for the Maiolica limestone, the other hard formations preserve their 
normal succession within the klippen (Fig. 3).

The upper sequence consists of three new and relatively soft formations, deposited 
during the Middle and Upper Neocomian to Lower Eocene interval in about 80 
Ma, with a significant break (20 Ma) in the middle of the Cretaceous.

The three formations are as follows:
1. The Poiana Botizii Beds, previously identified with the Tissalo Formation 

from the Ukrainian Pieniny segment (Bombifä 1972; Dicea et al. 1980; Sändulescu 
et al. 1982). The type sections are found in the La Piatrâ quarry (Fig. 2) and in the 
Várá^tina valley (Fig. 3, Scale IV) in the Poiana Botizii village area.

2. Piatra Ro^ie Beds, previously called "red marls" or "Couches rouges" (Anton 
1943; Dumitrescu 1957; Bombifá 1966, 1972; etc.). The type sections are situated in 
the neighborhood of Poiana Botizii village: in Varastina valley Fig. 3, Scale IV -  
lower part of the formation; Fig. 4, Scale II -  medium part. In the Poienii valley 
Fig. 5, Scale III -  medium part; the upper scales -  upper part of the beds. At the 
Cisme brook -  upper part also.

Fig. 3 «-
Main Pieniny exposures from Poiana Botizii village. 1. cherry-coloured clays with tuffaceous 
volcanoclastics and pumice blocks, Callovian; 2. yellowish cinerites and cinerite sandstones 
with slllcolites, Callovian; 3. greenish-red radiolarlan banded jaspers with thiny argillaceous 
Intercalations, Callovian-Oxfordian; 4-5. Petricea Formation: 4. detrital turbiditic limestones 
with volcanobaslc fragment; 5. light-grey, hard, finely fissured calcarenites, Oxfordian; 
6-9. Vàràçtina limestones: 6. pelagic creamy-gray-olive spotted limestones with cherts; 
7. lens-like quasihomogeneous sedimentary breccia; 8. red, Aptychus-bearing shales, 
alternating with nodular limestones; 9. pink, greenish-grey, nodular limestones with 
Saccocoma (Ammonitico Rosso), tightly bedded and highly compressed, Kimmeridgian- 
Lower Tithonian; 10. milky-grey, hard, pelagic, micritic limestones (Biancone Calpionellid 
limestones thrust in member no. 6), Lower Tithonian-Upper Berriasian-? Valanginian; 
11. Poiana Botizii Formation: olive grey marls with siliceous concretions, Hauterivian-Lower 
Aptian; 12. Piatra Rogie Formation: brick-red marly siltstones (Couches Rouges), 
Cenomanlan-Lower Paleocene. (12a, lenticular? gray marls with tuffites and tuffaceous 
sandstones, Cenomanian); 13. variegated Upper Paleocene marls and silts; 14. Eocene flysch 
(Tocila-Secul Group)
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Geological cross-section through the frontal part of the Botiza Nappe along the Várástina brook, east of the third scale in Fig. 3. 1. Piatra 
Roçie Formation; 2. cherry and silty micaceous, variegated marls, Upper Paleocene; 3. typical (Tocila) flysch, Eocene; 4. Valea Lápusulul 
Fluxoturbidltes, Parautochthon, Upper Oligocene-Lower Miocene; 5. overthrust; 6. faults, tectonic contact; 7. continuous seccession; 
8. covered stratigraphical interval (1987 y.)

Geological cross-section through the frontal sector of the Botiza Nappe In Poiana Botizii village, along the Polenil stream. 
1. Callovian-Lower Neocomlan: mostly calcareous rocks In Pienlny facies; 2. Neocomlan-Lower Aptian: gray marly sequence (Poiana 
Botizii) Formation, "Scaglia Cinerea"); 3. Cenomanian-Lower Paleocene: Couches Rouges (Piatra Rosie Formation); 4. Upper Paleocene: 
cherry and silty micaceous marls; 5. Eocene: typical (Tocila) flysch; 6. Upper Oligocene-Lower Miocene: Valea Lapusului fluxoturbidites; 
7. erosional unconformity (Lower Cenomanlan/Lower Aptian); 8. faults; 9. overthrust; 10. covered stratigraphical interval (1987 y.)
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3. Ungureni Beds; its former name was "Orbitoids Beds" (Bombita 1966, 1972). 
The type section is situated along the Izvorul Rau arid Izvorul Mare brooks, north 
of Ungureni village (Fig. 2).

History, description and age of the formations

Bl. Poiana Botizii Formation: dark-coloured pelites (Lower Cretaceous)

It is a Scaglia cinerea-type formation of essentially pelagic marls, the existence 
of which was revealed in the Borcut borehole situated in the north-western 
periphery of Baia Mare town, in the Romanian Maramure§ ("Tissalo Beds", 
"Vraconian-Cenomanian" -  Bombifä 1972).

In this borehole, below the depth of 1400 m, these beds are in tectonic repetition 
with red marls, and were encountered with a thickness of ca 500 m. It is supposed 
to be a repetition of a few subvertical scales. Their contact with the basement 
should also be tectonic, as below this formation the borehole directly reached 
metamorphic rocks, without the older sequence (Mesozoic limestones) or basal 
breccias and transgression conglomerates.

The cores in the Borcut borehole consist of dark-grey, hard, slightly silty and 
fine micaceous pelites and -  due to an obvious stress schistosity -  in places scaly, 
with polished surfaces. Frequent calcitized diaclases were noticed.

Among argillaceous minerals, the chlorite quantity is variable, while illite 
abounds (according to A. Baltres). In places, the sequence appears to have been 
affected by the regional Neogene volcanic thermo- and hydrometamorphic 
activity.

The existence of beds was subsequently pointed out in the Làpuÿ Mountains 
by Antonescu et al. (1975) and by Sândulescu et al. (1982). The outcrops in the old 
La Piatrâ quarry, north of Stâmbu village (Fig. 2), are scarce but interesting, as 
their biocontent proves them to consist of the oldest part of the formation. The 
pelites here are dark-grey and green, with an obvious schistosity and rather vague 
initial lamination. From the mineralogical point of view it is made up of illite 
(according to A. Baltres).

The poor microforaminifer association, with Dorothia praehauteriviana Dien, et 
Mass., and Lenticulina ouachensis bartensteini (Moull.), most likely belongs to the 
Lower Hauterivian. The microflora is extremely rich in continental and marine 
(dinoflagellate) elements. Among the latter, the following should be mentioned: 
Chlamydophorella nyei Cooks, et Eis., Cometodinium sp., Cribroperidinium sp., 
Ctenidodinium elegantulum Mill., Druggidium deflandrei (Mill, et Hab.), D. cf. 
apicopaucicum Hab., Dingodinium?albertii Sarj., Gonyaulacysta ex. gr. G. diutina Duxb. 
G. helicoidea (Eis. et Cooks.) Sarj., Muderongia sp., Occisucysta sp., Oligosphaeridium 
complex (White), Dapsilidinium cf. warreni (Hab.), Pterodinium cingulatum cingulatum 
(Wet.), Rhinchodinium aptiana (Def.), R. cf. palla (Sarj.), Spiniferites dentatus (Gocht) 
and Chytroeisphacridia cf. pericompsa (loan., Stav. et Down.).
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The dinoflagellate association with Druggidium deflandrei indicates the 
Hauterivian (Antonescu and Avram 1980). This key fossil is present at the 
stratotype of the stage (Millioud 1969), in the Northern Atlantic (Habib 1975), at 
Svinifa-Banat (Antonescu and Avram 1980) and in the Moesian Platform in 
Romania (Scornicesti borehole, according to Antonescu, unpublished data).

Before the construction of the forestry roads in the surroundings of Poiana 
Botizii village (1970-1971), there was only a single outcrop of the formations on 
the left bank of the Varastina brook in Scale III (Fig. 3). In that period, these beds 
were identified with the Eocene Tocila pelites (Bombitá 1972), which led to a few 
false considerations on the genesis of the regional structural ensemble. An inverse 
lithostratigraphic identification was made by Sandulescu et al. (1982) concerning 
the Eocene outcrop at the confluence of the Scridoase brooks (Fig. 2).

These beds in the Várá^tina valley were recently cited as "silicified green marl 
formation", corresponding to the upper part of the Tissalo beds in the Ukrainian 
Transcarpathians. It has planktonic markers of Middle Cenomanian age 
(Antonescu et al. 1975; Dicea et al. 1980). This silicified marl also corresponds to 
"marnes et argiles sombres, cassantes ou feuilletées, tachetées" with micro- 
foraminifers and palynological elements of Late Barremian?-Aptian (especially) 
Albian-Early Cenomanian age (Sandulescu et al. 1982). A condensation or crushing 
was supposed to have occurred during the Albian.

Along the Vàrâçtina brook (Fig. 3), the transition between Jurassic and 
Cretaceous is not visible because, on the one hand, the Tithonian-Berriasian 
(-Valanginian) Maiolica limestones in Scale III underwent a mechanical 
transposition towards the base of the Kimmeridgian Väräßtina formation; on the 
other hand, in Scale IV, the upper member of the Vàrâ^tina formation ( Ammonitico 
Rosso of the Lower Tithonian) is separated from the Eocretaceous pelites by a 
fault along which the Maiolica limestones disappear. Here the grey marls are 
poorly exposed on the right slope, and well exposed on the left slope. The best 
outcrop is in Scale IV. In fact, this scale is the only one exposing the contact 
(erosional unconformity) with the overlying Couches rouges.

In the vicinity of Poiana Botizii the estimated thickness of the formation is of 
40-50 m. It is folded, sheared, compressed and crushed, probably owing to the 
contrast with the Jurassic-Neocomian basement.

The Scaglia cinerea-type beds are represented here by grey silty, hard marls 
forming scales and splinters, in places with greenish shades and thin crusts of 
yellowish-rust-colour. The СаСОз content varies between 35-60%, while the 
insoluble residue contains much quartz, little muscovite or sericite and very few 
feldspar and chlorite (according to A. Baltres).

Sandstones are lacking. Pelites, instead, contain very characteristic siliceous 
concretions. Cherts are to be found in Scale IV (Fig. 3) of the new outcrop on the 
left slope, disconformably overlain by Couches rouges; the latter contains 
reworked material thereof in its base. The cherts are small or medium sized, 
greenish-grey, ovoid bodies of concoid fracture. The core of these concretions 
consists of almost pure, light brownish-yellow silica (jasper). They are of biogene
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origin -  radiolaria test and sponge spicules (Friedman and Sanders 1978). In the 
silica of the slightly translucent nuclei, incompletely dissolved Nasellaria skeletons 
are still floating. A section through the nodules shows violaceous-red spots in a 
greenish-grey background. The silica precipitation has hidden the textural features 
of the rocks, except for a less penetrated thin aureole at the margin of the nodules.

The base of the grey marls at the Väräßtina brook belongs to the Lower 
Barremian, with Hippocrepina depressa Vas., Hormosina ovulum Grzyb., 
Verneuilinoides subfiliformis Bart., V. neocomiensis (Myatl.), Scherochorella minuta 
(Tapp.), Pscudoreophax cisnoviccnsis Ger., Haplophragmoides cf. chapmani Cresp., H. 
concavus (Chapm.), Gaudryina oblonga Zasp., Dorothia kummi (Zedl.), Lenticulina 
gibber Esp. et Sig., L. gaultina (Bert.), L. sulcifera (Reuss) and Trochammina vocontiana 
(Moull.).

The Middle-Upper Barremian is represented by an association of Ammodiscus 
tenuissimus (Gümb.), Hormosina ovulum crassa Ger., Gaudryinella shcrlocki Bart., 
Haplophragmoides cf. concavus (Chapm.), Spiroplectina davidi Moull., Lenticulina 
gaultina (Bert.), L. sulcifera (Reuss), Vaginulinopsis planiuscula Reuss, Lingulo- 
gavelinella barremiana (Bett.), Hedbergella cf. sigali Moull., and Verneuilinoides 
neocomiensis Myatl.

The last grey marl levels contain an Upper Barremian-Lower Aptian 
microforaminifer association of Dorothia kummi Zedl., Hedbergella aptica (Ag.), H. 
cf. sigali Moull., Lingulogavelinella barremiana (Bett.), Gyroidinoides gracillima (Dam), 
Haplophragmoides concavatus (Chapm.), H. cf. nonioninoides Ger., H. cf. champani 
Cresp., Gaudryina oblonga Zasp., G. borimensis Kov., G. praedividens Neagu, 
Gaudryinella sherlocki Bett., Trochammina vocontiana Moull., Hippocrepina depressa 
Vas., Pseudonodosaria mutabilis (Reuss) and P. tenuis Born.

Under the road, on the right side, at Puntea din Sus (the footbridge over the 
river Poienii - Fig. 3), the Poiana Botizii Beds crop out crushed and in a less clear 
stratigraphic position, but with a doubtless Barremian micropaleontological 
content.

In the past a small outcrop in Scale III, on the left side of the Vàrâçtina brook 
(Fig. 3 ), erroneously identified as the Eocene Tocila flysch, contains a Barremian 
foraminiferal assemblage. Moreover, the species of dinoflagellate Prolixo- 
sphaeridium parvispinum (Def.) is significant due to its acme zone at the Lower 
Barremian-Upper Barremian boundary and in the Aptian (Antonescu and Avram 
1980). Besides P. parvispinum, other Upper Barremian-Lower Aptian species, such 
as Aptea cf. polymorpha Eis., Aptedinium granulátum Eis., Plorentinia cf. mantelli Dav. 
et Will., Gonyaulacysta cf. cretacea Neale et Sarj., Meiourogonyaulax psoros Dav. et 
Verd., and M. stoveri Mill., are also worth mentioning.

In conclusion, it is supposed that the Jurassic-Cretaceous boundary precedes 
the gradual passage from the Maiolica limestones to the Scaglia Cinerea facies 
sequence in the outcrops of the Pieniny facies in the Poiana Botizii and Strâmbu 
villages. According to our data, the Poiana Botizii formation was deposited during 
the Hauterivian to Early Aptian. Its equivalence to the Tissalo Beds from the 
Ukrainian Pieniny sector (Glusko and Kruglov 1975, 1979; Kruglov 1986) seems
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more questionable than formerly (Bombifá 1972). At the same time, one should 
consider the possibility of a synonymy of the Poiana Botizii Beds with the Hluk 
Beds (Valanginian-Aptian) from the Slovakian sector of the Magúra Unit 
(Andrusov and Samual 1973).

Finally, it is thought that what Böhm-Bem (1944) considered, without argument, 
to be Eocretaceous sediments in the region (at the springs of the Tibles and Botiza 
brooks), represent Paleogene marly clays subject to the Neogene hydrothermal 
influences.

B2- Piatra Ro^ie Formation: Couches rouges (Upper Cretaceous-Paleocene)

The brick-red-coloured Globotruncana marls from Maramureß are considered 
to be similar, on the whole, to the Couches rouges from the Préalpine Nappes or 
to the Scaglia Rossa from the Eastern Alps.

The terms "Klippenhiille" from the Austrian literature and "revêtement" or 
"couverture des klippes piénines" from the Polish and Slovakian literature were 
used to express their role as anvelope of the condensed and hard Jurassic pieniny 
rocks with which they usually are associated.

Following Andrusov (1929), Kräutner (1934) and Anton (1943) described and 
correlated these marls with the Upper Cretaceous Puchov Beds from Slovakia.

Birkenmajer (1977) established, however, that Horwitz's acceptance for the 
Puchov marls has only historical value at present.

The most numerous and complete Couches Rouges outcrops from Maramure^ 
are also to be found in the surroundings of Poiana Botizii village, namely in the 
scales crossed by the Poienii stream (e.g. the Piatra Ro^ie outcrop), along the 
Vàràçtina brook or other brooks descending from the Secätura-Mägura Tocila crest 
towards the Southeast and South (Figs 2-5). These outcrops were mentioned by 
Hauer and Stäche (1863) and Primics (1866), but they were already discovered by 
prospectors in the first half of the last century, if not even earlier.

The Piatra Rogie outcrop is an old quarry at Poiana Botizii. The other principal 
outcrops are visible in the following places (Fig. 1): in the Sáláuja valley near 
Romuli village (Böckh 1894-1897); at the ßetrev Pass and in the Carele valley, south 
of Sacel village (Kräutner 1934); in the Pläiuju and Botizu valleys, south of Botiza 
village (Mutihac 1956); in the small scales between Rona and Bistra villages at the 
Cornetu, Luhei, Neagra and Lalu brooks (Dicea et al. 1980). All these outcrops 
were considered to be in tectonic position by their finders. This opinion was also 
held by Bartko, Böhm-Bem, Jasko, Pavay-Vajna, Reich and Schreter (in Reich 1950), 
Patrut (1952, "ßetrev Nappe") and recently by Bombijá (1972) and Sándulescu 
(1984).

The outcrops south of Säcel village were interpreted as sedimentary klippen by 
Patrulius and Popescu (1960), Dicea et al. (1980).

At least in places the formation seems to have acted as a lubricant which 
facilitated the décollement processes in the Lâpuÿ Mts (Bombijä 1972).

The dating of the red marls was attempted by Anton (1943) (Upper Senonian) 
and Bombi(á (1972) (Turonian-Senonian). The latest studies (Antonescu et al. 1975;
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Dicea et al. 1980) revealed the arenaceous foraminiferal assemblages, with rare 
planktonic representatives, to be as old as Campanian, Maastrichtian and 
Paleocene ;or Middle-Upper Cenomanian, Turonian (condensed or resedimented), 
complete Senonian with reworkings from the Cenomanian and Paleocene 
(Sándulescu et al. 1982).

At Poiana Botizii the red marls are represented by ca 100 m of silty marls and 
marly silts which are red-brick-coloured, more rarely grey-greenish-blue in the 
reduction zones. In places iron oxide crusts and veinlets can be noticed. The 
organic traces consist of rare imprints or flat molds of algae and bivalve shell 
fragments.

The formation reveals the tectonic features of the strongly affected silty pelitic 
rocks, such as broken folds, crushing zones, scales, diaclases filled with calcite and 
stress surfaces.

The rock in dry state, due to the finely dispersed detrital material, becomes 
quite hard and rough, and breaks into chips and slabs. According to Mutihac 
(1956) and Patrulius (1956), in the surroundings of Sacel village the formation 
contains rare and thin, hard, greenish-grey calcareous sandstone intercalations 
with plane surfaces or small globular sole marks.

Marschalko (1986) considers the Senonian red marls from the Carpathians to be 
pelagites, but in our opinion they are more likely to be hemipelagites.

The brick-red marly silts originate in red mud accumulations, pigmented by 
iron oxides generated in arid conditions, with high dissolution capacity of the 
microtests and quasi-total oxidation of the palynological content below the CCD 
level (Walker 1974). In this way the predominance of the arenaceous foraminifers 
can be explained, as well as the bed state of the obviously rounded, eroded or 
dissolved planktonic and benthonic calcareous microtests.

From a mineralogical point of view, illite prevails along with a little chlorite or 
montmorillonite. The СаСОз concentration ranges between 46-65%. Dolomite 
occurs as traces. The insoluble residue contains quartz (prevailing among 
terrigenous minerals), muscovite, sericite, feldspar and chlorite (acc. to A. Baltres).

The lower section of the formation in the Romanian Maramureg could be 
examined in a single outcrop (Fig. 3); all the other occurrences expose the upper 
section of the formation and show its gradual passage to the Paleocene silts.

В2a. The only site where the discordant superposition between the Eocretaceous 
Scaglia Cinerea and the Upper Cretaceous Couches Rouges can be examined is to 
be found on the left slope of the Várágtina brook in Scale IV (Fig. 3 -  the site is 
already about to be recovered). Here the upper Lower Aptian levels of the gray 
marls with concretions are overlapped and reworked by the first brick-red, silty 
or fine-grained sandy marls, with planktonic foraminifers from the base of the 
Lower Cenomanian (possibly Vraconian-Cenomanian), such as: Rotalipora 
appenninica appenninica (Gand.), R. app. gandolfii Lut. et Prem.-Silva, R. app. evoluta 
(Sig.), R. brotzeni Sig., R. monsalvensis Morn., Hedbergella ddrioensis (Cars.), 
Praeglobotruncana marginodcntata (Loeb. et Tapp.), P. steplumi stephani (Gand.), P.
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marginaculeata (Loeb. et Tapp.), P. delrioensis Carsey and Clavihedbergella simplicissima 
(Magne et Sig.). The benthonic forms are also abundant: Marsûnella oxycona (Reuss), 
Dorothia concina (Reuss), D. conulus (Reuss), Tritaxia gaultina gaultina (Masl.), T. 
gaultina carinata (Neagu), T. amorpha (Cushm.), Gyroidinoides nitidus (Reuss), G. 
mauretanicus Carb., Gaudryina carinata Franke, Pleurostomella obtusa Bert., 
Recurvoides imperfectus Hanzl., Ellipsoidella gracillima (Cushm.), Heterolepa polyraphes 
(Reuss), Osangularia cretacea (Carb.), Ammobaculites problematicus Neagu, 
Spiroplectammina roemeri Lal., Haplophragmoides nonioninoides Ger., Orostella 
aumalensis (Sig.), Kalamopsis grzybowskii (Dyl.), Hormosina ovulum ovulum Grzyb., 
and Plectina lenis Grzyb.

The outcrop continues on the right bank of the Várá t̂ina brook. The first two 
meters downstream include in the precedent association a few new elements of 
the Rotalipora brotzeni zone: Hedbergella planispira (Tapp.), Rotalipora thomei (Hagn 
et Zeil) and Clavihedbergella simplicissima (Magne et Sig.), very frequent along with 
the index species. Some of the benthonics of the R. brotznei zone are: Scherochorella 
minuta Tapp., Plectorecurvoides alternans Noth, Nodosaria lepida Reuss, Orostella spira 
(Tapp.), Pleurostomella obtusa (Bert.) and Gavelinella schloembachi (Reuss).

The following species may be quoted for the medium-upper part of the Lower 
Cenomanian: Hedbergella brittonensis Loeb. et Tapp., Spiroplectammina gandolfii 
(Carb.), Pleurostomella réussi Bert., Lituotuba incerta Franke and Planulina lundegreni 
(Brotz.).

After an interval of about 2,5 m the outcrop continues also on the right bank 
of the brook. In the first meter the population of microforaminifers remains 
characteristic of the R. brotzeni zone. The benthonic foraminifers include: 
Arenobulimina advena (Reuss), Vaginulina strombecki Reuss, Dentalina lepida (Reuss) 
in an association preserving, however, Ammobaculites problematicus Neagu. 
Somewhat downstream, on the same bank, the Lower Cenomanian is directly 
overlain by the Lower Turanian with Uvigerammina jankoi Majz., and Ammobaculites 
problematicus Neagu, associated with Haplophragmoides gigas minor Nauss, Tritaxia 
gaultina carinata Neagu and Gyroidinoides nitidus (Reuss). The stratigraphic hiatus 
comprises the Middle-Upper Cenomanian (The Rotalipore reicheli + R. cushmani 
zones) and the base of the Turanian with large tests of Praeglobotruncana.

The terminal Lower Turanian and the Middle Turonian are represented by the 
Ammobaculites problematicus -l- Uvigerinammina jankoi zone in an assemblage 
also containing Lituotuba incerta Franke, Haplophragmoides kirki (Wed.), Gaudryinella 
pseudoserrata Cushm., Verneuilinoides polystropha (Reuss) and Thalmannammina 
recurvoidiformis Neagu et Toc. There are also taxa reworked from the Lower 
Cenomanian.

At about six or seven meters above their base the red marls contain abundant 
Ammobaculites problematicus Neagru, Uvigerinammina jankoi Majz., Haplophragmoides 
herbichi Neagu, Gaudryina laevigata Franke, Spiroplectammina praelonga (Reuss) as 
well as other persistent forms.

The Middle Turonian is represented by an association with Ammodiscus 
cretaceous (Reuss), Kalamopsis grzybowskii Dylaz., Hormosina ovulum ovulum (Grzyb.),
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Bimonilina minima Neagu, Tiialmannammina mcandertornata Neagu et Toc., Aragónia 
velascoensis Cushm., Schcrochorclla minuta Tapp., and the index species A. 
problematicus and U. jankoi, the latter being very frequent.

In the upper third of the Varastina outcrop (Fig. 3, Scale IV) there occur also 
the following species: Pseudobolivina parvissima Neagu, Hedbergella simplex (Morr.), 
Dorothia crassa (Marss.), in places very frequent, and Dentalina linearis Reuss. The 
absence of Ammobaculites problematicus might indicate the transition from the 
Middle to the Upper Turonian. At this level the Piatra Rosie sequence is crossed 
by the first hard Callovian-Oxfordian terms of Scale V.

В2b- Couches Rouges outcrops. All the other Couches Rouges outcrops in the 
region represent the upper part of the formation.

In most cases they are overlain first by Upper Paleocene silts or green sandy 
and micaceous marls with cherry spots, and then by the Eocene grey-green Tocila 
flysch.

In this case the first microforaminifer associations belong to the Lower 
Campanian. They have been found on the Vàràçtina brook at the base of Scale II 
(Fig. 4) and contain the planktonic association of the Globotruncanita elevata zone 
with: G. elevata (Brotz.), Globotruncana lapparenti Brotz., G. linneiana (d'Orb.), 
Contusotruncana fornicata (Plumm.), and Marginotruncana sinuosa Port. The 
arenaceous benthonic taxa originate from the Goesella rugósa zone with G. rugósa 
(Hanzl.), Haplophragmoides waltcri (Grzyb.), H. eggeri Cushm., Spiroplectammina 
spectabilis (Grzyb.) and Hormosina ovulum gigantea Ger. Among the calcareous 
benthonics Gyroidina beisseli White, Eponides biconvexa Mar., E. megastoma (Grzyb.) 
and Pyramidina minima (Brotz.) abound. In addition the assemblage frequently 
contains reworked species from the Lower Senonian.

The Upper Campanian is present at the base of Scale III in the Poienii valley 
(Fig. 5), where the red beds provided the association of the Globotruncana rugósa 
zone with G. rugósa (Mar), G. arca Cushm., G. morozovae Vass., Contusotruncana 
scutilla (Gand.), Globotruncanita stuartiformis (Dalb.) and G. elevata (Brotz.). 
Benthonics are represented expecially by Hormosina ovulum gigantea Ger.

Most of the Couches Rouges outcrops round Poiana Botizii village, as well as 
throughout the Romanian Maramureç region, representing the Maastrichtian and 
the Lower Paleocene.

At the Cisme brook and in Scale III in the Poienii valley (Fig. 5), the Maastrichtian 
base provided the Globotruncana falsostuarti zone with G. falsostuarti Sig., G. area 
(Cushm.), G. orientalis El Nag., G. morozovae Vass., Globotruncanita elevata (Brotz.) 
and G. stuartiformis (Dalb.). Some of the most important benthonics at this level 
are Globorotalites michelianus (d'Orb.), Gavelinella laevigata (Mar.), Nutallinellaflorealis 
(White), Eponides bollii Cushm. et Renz, Anomalinoides welleri (Plumm.) along with 
some other persistent species such as Gyroidinoides beisseli White, Eponides 
megastoma (Grzyb.) and E. biconvexa Mar.

An age of upper part of the Lower Maastrichtian may be supported in the La 
Piatra outcrop (Fig. 2) by an association representing the Gansserina gansseri zone
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with the planktonic forms Contusotruncana contusa (Cushm.), Globotruncana 
orientalis El Nag., and G. area (Cushm.). Besides some other persistent species, the 
following benthonic forms should be mentioned: Matanzia varians (Glaessn.), 
Nuttallinella florealis (White) and Spiroplectammina spectabilis (Grzyb.).

The Upper Maastrichtian is represented by two benthonic associations. The 
lower association is marked by the presence of the forms Alabamina solndesensis 
Brotz., Paralabamina toulmini (Brotz.), Pyramidina crassa Brotz., Gavelinella caucasica 
(Мог), Cibicides mariae (Jon.) and Stensioeina pommerana Brotz. It also comprises 
Karreriella coniformis (Grzyb.), Tritaxia capitosa (Cushm.), T. subparisiensis (Grzyb.), 
Gaudryina laevigata Franke, G. cretacea (Karr.), Gavelinella clementiana (d'Orb.), 
Gyroidinoides beisseli White, etc.

The upper association of the Upper Maastrichtian contains some new elements, 
such as Haplophragmoides suborbiculans (Grzyb.), Gyroidinoides vortex (White), 
Karreria falax Rzeh., Recurvoides gerochi Hanzl., Allomorphina halli Jenn. 
Globotruncana area (Cushm.), Gyroidinoides beisseli White, Nuttallides truempyi 
(Nutt.) and Matanzia varians (Glaessn.) occur, most frequently, associated with most 
of the former species.

Although this is not indicated by the title of the paper, the sedimentation of 
the red marls also continued throughout the Early Paleocene (The Varastina and 
Cisme brooks, and the scales in the Poienii valley). The Danian is marked by the 
appearance of the species Gavelinella caucasica (Mor), Cibicides cuvillieri Rouv., C. 
carinatus (Terq.), C. propius (Brotz.), Sphaerammina gerochi Hanzl., and Recurvoides 
nucleolus (Grzyb.); or by an association with Gaevlinella cayeuxi (Lapp.), G. pertusa 
(Marss.), Gyroidinoides turgida (Hag.) and by two successive occurrences, namely 
Coleites reticulosus (Plumm.), and Gaevlinella ex gr. umbilicata Brotz.

The following Danian levels contain the arenaceous species Glomospira 
diffundens Cushm. et Renz, Rzehakina fissistomata (Grzyb.) and R. complanata Grzyb., 
as well as Hormosina ovulum gigantea Ger., and Dorothia crassa (Marss.), persisting 
from the G. difundens zone.

At the Cisme brook and in the scales on the Poienii valley (Fig. 5), the red silts 
also contain a few rare representatives of Danian plankton such as Subbotina 
triloculinoides (Plumm.) and Morozovella inconstans (Subb.).

The arenaceous association furnished by the last levels of the Lower Paleocene 
also seems to represent the lower part of the Glomospira diffundens zone with 
G. diffundens Cushm. et Renz, Rzehakina fissistomata (Grzyb.) and Hormosina ovulum 
gigantea Ger. Among the calcareous benthonic forms, one should mention 
Osangularia lens (Brotz.), Allomorphina halli Jenn., Karreria fallax Rzeh., and 
Anomalinoides welleri (Plumm.). The Lower Paleocene also includes, in all the scales, 
reworked microtests of Upper Senonian age.

In the Botiza valley, 2.5 km south of Botiza village (Fig. 2), there are some good 
outcrops of red marls with preserved nannoplankton content. The last levels of 
the formation furnished an association from the Upper Campanian-Lower 
Maastrichtian, with Watznaueria barnesae (Black), Aspidolithus parcus (Stradn.), 
Broinsonia enormis (Shum.), Reinhardtites antophorus (Def.), Micula staurophora

2 3 0  G. Bombifä et al.

Acta Geologica Hungarica



Pieniny-type Mesozoic fonnál ions 131

(Gard.), Prediscosphaera cretacea (Arkh.), Ceratolithoidcs aculeus (Stradn.), 
Cribrosphaerella ehretibergii (Arkh.), Quadrum trifidum (Stradn.), Q. gothicum (Def.). 
The contact of the red marls with the Eocene Tocila flysch is not exposed here.

In two other cases, it was not clear whether local substitutions of the 
brick-coloured marls, or simple resedimentations of the Campanian- 
Maastrichtian nannoplankton at the base of a Tocila-Petrova type flysch, had 
occurred, namely: (1) in the lower section of the Cisme brook (Fig. 2), the left bank 
of the valley, along the new mining road, in the red-violaceous or greenish-grey 
compressed, folded and crushed silty marls, affected by hydrothermal solutions; 
(2) in the area of the lower section of the Iza river, by the hamlet of Stejaru (Fig.
1), in lower levels of a turbiditic sequence of "hieroglyph beds" type.

Under the small bridge at the northern margin of Poiana Botizii village (Puntea 
din Sus), and a few metres upstream along the Poienii valley, two small and 
crushed bodies of pelitic rocks crop out from under alluvia and garbage, which 
have no relation with the neighbouring outcrops (Fig. 3 -  the closest of these last 
outcrops exposes tuffites and tuffaceous sandstones with interbedded lenticular 
cherts).

One of the above-mentioned crushed bodies represents silty marls of 
greyish-light green colour, exhibiting a vague lamination and breaking in chips; 
the other one consists of rather hard, dark-greyish-black marls, which are 
relatively brittle in dry state and form elongated fragments showing mat surfaces. 
The microforaminifer assemblage is Cenomanian in age, being represented in the 
former case by Tritaxia gaultim carinata Neagu, T. amorpha (Cushm.), Dorothia 
oxycona (Reuss), D. conulus (Reuss), D. pupa (Reuss), Spiroplectammina roemeri Lai., 
Ellipsoidella bulbosa (Ten D.), Heterolepa polygraphus (Reuss) and Gyroidinoides 
mauretanicus (Carb.); in the second case, by Ammodiscus siliceus (Terq.), Hippocrepina 
depressa Vas., Haplophragmoides bulloides (Beiss.), Trochammina umiatensis (Tapp.), 
Lenticulina pachinota (Reuss), Astacolus crepidulus Ficht, et Moll, Dentalina 
cylindroides Reuss, Gyroidinoides nitidus (Reuss) and Gavelinella schloembachi (Reuss).

The microflora is marked by the prevalence of continental representatives. 
Dinoflagellates are rare but significant. In addition, the species Clcistosphaeridium 
ancoriferum (Cooks, et Eis.) and Ascodinium ovatum Prösl are also present. The 
occurrence of the latter was recorded in the Middle-Upper Cenomanian and the 
Lower Turonian of Romania (at Tohan-Bra^ov, Laicai-Dâmbovi(a and the 
boreholes from the Moesian Platform).

The above-mentioned tuffites and tuffaceous sandstones are very rich in 
radiolaria. The most important foraminifers are Marsonella oxycona (Reuss), 
Osangularia cretacea Carb., Gyroidinoides nitidus (Reuss) and Thalmannatnina sp., 
probably also from the Cenomanian.

In the Drumul de Coastä sequence (left bank of the Várásjina brook -  Fig. 3) a 
marl packet with a green tinge crops out, tectonically interposed within the 
Aptychus beds. The lower Cenomanian age is attested by an association in which 
Hedbergella delrioensis (Cars.) and H. amabilis Loeb. et Tapp, abound, by the rare
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presence of Pseudobolivina variábilis Vas., and the absence of Ammobaculites 
problematicus Neagu.

According to their litho- and biofacial characters, these few outcrops at Puntea 
din Sus and at the Väräßtina brook (Drumul de Coasta) seem to represent members 
of the Piatra Roßie Formation.

There are no difficulties concerning the equivalence or synchronism for the 
Late Cretaceous brick-red marls from Maramureß. Together with Andrusov and 
Samuel (1973), we agree with the opinion according to which Stur's "Puchov" 
marls, of Cenomanian-Paleocene age, are identical with the Couches Rouges from 
the Alps.

Finally, one should also mention that the Cenomanian in Őrlővé facies, with 
Exogyra columba (the facies type in the Slovakian Carpathian), is also present on 
the eastern border of the Maramureß depression, as a heteropic, marginal and 
transgressive substitute of the lower Piatra Roßie Beds (Bombitä 1972).

1 3 2  G. Bombitä et al.

B3- Ungureni Formation

Marls with concretions, calcarenites with Orbitoids and conglomerates (Middle 
Senonian-Lower Eocene)

One of the authors separated as "Orbitoid Beds" the basal stratigraphical unit 
of the Lapus Nappe-Scale. It is a new formation of marginal facies, 
Campanian-Maastrichtian in age (Bombitä 1966, 1972). These beds, herein named 
the Ungureni Beds, represent a littoral corespondent of the upper Piatra Roßie 
Beds from the central basin, and are considered isopic with the Jarmuta sequence 
from the Polish Carpathians.

In the Läpuß Mts the formations crops out in the western sector of the Läpuß 
Nappe in an area delimited by the Libotinel valley to the west (north of Ungureni 
village) and by the Roaia valley to the east (south of Poiana Botizii village) (Fig. 2).

Reconstructing the initial stratigraphic succession of the above region, the 
Orbitoid beds were succeeded by: (1) conglomerates with large nummulites; (2) 
detrital limestones with small nummulites and algae (Middle Eocene): (3) a gritty 
fluxo-turbidite sequence (Upper Eocene-Oligocene).

East of the Roaia valley, this Palaeogene group, making up the Läpuß Nappe, 
changes both the lithofacies and the tectofacies (Bombitä 1972; Sändulescu and 
Russo-Sändulescu 1981), in the sense that the marginal character of the group 
becomes basinal detrital-turbiditic. These very marginal-littoral, calcareous, 
nummulitic and relatively competent units, along with the subjacent Orbitoid 
calcarenites, underwent an extreme Neoalpine crushing. Through this process, 
they became a chaotic sedimentary mass named "wildflysch", which is assigned 
to the Priabonian or Priabonian-Oligocene by Dumitrescu (1957, "Wildflysch 
Nappe") and Sändulescu (in Sändulescu and Russo-Sändulescu 1981,; in 
Sändulescu et al. 1981; in Borcoß et al. 1981; in Sändulescu and Bratu 1984).

The Palaeogene "wildflysch" from Maramureß (in Patrulius and Popescu 1960; 
Patrulius et al. 1960; Dicea et al. 1980; Dumitrescu 1. c.; Sändulescu 1. c.) will be
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dealt with in a future paper. The present article redescribes the Ungureni "Orbitoid 
Beds" in order to donfirm their existence, and the in situ character of their 
micropalaeontological content.

The areas with outcrops of the formation (Fig. 2) are situated north of the 
homonym village on the Izvorul Ráu and Izvorul Mare brooks, and in the upper 
sector of the Frasini valley; on either bank of the Lapus river, downstream the 
confluence with the Iezuina and Bloaja Strâmbului brooks; on the Matei and 
Lungâ valleys, a little south of Strâmbu village; on the Poienii valley, in the zone 
of confluence with the Fânarul and Coro^tina brooks; finally, in the Ulmul valley, 
tributary of the Roaia river, west of the Minghet hill.

We suppose that the outcrops pointed out by Antonescu et al. (1975 p. 10) on 
the Fundául brook, in the upper basin of the Baicului valley (northern slope of 
the Tible Mts), also at the base of the Lápuj Nappe, is the easternmost exposure 
of the Ungureni Formation.

The Ungureni Beds consist mostly of dark-grey-blackish marls, with vague 
lamination, usually silty, in places sandy, soft and brittle. Subordinately, there are 
interbeds of fine, micaceous, hardened clay shales, in places with stress surface. 
Very rare green or ochre-coloured yellowish-brown, schistous-foliaceous 
intercalations are also found. In some zones pelites exude whitish salts.

In the Matei valley and on the Izvorul Räu brook, the marls contain 
characteristic concretions, represented by ovoidal bodies of dense, ultracompact 
and hard silt. Under the microscope, there appear siderosis-mosaic-bearing quartz 
grains and small disseminated muscovite spangles (according to Baltres). 
Pelosiderites are enveloped in an alteration limonitic crust.

The marls also locally contain small pyrite moruloid concretions, and vegetal 
fragments in the zones where pelites, when broken, emanate a weak, bituminous- 
suphurous smell of anoxic medium.

The characteristic component of the Ungureni Formation -  although 
quantitatively subordinated -  is represented by coarser or less coarse calcarenites, 
contaminated by angular terrigene grains -  prevailingly mono- and 
polycrystalline quartz -  and by various bioclasts. Through differentiated erosion, 
the rock surface becomes rugose. The white bioclasts -  fragments of red algae, 
bryozoa, corals, benthonic foraminifers, rudists and bivalves, -  disseminated over 
the sometimes limonitized surface of the rocks, lend them a very peculiar aspect.

The thickness of the calcarenite beds varies between 15-80 cm. It is difficult to 
establish the thickness of the whole formation, because of dislocations and 
imbrications, but it seems to be of 50-70, possibly 100 m.

Some beds of calcarenites show slight grading, or are altogether graded 
(calcarenites -* thick-bedded sandstones -» shales). At least locally, they seem to 
represent simple discontinuous intercalations within marls. Bioglyphs and 
mecanoglyphs are noted on the lower surfaces.

The fresh rock is grey-bluish and hard. The exposed surfaces are marked by 
characteristic troughs, hollows and erosion bags. The beds are often crossed by 
fissures filled with calcite. Towards their upper part, the calcarenites become
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fine-gritty or marly-gritty, imitating the micaceous and curvicortical lamellar 
varves. Algal thallus molds and worm traces -  bioturbation forms -  are visible on 
the upper surfaces of the beds.

West of the Lápu^ river, on the brooks north of Ungureni village (especially on 
the Izvorul Räu brook), in the vicinity of, and along the overthrust and dislocations 
lines of the Upu^ Nappe, sometimes large-sized blocks (100-200 m3 prevailingly 
biogene limestones) crop out.

On the brooks north of Ungureni village, there are also some indications 
concerning the existence, at the base of the Ungureni beds, of a basal, not thick, 
medium hard and dark-grey coloured micro-conglomerates. The metamorphic 
elements are predominant. These conglomerates would appear as an Upper 
Neocretaceous unit, transgressive-ingressive on the northern border of the Inner 
Dacides. It is, however, rather difficult to distinguish the Senonian conglomerates 
from the Middle Eocene one; the latter usually consist of small rounded elements 
and bearing characteristic large foraminifers. In this, the Ungureni Formations 
clearly distinguishes itself from the overlying beds of the Lâpuÿ Nappe-Scale.

Four paleontological groups have been studied in order to establish the age of 
the Ungureni Beds.

Orbitoids. The first argument in favour of the Campanian-Maastrichtian age of 
the Ungureni Beds was furnished by the orbitoid association, the richest of those 
described so far in Romania (Bombifä 1966, 1972). Antonescu et al. (1975), Dicea 
et al. (1980) and Sändulescu in Sándulescu and Russo-Sándulescu 1981; in 
Sándulescu and Bratu 1984) ignored, or probably regarded this fauna as reworked 
during the Upper Eocene-Oligocene.

In the area situated between the Conicul brook to the west (north of Ungereni 
village) and the Ulmul brook to the east (south of Poiana Botizii village), the 
calcarenite beds contain, in their coarse base, large foraminifers belonging to three 
families: Orbitoididae -  Orbitoides media (d'Arch.), the most frequent species, and 
Omphalocyclus macroporus (Lam.); Lepidorbitoididae -  Lepidorbitoides socialis 
(Leym.), L. minor (Schlumb.) and Clypeorbis mamillata (Schlumb.); Calcarinidae -  
Siderolites calcitrapoides Lam.

The best collecting site lies to the north of Ungureni village, on the Izvorul 
Mare brook, in a soft, brittle, marly detritus, at the confluence of the Râpile ravine 
with the Fundu Izvorului valley (Fig. 2).

Nannoplankton. On the Fânarul brook, 2 km downstream of Poiana Botizii village, 
as well as on the Iezuina brook (Strâmbu village) (Fig. 2), the formation contains 
Upper Campanian species, such as Ceratolithoides aculeus (Stradn.), Quadrum 
gothicum (Def.), Q. trifidum (Stradn.), Prediscosphaera cretacea (Arkh.), Cribrosphaerella 
ehrenbergii (Arkh.), Micula staurophora (Gard.), Microrhabdulus decoratus Def., 
Chiastozygus litterarius (Gorka), Arkhangelskiella cymbiformis Veks., Eiffellithus 
turriseiffeli (Def.), E. eximius (Stov.), Aspidolithus parcus (Stradn.) and Reinhardtites 
antophorus (Def.).
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On the Izvorul Ráu brook, west of Ungureni Village, on the western bank of 
the Strâmbu valley, in Strambu village, and also on the Matei valley, 1 km south 
of Strâmbu village, the Upper Campanian and the Lower Maastrichtian are 
represented by Micula staurophora (Gard.), Arkhangelskiella cymbiformis Veks., 
Prediscosphaera cretacea (Arkh.), Ceratolithoides aculeus (Stradn.), Microrhabdulus 
decoratus Def., Chiastozygus litterarius (Gorka), Cribrosphaerella ehrenbergii (Arkh.), 
Eiffellithus turriseiffeli (Def.), Reinhardtites antophorus (Def.), Aspidolithus parcus 
(Stradn.), Broinsonia enormis (Schum.), Parhabdolithus reguláris (Gorka), Manivitella 
pemmatoidea (Def.), Quadrum trifidum (Stradn.), Q. gothicum (Def.), Ceratolithoides 
aculeus (Stradn.) and Watznaueria barnesae (Black).

The Middle-Upper Maastrichtian was identified at the confluence of the Ulmul 
valley with the Roaia brook in a scale in the front of the Làpuç Nappe. It contains 
Prediscosphaera cretacea (Arkh.), Arkhangelskiella cymbiformis Veks., Chiastozygus 
litterarius (Gorka), Micula staurophora (Gard.), Lithraphidites cjuadratus Braml. et 
Mart., Cribrosphaerella ehrenbergii (Arkh.), Ceratolithoides aculeus (Stradn.), Manivitella 
pemmatoidea (Def.) and Markalius inversus (Def.).

In the middle scale on the same brook, the formation furnished an association 
from the Lower Paleocene, comprising Markalius inversus (Def.), Biantholithus 
sparsus Braml et Mart., Zygodiscus sygmoides Braml. et Suli., Cruciplacolithus tenuis 
(Stradn.) and Ericsonia subpertusa Hay et Mohi.

In an upper scale on the upper course of the Ulmul brook, a sequence with an 
unconformity between the Ungureni Beds and the Eocene conglomerates with 
large nummulites (N. ex gr. perforatus) seems likely to exist. The first beds of this 
sequence contain representatives of the Late Paleocene-Early Eocene (NP 9-10 
zones): Ellipsolithus macellus (Braml. et Suli.), Discoaster mulliradiatus Braml. et Ried., 
D. diastypus Braml. et Suli., D. mohleri Bük. et Perc., D. mediosus Braml. et Suli., 
Toweius callosus Perch-N., T. tovae Perch-N. and Fasciculitlius tympaniformis Hay et 
Mohi.

Palynology. The palynofacies of the Ungureni Formation is monotonous, though 
rather poor in genera and number of specimens. Continental microflora 
predominates, and the pollen of the group Normapolles Pflug 1953 prevails over 
the spores. Dinoflagellates are present in a small number, the genus Isabelidinium 
being more frequent in the Bádogul valley, north of Ungureni village, with species 
which do not extend beyond the Upper Cretaceous: 1. cf. belfastense (Cooks, et Eis.),
I. cf. cooksoniae (Alb.).

In the Iezuina valley, in Strâmbu village, the dinoflagellate species Ceratopsis 
dibeli (Alb.) indicates the Upper Campanian-Paleocene interval (the acmé zone 
corresponds to the Maastrichtian). The distribution of the very rare species 
Alisocysta circumtabulata (Drugg) is restricted to NP1-NP9. The pollen from the 
group Normapolles contains species characteristic of the Upper Senonian- 
Paleocene interval: Oculopollis orbicularis Gócz., О. minoris Krutzsch,
Pseudoplicapollis peneserta (Pflug) and Semioculopollis praedicatus (Weyl. et Krg.). The
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species Tripunctisporites maastrichtiensis Weyl. et Krg., also collected from this site, 
indicates Maastrichtian and Paleocene age.

On the Fânarul brook, only pollen from the Normapolles group is to be found, 
with Senonian species (e.g. Interporopollenites cf. 1. heteropolatus Kedv. et Heg.) or 
Upper Senonian-Paleocene representatives [e.g. Pseudoplicapollis cf. pseudosporites 
(Pflug) and Semioculopollis praedicatus (Weyl. et Krg.)].

The Cladopyxidium dinoflagellate genus, encountered on the Izvorul Rau brook 
(Ungureni village), has a range restricted to the Maastrichtian-Paleocene.

Palynological data indicate, therefore, an Upper Campanian-Maastrichtian- 
Palocene age for the Ungureni Beds.

Microforaminifers. The microforaminifer assemblages of the Ungureni Beds are 
to be found predominantly in the marly-clayey-silty component, and are mainly 
benthonic and poorly preserved. The outcrops in the Fânarul brook, which have 
been often sampled, provided a few Upper Santonian-basal Lower Eocene 
representatives.

The basal levels of the formation, containing Spiroplectammina dentata (Alth), 
Reussella szajnochae (Grzyb.) and Globotruncana indet., may represent the Santonian, 
Campanian and Lower Maastrichtian. The Campanian-?Maastrichtian interval 
comprises the association with Gavelindla beccariiformis (White), G. zuhitei (Mart.), 
Spiroplectammina cf. navarroana Cushm., Dorothia crassa (Marss.), Bolivina incrassata 
gigantea Wich., Goesella rugósa (Hanzl.) and Globotruncana area (Cushm.).

The Upper Maastrichtian contains the index species Abathomphalus mayaroensis 
(Bolli), associated with Pseudotextularia varians (Rzeh.) and Spiroplectammina 
navarroana Cushm.

The Dano-Montian is represented by a population with Glomospira diffundens 
(Cushm. et Renz) and Dorothia crassa (Marss.).

In the Fânarul brook, the Upper Paleocene-Lower Eocene transition is 
illustrated by the associations with Spiroplectammina navarroana Cushm., Plectina 
cf. coniformis (Grzyb.), Globigerina indet., Globorutalia subbotinae Mon, and Nodellum 
velascoense (Cushm.).

In some other outcrops of the region, the formation also contains microfaunas 
characteristic of the Middle and Upper Senonian, Paleocene and Lower Eocene. 
Thus, north of Piatra Pintii hill, in a few outcrops, the (Middle?) Senonian is 
represented by Hormosina ovulum gigantea Ger., and H. ovulum ovulum Grzsb. In 
the Matei valley, the Upper Senonian contains Sphaerammina subgaleata (Vas.), 
Reusella szajnochae (Grzyb.), Goesella rugósa (Hanzl.), Nuttallinella florealis (White), 
Eponides subcandidulus (Grzyb.) and Dorothia crassa (Marss.). In the Ulmul valley, 
tributary of the Rosia valley, the Upper Senonian (probably Upper Maastrichtian) 
is represented by Racemiguembelina d.fructicosa (Egg.), Globotruncana area (Cushm.), 
Gevelinella beccarriformis (White) and Matanzia varians (Glaessn.). In an upper scale 
in the same valley, a poorly-preserved planktonic association at the Paleocene- 
Lower Eocene boundary contains Globorotalia subbotinae Mon, G. aequa Cushm. et 
Renz, Globigerina linaperta Fini., and G. velascoensis Cushm.
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A population at the Cretaceous-Paleocene boundary with Matanzia varions 
(Glaessn.), Aragónia ouzancnsis (Rey) and Gavelinella beccariifôrmis (White), was also 
identified at the confluence of the Valea Lungä brook with the Lápu$ river.

Finally, north of Ungureni village, in the Izvorul Mare valley, where the 
Ungureni Beds reach their maximum thickness, in greenish marls bearing poorly 
preserved plankton from the last levels of the formation, the Lower Eocene 
contains Globorotalia aragonensis Nutt., Glr. Icnsiformis Subb., Glr. formosa Bolli, Glr. 
pseudotopilensis (Subb.), Glr. wilcoxensis (Cushm. et Pot.), Globigerina inaecjuispira 
Subb., Gig. cf. incisa Hill., and Gig. linaperla Fini.

The presence of the Lower Eocene in the top of the Ungureni Formation is 
unexpected, proving the ingressive and possibly diachronic character of the 
formation on the borders of the depression. The Ungureni Beds thus become 
xynchronous with two formations from the Grajcarek Unit in the Polish 
Carpathians, namely the Jarmuta Beds (basal Maastrichtian-basal Middle 
Paleocene), and the Szczawnica Beds (Middle-Upper Paleocene-Lower Eocene, 
Birkenmajer et al. 1987; Birkenmajer and Dudziak 1988, Fig. 6).

All the above data suggest that the Ungureni Formation does not have the 
heterogeneous character typical of the wildflysch. The cycle of this marginal 
formation consists of: (1) thin transgression conglomerates with metamorphic- 
Mesozoic elements cropping out, accidentally, near and along the inverse 
overthrust faults; (2) calcarenites and sandstones (subordinate component), which 
include biodetritus and Orbitoids; (3) silty marls (principal component), with in 
situ micropaleontological content. No allochthonous blocks, irrespective of their 
size, with the role of olistoliths included in pelites, have been noticed. The 
conglomerates and nummulitic limestones, also cropping out in the vicinity of the 
fracture lines, do not present a normal relationship with the Ungureni Beds.

The Senonian, Paleocene and Eocene micropaleontological assemblages, taken 
separately are devoid of reworked elements. The coarse Senonian calcarenites on 
one hand, and the Middle Eocene on the other, contain exclusively a characteristic 
association of large foraminifers.

The geologically chaotic ensemble at Ungureni village is not a sedimentary 
product, but the effect of some mechanical process. It is therefore a tectonic 
mixture. During the Lower-Middle Miocene, the Senonian-Paleocene-Eocene 
crust was detached from its metamorphic-Mesozoic substratum and intensely 
fractured and imbricated. This could be explained by the high position of the 
basement in this region (Dumitrescu 1957; Bombifá 1972), correlated with the 
overpushing caused by the southward gravitational slipping of the Botiza Nappe 
ductile flysch.

B4. Elements of an Upohlav Type Formation in N orthern Transylvania

On the northern margin of the Transylvania Basin, in the vicinity of the village 
of Vima Mare lower conglomerates of a molassoid and transgressive sequence 
crop out, named the Ciceu-Giurgepti Beds of Lower Badenian age (with 
Globigerinoides sicanus De Stef., and Candorbulina universa Jodi.) (Popescu 1975).
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These conglomerates also contain fragments of the radiolitide Durania (Bombita 
1972) almost certainly originating in biostrome subreef limestones interbedded in 
Upohlav Late Cretaceous sequences (Coniacian-Santonian or Santonian- 
Campanian), with the faciotype in the Slovakian Carpathians.

The paleogeographic area of this ghost formation may have extended as far as 
Northern Transylvania and the marginal Maramureÿ, whence it was completely 
removed by the strong, Middle Miocene transgression.

Final Remarks and Conclusions

The sedimentary rocks cropping out at Poiana Botizii belong to two different 
bodies with a few intermediate units.

The lower body is marked by the prevalence of hard, carbonate rocks, among 
which can be found genuine pelagites of slow genesis, and by bioprocesses, the 
climax of which is located on the Jurassic-Cretaceous boundary (Bombitá and Pop 
1991).

The oceanic character of this sequence of western Alpine type is obvious. It is 
due to the presence of some characteristic facies of the Occidental Tethys (Hsü 
1975): radiolarites, Aptychus shales, Ammonitico Rosso and Maiolica-Biancone.

The calcareous pelagic sedimentation began in the Middle-Late Jurassic 
(-165-166 Ma), and was contemporary with the reworking of an ophiolitic 
basement, a subduction mélange-volume. Even in this situation [volcanic rock 
fragments redeposited in the Petricea Formation (Oxfordian calcarenites), after the 
supposed Mesozoic and Tertiary shortings of the earth crust], the ophiolites at 
Poiana Botizii mark one of the northern sutures of the western Tethys.

Indications of the passage to terrigenous sedimentation appear in the second 
half of the Neocomian. Except for the sedimentation break during the Upper 
Aptian and Albian (-19-20 Ma), this intermediate sediment type, partly biogenic 
and partly detrital, was steadily deposited throughout the Cretaceous System. The 
three Cretaceous formations dealt with in the present paper, namely the Scaglia 
Cinerea type marls (Poiana Botizii Formation), Couches Rouges (Piatra Rosie 
Formation) and the Ungureni Formation (?synonymous with the Jarmuta Beds), 
are the product of this interval of sedimentary substitution-terrigene versus 
biogene. They might be assimilated to the categories of "subflysch" sensu 
Birkenmajer (1977) or "praeflysch" sensu Marshalko (1986).

During the Early Tertiary, the Maramure^ Basin became a proper terrigenous 
receptacle, and the sedimentation processes began to show a prevailingly 
turbiditic character. The climax of the flysch genesis is recorded during the Eocene. 
It represents the second distinct sedimentary body, the upper body, and will be 
described in a future paper. The terrigenous active and polluting flux, 
progressively predominating quantitatively, points to an important compressive 
phase. This is the effect of the closing processes of the Neotethys and genesis of 
the Alpine chains (Aubouin 1980).
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In a recent paper (Bombifá and Pop 1991), we supported Birkenmajer's view 
(1985,1986), according to which the outcrops at Poiana Botizii expose the Mesozoic 
Pieniny basement of the Magúra flysches. At the same time, we put forward the 
hypothesis that, within the large Magúra Unit, these outcrops belong to a new 
facial-tectonic unit, the Poiana Botizii Unit, showing peculiar stratigraphic features 
and being in an external position with respect to the Grajcarek Unit.

In order to better illustrate this idea, we present (Fig. 6) a comparison between 
the Mesozoic sequence of the Grajcarek Unit (sequence of the Inner Magúra 
Nappe included in the Pieniny Belt by the retro-arc Laramian foldings, in 
Birkenmajer 1985, p. 105) and the Mesozoic sequence of the Poiana Botizii Unit 
(succession of the Outer Magúra, in Bombifä and Pop 1991).

This comparison clearly shows, on the one hand, that there are some important 
differences between the lithostratigraphic contents of the two units and, on the 
other hand, that the differences in age assignes to the formations by the authors 
(Dumitrescu 1957; Bombifá 1972; Dicea et al. 1980; Sândulescu et al. 1982; Bombifä 
and Savu 1986; Bombitä and Pop, 1991) are not negligible. The above-mentioned 
opinion must be confirmed by the results of the future study of the Tertiary cover 
of the klippen (the Magúra flysches).

A few possible phases in the evolution of the Magúra Paleotrough, in its 
Maramures sector, can be distinguished as follows: a distensional phase with 
ophiolite emissions (extension within the general spreading from the Alpine 
Domain) during the Late Liassic-Early Dogger; the beginning of Pieniny-type 
sedimentation in a possible compressional stage, marked by the ophiolite 
subduction and island-arc volcanism during the Late Dogger; a period of erosion 
of the obducted ophiolite mélange and its redeposition, together with the Pieniny 
type sediments (the Petricea Formation), during the Early Malm.

During the Late Jurassic and Eocretaceous (an interval of approximately 50 Ma), 
sedimentation continued, first with a biogene, later with a quasi-detrital character; 
it preceded a second, subsequent compressional stage, a Meso-Alpine tectonic 
mobilization (the Austrian tectogenesis), marked by an erosion unconformity 
between the Lower Aptian and the base of the Cenomanian.

As regards the two hiati corresponding to the Middle-Upper Cenomanian- 
Lower Turonian and Coniacian-Santonian intervals, they are most likely due to 
several causes, such as primary lack of deposits, reduced time span of the last 
three stages (Kent and Gradstein 1985), stratigraphic condensation, dissolution of 
microtests, submersed erosion with reworking and redeposition or, most likely, 
local tectonic reductions.

In the central part of the Maramure$ depression, there was a continuous 
sedimentary succession and gradual passage from the Cretaceous red-brick silts 
to the Palaeogene flysch. On the eastern and southern borders, consisting mainly 
of metamorphic complexes, both the Late Cretaceous and the Eocene quasi
biogene sequences are ingressive-transgressive.

Finally, a problem which awaits a solution remains the (?direct) connection 
between the two Palaeogene flysch basins Szolnok and Maramure§, also supposed
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by one of us (Bombifâ 1972). After the attachment of the Maramure§ area to the 
external sector of the Magúra Super Unit, the debate on this relation somehow 
becomes more complicated.

Nevertheless, including the Szolnok trench to the Carpathian system of trenches 
seems to us to be natural. In a next article we will suggest a hypothesis on the 
problem, also based on detailed information concerning its Mesozoic substratum.
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Paleogeographic outlines of the Pannonian s.l. of 
the southern Danube-Tisza Interfluve
Margit Korpás-Hódi György Pogácsás, Ernő Simon
Hungarian Geological Survey, Budapest Geophysical Exploration Company, Budapest

Based on seismostratigraphic and paleontological investigations, the paleogeography of the southern 
Danube-Tisza Interfluve during the Pannonian was reconstructed, based on six seismic time-sections.

It is stated that, in the area in question, sedimentation during the Pannonian proceeded in prograding 
delta facies. The delta system prograded from N-NW to S-SE. The progradation of the individual delta 
facies required about 1.5 Ma from the northwestern corner of the area up to the southeastern part 
(Figs 8-13).

The mollusc assemblages are in close correlation with the delta facies; the faunal assemblages 
migrated together with the progradation of the delta system (Fig 3). The role of Pannonian mollusc 
fauna as index fossils requires further study. The so-called Lower Pannonian fauna is related to the 
brackish basin and to the prodelta and delta slope facies, while the typical Upper Pannonian fauna 
corresponds to the delta plain, and the transitional fauna (Széles 1968) to the delta front and delta 
slope facies (Figs 3, 4; Table 4).

The facies changes defined on the basis of Paleoecological analysis of the mollusc fauna (regressive 
facies changes: 8.0-7.5 : 6.9-Ó.6: 5.9-5.4 Ma, Table 5) support the statement of Pogácsás et al. (1989, 
1990), namely that contemporaneously with the global eustatic sea level changes, water level changes 
also occurred within the Pannonian Basin.

Based on the calculations of rate of sediment accumulation considerably increased sediment input 
and accumulation (703 m/Ma) are assumed between 6.8 and 6.4 Ma (Tables 1, 2, and 3).

Key words: Paleogeography, Pannonian, seismostratigraphy, molluscs, Danube-Tisza Interfluve

Introduction

The time horizons and seismic facies defined on the basis of seismic atributes 
identified on the basis of seismic network in the Danube-Tisza Interfluve are 
compared with the paleontological data of boreholes providing appreciable faunal 
assemblages.

The composite seismic-chronostratigraphic key sections connecting the 
Kaskantyu-2 and Kiskunhalas-Ny-3, and the Kaskantyu-2 and Vésztô-1 
magnetostrati graphic boreholes (Pogácsás et al. 1989) provided the age data (Figs 1, 
2) .

The seismic facies data of the region were determined on the basis of the regional 
composite seismic sections of the Geophysical Exploration Company (GKV).

Malacological data derive from the determinations of M. Széles (borehole 
reports; MAFI collection of data), except for the boreholes Kaskantyu-1,
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Jánoshalma-1 and Bácsalmás-1, which were drilled by cotinuous coring. 
Paleontological data suitable to analyze the facies changes are restricted, since, 
with the exception of those mentioned above, all the boreholes were incompletely 
cored.

Seismic survey carried out in the southern Danube-Tisza Interfluve permitted 
connecting the boreholes and borehole-groups with macrofaunal information 
(MÁFI) to the afore-mentioned chrono- and facies "key sections" with the aid of 
the seismic network. The resolution of seismic lines recorded in different periods, 
is variable. The vertical resolution of the seismic profile differs by an order of 
magnitude from that of the information from boreholes.

The information concerning each borehole (facies boundaries, the position of 
chrono-horizons in depth) is based on the data of seismic profiles. Figure 2 shows 
the composite seismic profile connecting the boreholes Kaskantyu-2 and 
Soltvadkert-4, and its interpreted version. On the interpreted line, the paleo- 
magnetic ages, and the facies boundaries are picked on the basis of seismic features 
as well as the basement of the Pannonian sediments; all data deriving from the 
borehole Kaskantyu-2 were taken into consideration. Seismic velocity 
measurements carried out in boreholes of the area were used to convert the two 
way time data to depth.

1 4 6  M. Korpás-Hódi et al.

Fig. 1
Localities of boreholes and seismic profiles providing stratigraphic data used for the 
interpretation. 1. seismic profiles; 2. line of the composite seismic profiles shown in Fig. 2
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In any given borehole, the position of the chrono- and facies horizons correlated 
with the seismic profiles is limited by the resolution of the profiles and the errors 
deriving from the conversion of time to depth. In drawing the conclusions, these 
possibilities of error were taken into account.

Based on the seismic reflections, four facies units were distinguished:
1. alluvial plain, upper section of delta plain;
2. delta plain, delta front;
3. delta slope, and
4. prodelta, basal formations.
In the text the double terms will be neglected and each facies will be indentified 

as alluvial and delta plain, and as prodelta, respectively.

1 4 8  M. Korpás-Hódi et al.

Stratigraphic framework

In the studied borehole sections, the Pannonian formations overlie the basement 
formations with a hiatus.

According to the faunistic investigations, the existing pliohaline basin facies is 
found in the lower sections of the Pannonian strata.

The biostratigraphic horizon with Limnocardium praeponticum, characteristic 
if continuous Sarmatian-Pannonian sedimentation, was not found anywhere here. 
The lower section of the Pannonian sequence can be characterized either by the 
Congeria banatica or by the C. czjzeki fauna. Based on our experience gained so far,
C. banatica occurs in the middle of the Lower Pannonian, while C. czjzeki proved 
to be somewhat younger.

In the studied area in the most thoroughly studied borehole with continuous 
core sampling (Kaskantyu-2), the lower biostratigraphic horizon is missing, based 
both on phytoplankton and on malacological studies (Korpás-Hódi 1983, 
Sütő-Szentay 1983). The paleomagnetic age of the lower section of the borehole 
is also uncertain. The oldest defined age datum derives from the strata 350 m 
above the Pannonian bottom: 5th anomaly, 8.9 Ma (Elston et al. 1989).

The time interval within the Pannonian covered by the condensed strata on the 
base, as well as the hiatus, are unknown.

Concerning the Pannonian sequence of the studied area, the reflection profiles 
show a prograding delta system. Delta facies prograded from NW to S-SE. The 
evolution of the delta facies can be traced from the prodelta to the alluvial plain. 
The change in the mollusc fauna follows in its main features the changes of the 
delta facies.

Sedimentation rate, sediment thickness

To study the sedimentation rate calculations were performed, assuming 
continuous sedimentation. No data are available concerning the time interval of 
the hiati.

The data relating to the calculated sedimentation rates as well as to the sediment 
thicknesses are found in Tables 1, 2 and 3.
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Table 1
Sediment accumulation rate as a function of time

M year sediment acculuation rate (m/M year) max thickness
average max m locality and facies

8.1 7 ? 306 Sol.-5, prod. dl.
8.1-7.4 284 521 370 Szk.-1, dl.
7.4-6.8 339 850 510 Cso.-3, dl. pr.
6,8-6.5 703 2300 690 Köm.-l, dl. pr.
6.5-5.9 373 1033 620 Felgyo-l, ds. dl.
5.9-4.2 165 ______« 7 0 ______ 740(7) Gátér-2, al.

Table 2
Sediment accumulation rate of delta slopes

Locality Thickness
(m)

Sediment accumulation 
rate (m/M year)

M year

Szank-61 330 550 74-6.8
Szank-K-2 360 600 7.4—6.8
Szank-43 430 720 74-6.8
Average 370 626

Alpár-1 560 1866 6.8-6.5
Gátér-1 490 1633 6.8- 6.S
Eresztő-5 430 1433 68-6.5
Üllés ÉNy-1 440 2200 6.8- 6.6
Üllés ÉNy-3 390 1950 6.8- 6.6
Pusztamérges ÉNy-2 430 1433 6.8-65
Average 457 1752

Algyő 525 875 65-5.9
Felgy<S-I 390 1300 6.S-6.2
Felgyő-II 540 771 6.8- 6.1
Average 485 1085

It is obvious from all the three tables that the sedimentation rate accelerated 
between 6.8 and 6.5 Ma. •

Since sedimentation rate is affected by several factors, the reason of this 
acceleration cannot be unambiguously stated. It most probably accounts for 
differences in relief.

As a result of in-filling, the basin became narrower, i.e. the source area increased 
relatively. Although this continued even after 6.5 million years, in spite of this the 
sedimentation rate decreased.

In the time horizon of 6.8-6.5 Ma, both the increase of energy the sediment 
input, and occasionally the uplift of the drainage area, have to be taken into 
consideration.

It can be stated that under similar conditions the sedimentation rate is lowest 
in the prodelta facies; it culminates in the delta slope facies and decreases again 
in the delta plain facies. This tendency can be followed in the sedimentation rate
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calculated as a function of time. As the prodelta facies is replaced by the delta 
slope facies, the sedimentation rate increases and in conjunction with the 
progradation of the delta plain facies, it begins to decrease.

It can be seen in the maps of sediment thickness that the locality of maximum 
sediment accumulation changed. The depocenters with maximum rate of 
accumulation migrated from NW towards SE, S, in harmony with the progradation 
of the delta facies (Figs 8-13).
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Table 3
Sediment accumulation rate of delta plans
Locality Thickness

(m)
Sediment accmulation rate 

m/M year
M year

Soltvadkert É-1 200 333 7.2-6.6
Soltvadkert É-3 260 260 7.7-67
Average 230 296

Szánk—61 320 800 6.9-6.5
Szánk K-2 350 875 6.9-6.5
Szánk—43 320 775 6.9-6.5
Üllés-1 310 1500 66-6.4
Üllés-3 310 1500 6.6-6.4
Average 320 1100

Felgyő-l 460 511 6.2-5.3
Felgyő-22 480 533 6.2-5.3
Alpár-I 590 843 6.5-5.8
G átér-2 260 520 6.4-5.9
Ereszt<5-5 180 300 6.5-5.9
Pusztamérges ÉNy-2 380 543 Ó.5-5.8
Average 391 541

Relationship between the mollusc fauna and the delta facies

The brackish mollusc fauna of Hungary was already assigned to three great 
groups byÆtrausz, L. and Széles, M. (Strausz 1947, 1969; Széles 1968).

1) Lower Pannonian: Congeria banatica, Congeria partschi maorti, Congeria czjzeki
2) the so-called transitional fauna with abichi and ungula caprae (Paradacna 

abichi, Congeria ungula caprae)
3) Upper Pannonian: Prosodacna, Viviparus.
This agrees with our own investigations in the vertical profiles, where three 

groups can be distinguished.
When their extension is studied horizontally, in the time horizons, it is noticed 

that there is a remarkable temporal overlapping among the occurrence of the three 
fauna types (Figs 3-4).

The last occurrence of the species Congeria czjzeki and Congeria banatica, as well 
as the first appearance of the Prosodacna vutskitsi, were studied as a function of 
space and time.
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Occurrence of characteristic mollusc sp ec ie s  In the type-profiles. 1. prodelta; 2. delta slope; 3. delta plain; 4 -  alluvial plain. Notes: Profiles 
constructed from several boreholes data are shown only by the geographic name. Numbers besides the profiles denote the time horizons 
in million years derived from the borehole Kaskantyu-2. Abbreviations of the characteristic species: C.b. -  Congeria banatica, C.cz). -  
Congeria czjzekl, C.z. -  Congeria zagrabiensis, C. sub. -  Congeria subglobosa, C.u.c. -  Congeria ungula caprae, C.rh. -  Congeria rhombo- 
idea, C.p. -  Congeria partschl maorti, Dr.s. -  Dreissena serblca, Dr.sp. -  Drelssena sp., L.p. -  Limno- cardium pelzelnl, L.m. -  Llmnocardlum 
majeri. L.r. -  Llmnocardium riegeli, L.d. -  Llmnocardlum desertum, P.ab. -  Paradacna abichi, P.ok. -  Paradacna okruglcl. P. I. -  Paradsana 
lenzi, Pr.v.- Prosodacna vutskitsi, K.st., Pl.gr. -  Planorbis grandis, H. -  Helix sp.
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2
Fig. 4
Spatial extension of the mollusc fauna as a function of time. 1 -  extension of the C.czjzeki and 
C. banatica as a function of time; 2 -  appearance of Prosodacna sp.

In the northwestern part of the area, the time span between the disappearance 
of Congeria czjzeki and Congeria banatica and the appearance of Prosodacna vutskitsi 
represents more than one million years. Between 6.8 and 6.5 Ma, as a result of 
accelerated sedimentation, the change of fauna also accelerated in the southeastern 
part; the time difference between the two faunas, did not exceed more than several 
hundred thousand years.

The facies affinity of the benthic mollusc species is very strong. The 
disappearance of a species or of a faunal assemblage does not mean the extinction 
of the species, but rather the change in the environmental conditions.

The fauna with Congeria czjzeki and Congeria banatica indicate pliohaline, 
prodelta facies, while the fauna with Prosodacna relates to shallow-water mio- to 
oligo-haline delta plain facies. The so-called transitional faunae are related to the 
delta slope and delta front facies (Table 4, Fig 3).

Facies study of the mollusc fauna

In our basin the general bipartite feature of the Pannonian formations is 
characterized by the relatively monotonous sedimentation that is more or less in 
equilibrium with subsidence, and by subsequent filling (Jámbor et al. 1987). The 
first phase is represented by prodelta facies occurring as a result of progradation 
of the brackish, lacustrine and delta systems, while the second is characterized by 
the predominance of the delta facies.
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Table 4
Characteristics of occurrence of mollusc paleo-associations

Fauna by 
Strausz 1947 
Széles 1968

Locality Characteristic M year 
facies

Congeria czjzeki- 
Paradachna abichi

Lower
Pannonian

common in the western 
part of the area

prodelta 
delta slope

> 8.1-5.8

Congeria banatica- 
Paradachna abichi

common in the eastern 
part of the area

prodelta 
delta slope

> 8.1—5.8\

Congeria zagrabiensis- 
Kaladachna steindachneri upper abichi 

"transitional"

Kaskantyu 
Soltvadkert 
Szánig Kömpöc

delta slope ~ 8.4—6.8

Paradachna abichi- 
Dreissena auricularis

Kaskantyu
Jánoshalma
Felgyő

delta slope 
delta plain

~ 6.8-57

Prosodacna sp.- 
Viviparus sadleri

Upper
Pannonian

common delta plain ~ 7.8-4.2

As a first approximation the faunal changes follow the changes in sedimentation 
and indicate the process of limnification. In this sense the large-scale change of 
the fauna is unidirectional.

When investigating the fauna changes in detail, however, smaller fluctuations 
can be recognized. It is not always possible to explain why are species occurs and 
the other disappears, but the reason producing the change (regressive, 
transgressive) can be given. Thus, the environmental changes are characterized 
by the so-called curves or character change. This curve is of great importance 
when investigating the effects of regional events.

Pogácsás et al. (1989) defined four hiati in the northern margin of the Great 
Hungarian Plain: 4.6-5.4 : 57-6.8 : 7.6-7.9 : 10.S—11.5(?) million years, and stated 
that these are synchronous to the global sea level changes identified by Haq et 
al. (1987).

In the basin interior, no hiatus can be expected that could be related to sea level 
changes. Nevertheless, while the sedimentation hiatus in the northern margin of 
the Great Hungarian Plain can be traced back to regional factors, in the basin the 
regressive changes are manifested by the change of benthic fauna, though for 
different reasons.

Paleontological data used for this derive from boreholes of discontinuous core 
sampling, except the borehole Kaskantyu-2. As a result of the sporadic sampling, 
the change of facies could be determined only in a few cases, and not to the 
borehole but to the area when using the macrofaunal data (Figs 5, 6, 7).
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Fig. 5
Paleontological and seismostratigraphic data of the more important boreholes of Soltvadkert 
and the change of character curve detemined for the area on the basis of these data
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Fig. 6
Change of character curves of the facies of the boreholes in the Danube-Tisza Interfluve.
1. regressive; 2. transgressive character
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Fig. 7
Change of character curve of the facies in the borehole Kaskantyu-2 and its relations to the 
main mollusc species and to the delta facies

In the Kaskantyu and Soltvadkert area, between 7.4 and 8.1 Ma two regressive 
and two transgressive phases were observed, while the facies as a whole showed 
a marked tendency of regression.

In the borehole Kaskantyu-2, traces relating to regression were found at 6.8 
Ma. The fauna of Szánk and Kömpöc indicates (though not unambiguously) 
regression in this time horizon. The fauna changes suddenly, with a sharp 
boundary, and species of different facies requirements are found together.

In the Kaskantyu area, transgression can be proven between 6.1 and 5.9 Ma. At 
the same time, in the boreholes of Felgyő, slight facies changes indicating 
transgression could be identified.

When comparing the data with those of the northern margin of the Great 
Hungarian Plain, the following picture is obtained (Table 5).

These data support the statement of Pogácsás et al. (1989) and show that the 
regression between 7.6 and 7.9 Ma is manifested through sea level fluctuations. 
Further more, the transgression observed between 5.8 and 6.1 Ma must be 
emphasized. In this case, a short but remarkable facies change could be identified 
(Table 5, and Fig. 7).
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Table 5
Faciès fluctuations based on the analysis of molluSc fauna

Sedimentation hiatus, Ma. 
Pogácsás et al. 1989

Character of facies change

regressive Ma. transgressive
4.6.-5.4 ? 5.4 Kömpöc
5.7-6.8

5.9 Felgyó

7 6.8 Szánk 
6.8—6.9 Kaskantyu

7.5-7.4 Kaskantyu

5.8 Felgyő 

5.8—6.1 Kaskantyu

7.4 Soltvadkert 
7.3-7.4 Kaskantyu

7.Ó-7.9 7.5 Soltvadkert 7.8 Soltvadkert
7.9 Soltvadkert 
8.0 Kaskantyu

7.9 Kaskantyu

History of evolution, paleogeography

Time horizon of ? - 8.1 Ma

Sedimentation older than 8.1 Ma was identified in the region of Soltvadkert, 
Kaskantyu and Orgovány, i.e. in the northwestern part of the studied area. 
Sedimentation began with a prodelta facies, then continued in delta slope facies 
and in the Kaskantyu area it turned into delta plain. The fauna indicates quiet, 
monotonous pliohaline (Congeria czjzeki, Congeria partschi maorti, Paradacna abichi), 
and then plio-mesohaline (Congeria zagrabiensis, Kaladacna steindachneri, Dreissena 
auricularis) environment. The mollusc fauna indicated meso-miohaline 
environment in the delta plain (Dreissenomya aperta, Limnocardium pelzelni, 
Zagrabica maceki).

In the Kaskantyu area, a rapid facies change, i.e. limnification, can be detected 
at the time horizon of 8.1 Ma. The effect of limnification is most frequent here, 
where the fauna with Limnocardium pelzelni, being related to the delta plain facies, 
is found (Fig. 7).

Time horizon of 8.1 to 7.4 Ma

The delta facies prograded slowly to the southeast. In the northwestern part of 
the studied area, the delta plain developed up to the time horizon of 7.4 Ma, due 
to filling.

In the borehole Kaskantyu-2, the fauna of Limnocardium pelzelni was replaced 
by that of Prosodacna and Viviparus, when an estuarian facies developed. The 
effect of rivers proved to be intense here.
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Prosodacna vutskitsi (Széles 1975), occurring in the borehole Soltvadkert-É-2, also 
indicates the progress of rivers.

In the Kaskantyu-Soltvadkert region, the process of filling and limnification 
can be followed by means of the fluctuation of regressive and transgressive 
changes, between 8.1 and 7.4 Ma (Figs. 5, 6, 7). The delta slope sediments which 
accumulated over the delta plain can be followed to the region of Kunfehértó, 
Szánk, Csólyospálos and Bugac, while the prodelta sediments can be followed 
farther, to the region of Kiskunhalas, Harkakötöny, Eresztő, Üllés and Kömpöc.

In some samples, pliohaline Congeria czjzeki and Congeria banatica were found. 
In the Soltvadkert region an impoverished fauna with Congeria zagrabiensis, 
indicating mesohaline salinity, is known (Limnocardium riegeli, Limnocardium majeri, 
Limnocardium otiophorum), from delta slope facies. Széles (1975) determined in these 
strata a species of terrestrial origin: Helix sp.

The accumulation rate is 284 m/Ma. Sediments of greater thickness are found 
in the area of delta slopes, in the area of Soltvadkert and Szánk.
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Fig. 8
Paleogeographic sketch for the time horizon of 8.1 Ma and strata thickness map of the 
Pannonian older than 8.1 Ma. 1. prodelta: 2. delta slope; 3. delta plain: 4. alluvial plain; 
5. contour line of strata thickness
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Time horizon of 7.4 to 6.8 Ma

Progradation continued. Prior to the time horizon of 6.8 Ma, prodelta sediments 
involving a fauna with Congeria banatica can be found in the Alpár and Felgyô 
region. The former prodelta facies were replaced by the delta slope facies. The 
delta plain extended over greater areas on account of delta slopes, in the region 
of Kunszállás and Szánk. In the northwestern part of the region, however, the 
formerly developed delta plain did not prograde, on account of the delta slope; 
its fauna remained essentially unchanged, and the effect of rivers did not increase. 
Thus, the progradation of the delta was of southeastern vergency.

In the borehole Szank-1, Széles (1964) determined Congeria subglobosa, 
accompanied by Paradacna abichi, Valenciennesia réussi and Limnocardium desertum. 
There is a great difference between the fauna of delta plains developed in the 
Kaskantyu and Szánk area. In the Kaskantyu region, mio-oligohaline fauna is 
found, in the Szánk area plio-mesohaline facies can be found; its salinity is similar 
to that of the delta slope and delta front facies. The Szánk region was at that time 
untouched by fluviatile effects.

In the time horizon discussed above, the greatest sediment accumulation 
occurred in the region of Tázlár and Csólyospálos, in delta slope facies. The 
sedimentation rate proved to be 339 m/Ma.
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Fig. 9
Paleogeographic sketch for the time horizon of 7.4 Ma and strata thickness map of the time 
horizon of 8.1 to 7.4 Ma. ( For legend see Fig. 8)
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Time horizon of 6.8 to 6.5 Ma

In this interval (Fig. 11) sedimentation accelerated; the accumulation rate was 
703 m/Ma. The depocentres migrated south- and eastwards (Kömpöc -  delta slope; 
Üllés-delta slope, delta plain; Harkakötöny -  delta slope; Gátér -  delta slope) and 
are characteristic of the delta slope facies.

Fig. 10
Paleogeographic sketch for the time horizon of 6.8 Ma and strata thickness map of the time 
horizon of 7.4 to 6.8 Ma. (For legend see Fig. 8)

Fig. 11
Paleogeographic sketch for the time horizon of 6.5 Ma and strata thickness map of the time 
horizon of 6.8 to 6.5 Ma. (For legend see Fig. 8)



As a result of filling, the delta plain facies extended over great area. While in 
the north alluvial plains also were developed, in the east the delta slope was 
displaced farther; prodelta facies is known only in the Algyő region.

Different associations of mollusc fauna followed the delta progradation 
southeast- and eastwards. In the Kaskantyu region fauna with Prosodacna and 
Viviparus is still found; no remarkable changes can be observed in the 
environment.

In the fauna encountered in the boreholes Szank-6 and Kömpöc-1 (6.9 Ma), a 
mollusc assemblage of different environmental requirements is found. In the 
mixed fauna, the species relating to meso-miohaline, shallow water environment 
(Congeria ungula caprae, Dreissena auricularis, Limnocardium ochetophorum) also 
indicate limnification effects.

In the deeper facies (prodelta, delta slope) the process of limnification had a 
weaker effect; the formerly existing faunal assemblages survived and indicate 
plio-mesohaline environment.

Time horizon of 6.5 to 5.9 Ma

In this time interval (Fig. 12), the delta plain and alluvial plain facies prograded 
on account of the prodelta and delta slope facies, and at 5.9 Ma extended over the 
whole studied area except in the Bácsalmás region (delta slope). The extended area 
of alluvial plain coincides with the extension of the former delta plain, both in 
direction and in area.

The change of salinity that can be characterized by the fauna is very slow, thus, 
even in this time span, no remarkable changes occur in the mollusc fauna of the 
deeper prodelta and delta slope facies.

The species Congeria czjzeki, Congeria banatica, Congeria partschi maorti, Kaladacna 
steindachneri, Paradacna abichi, etc. still occur (Madaras, Pusztamérges, Öttömös, 
Algyő). Occasionally, species relating to limnic conditions are found (borehole 
Felgyő-1, Széles 1976); the predominating facies remains mio-oligohaline.

In the Kaskantyu region, the re-appearance of Kaladacna steindachneri, the 
appearance of Paradacna okrugici and Dreissenomya schröckingeri at 5.9 to 6.1 Ma 
indicate transgression. In the Felgyô area, also close to the time horizon of 5.9 Ma, 
a change of character of slight transgressive feature can be found.

The greatest sedimentation rate is known in the Algyő and Felgyő regions (delta 
slope and delta plain facies). The accumulation rate is 373 m/Ma, and this indicates 
the overall decrease of the rate of sedimentation.

Time horizon of 5.9 to 4.2 Ma

In this period (Fig. 13), the alluvial facies gradually replaced the delta plain. The 
rate of sedimentation decelerated. Greater sediment thicknesses were observed in 
the regions of Gátér (7740 m), Kömpöc (520 m) and Algyő (620 m), i.e. in the eastern 
part of the studied area.

The rate of accumulation is 165 m/Ma. Fauna relating to basin facies is known 
from the southern margin of the studied area, in the region of Madaras and Algyő,
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Fig. 12
Paleogeographic sketch tor the time horizon ot 5.9 Ma and strata thickness map of the time 
horizon of 6.5 to 5.9 Ma. (For legend see Fig. 8)

Fig. 13
Paleogeographic sketch for the time horizon of 4.2 Ma and strata thickness map of the time 
horizon of 5.9 to 4.2 Ma. -  (For legend see Fig. 8)



from delta plain and delta front facies (Congeria czjzeki, Congeria zagrabiensis, 
Paradacna abichi).

The extension of the fauna with Prosodacna became common at the end of the 
period. It is known in alluvial plain facies in the east (Jánoshalma), in the south 
(Pusztamérges, Bácsalmás, Madaras) and in delta plain facies in the region of 
Algyő. The joint occurrence of the fauna with Prosodacna and with Paradacna 
abichi within a few metres is conspicuous in the Algyő region. This may be a 
mixed taphocoenosis, but at that time it is certain that a rapid change of fauna 
occurred. A rejuvenated regression may be responsible for this fact.
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Reconstruction of peat-forming environments on 
Miocene brown coal sequences (N-Hungary)
Mária Hámor-Vidó
Hungarian Geological Survey, Budapest

A new parallel microlithotype and macérai analysis, supplemented with a re-evaluation of four 
sections from Lyukóbánya previously studied by I. Elek, has been applied in profile 1 from the inclined 
Szeles-IV shaft in seam IV of the Miocene brown coal region of E Borsod. Thus, an opportunity was 
offered to identify within a seam beds, of sampling sites separated by a distance of 10.5 kilometres. In 
addition to results of coal petrological analysis, X-ray diffraction tests and palynological analysis carried 
out in the Hungarian Geological Institute have also backed up this method. In addition to the 
identification of beds, important results are a more detailed study of the seam, and thereby a more 
precise reconstruction of the way in which the swamp was developed. Thus, it can be stated that, in 
contrast to the Lyukóbánya region characterized by the predominance of swamp facies, the area at 
Szeles-akna is predominated by marsh facies.

Key words: Brown coal, coal petrology, Eastern Borsod, Miocene, reconstruction

Introduction

Coal petrological study of Miocene brown coals from N Hungary began in the 
forties (Vadász 1940). E. Szádeczky Kardoss and Soós (1959) were the first 
researchers to study, in addition to different sorts of tissues and bands, the smallest 
optically homogeneous composite parts of coal (macérai analysis). They studied 
several boreholes drilled in E Borsod and in the Nógrád region. These data 
permitted the development of a rapid analytical method for the reconstruction of 
the paleoenvironment which was used by A. Juhász and I. Elek upto the end of 
the eighties. They were able to compile maps of paleoenvironmental recon
struction which provided a basis for further studies. A deficiency of these maps 
was the uneven areal distribution of the samples studied. Some parts of the region 
concerned were not covered at all; in some parts of the region, only technological 
results were achieved (Varga 1985).

Therefore, the new reconstruction of paleoenvironment, begun in 1987 in the 
Hungarian Geological Institute, has set itself the aim to study samples from mines 
which have not been examined so far, or which are scheduled to be phased out.

Based on the experience and knowledge of the former researchers, I have been 
involved in this work since 1989, making use of the latest methodological systems 
from abroad. The aim of this paper is to show an evaluation of the swamp belt 
system by using the latest techniques and to make effort to re-evaluate previous 
analyses. This is of vital importance for the comparison of the old and the latest 
data.
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Geological setting

The Sajóvölgy basin is situated in NE Hungary, at the NE margin of the 
Pannonian Basin. It is surrounded by the Bükk Mountains in the S-SW, the 
Uppony Mountains in the W, the basement highs of the Darno zone in the N-NW, 
the Szendrő Range in the E and the Cserehát Range in the E. With the exception 
of the latter, these blocks are made up of Paleozoic-Mesozoic formations. Although 
the Cserehát Range is covered by Late Miocene sediments, it was in an upfilled 
position at the time of coal formation. The Sajóvölgy basin is filled with 300-400 m 
thick Early Miocene (Eggenburgian, Ottnangian, Karpathian) sequences. The 
major coal-bearing unit (Salgótarján Brown Coal Formation) was deposited during 
the Ottnangian, approx 20 Ma ago. Its thickness varies between 80-320 m and is 
underlain by the Gyulakeszi Formation, which is a regional rhyolitic tuff horizon. 
The overlying Garáb Schlier Formation is a normal marine turbiditic sequence 
which consists of bioturbated sands. The Salgótarján Formation contains five 
brown coal seams; their overall thickness is between 6-10 m.

Materials and methods

Measurements included the entire brown coal profile of seam IV currently under 
exploitation at sampling site No. 1 in the inclined Szeles IV shaft (Mucsony). 
Samples from the four sections measured at Lyukóbánya and used for the 
comparison were analyzed by Elek in 1988 (Fig. 1).

In the analyses, the nomenclature established by the ICCP (International 
Commission of Coal Petrology) was used. In addition, reference was made to the 
origin of the plant wherever possible. The paleoenvironmental classification 
worked out by Mukophadhyay et al. (1988) was used to indicate the areas of 
formation of the rock, except for profiles I—IV in Lyukóbánya, for which the 
paleoenvirontal classification established by Szádeczky-Kardos and Soós (1964) 
was also taken into consideration, owing to the similarity of channel samples.

To make the interpretation easier, a table summarizing the nomenclature applied, 
the classification of paleoenvironmental reconstruction, including an explanatory 
text, are also attached (Fig. 2).

The microlithotype and macérai analyses of seam IV in the inclined 
Szeles IV shaft (Mucsony)

The series of samples taken from the mine is considered to be complete, since 
the overlying and underlying beds of the seam are included therein. The clay 
representing the underlying bed of the seam, with a comparatively high organic 
matter content, contains remains of branches, roots and loose humic detritus 
(Bed 1). The underlying bed is directly covered by a layer which appears to be 
carbonaceous clay but representing a deposit having high carbominerite (a sort 
of rock consisting of inorganic mineral composests and regarded as deadrock in 
mining) content. It contains humic detritus, branch remains and alginite as organic
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Fig. 1
Map of Hungary with the localities of the investigated sections of the Borsod Basin

matter, being of the same origin as that of the first sample (Fig. 3) and developed 
under aquatic conditions (Bed 2). No material from Bed 3 was examined.

Brown coal of Bed 4 was represented by three samples. Whereas the lowermost 
brown coal sample (sample 4/1) is characterized by an abundance of branch 
fragments, root remains, suberinitic wood fibre and tissue elements enriched in 
leaf fragments, in sample 4/2 the telogelinite-eu-ulminite type tissues predominate, 
together with the reprecipitated eugelinite. The major part of sample 4/3 consists 
of humic detritus, and also of heavily gelified wood, cortex and fibre tissue. Based 
on the data of the triangular diagram, this falls in the Swamp-Marsh Complex, 
zone in Fig. 3. The grade of organic matter changes in sample 4 can be followed
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Fig. 2
Classification system of coal constituents. Modified after Stach et al. (1982)
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from the marsh phase through the Swamp-Marsh Complex zone, up to the 
boundary between the Swamp-Marsh Complex and the marsh facies (Fig. 3).

No polished block was prepared from Bed 5.
The 52 cm thick brown coal layer incorporated in bed 6 was divided into four 

parts by applying an average sampling interval of 10 cm. Upwards, from samples 
6/1 through 6/3, the amount of largely resinous wooden material exhibits a rapid 
increase, as compared to the carbominerite content of the rock, so that it exceeds 
80 percent in sample 6/3. In sample 6/4 the proportion of detritus becomes higher, 
as compared to the wooden material, and the corpohuminitic-degradotelinitic 
tissue type is dominant. Thus, the three lower samples of Bed 6 represent a lower 
part of the aquatic facies, and an upper part consists of marginal swampy 
gymnosperm with high resin content. This organic matter appears to have 
developed under more dispersive, gelifying and deep water conditions than those 
of the uppermost sample, i.e. sample 6/4 (Fig. 3).

No material from Bed 7 was subjected to coal petrological analysis.

Remark

degradotelin ite  
gelin ite, te l i  n ite

c u t in i te  - a t t r i n i t e  

c u t i n i t e - a t t r i n i t e

c u t i n i t e - a t t r i n i t e

suber in ite ,  deg  ra do te  Imite 
re s in i te ,  euulm lm ite , 
densin ite
deg rao lo t  et in ite+densinite  

r e s in i t e , t e l i n i t e

e u u lm in i t e *  carbominer ite

suber in ite  , g e l i n i t e
densin ite
ge l in i te
t e l in i t e

sube r in i te  .ca rbom iner i te  

su be r in i te  ca rbom iner i te

S u b d iv is io n of t h e  sam ples  ( a f t e r  Mukophadhyay 1988)

Fig. 3
Facies diagram showing the changes of peat-forming environments in the shaft Szeles IV, 
sampling site 1

Acta Geologica Hungarica



170 M. Hámor-Vidó

The sample from Bed 8 consists of rock developed under aquatic and 
swamp-marsh complex conditions, having fusinite and inertodetrinite, texto- 
ulminitic, and eu-ulminitic tissue and high clay and polyminerite content. Within 
the fabric of the sediment the sporadically occurring fusite and vitrinertite grains 
appear to have been reworked and the organic matter seems to have been 
transported by wind. Based on the high carbominerite content observed in 
polished section, the swamp-marsh complex vegetation is presumed to have been 
situated close to a small water body or a small channel crossing the swamp (Fig 3).

Bed 9 was not examined.
The material of Bed 10 is a sample similar to that of Bed 8; it was developed in 

the water-covered area of the Swamp-Marsh Complex (Fig. 3), and contains large 
amounts of humodetrinite, cortex and fiber fragments, and degraded wooden 
material consisting mainly of corpohuminite. In this sample, as compared to the 
previous one, the amount of fusinite and fusinite needles is larger.

The clayey material of Bed 11 is overlain by Bed 12, consisting of cuticule, 
liptodetrinite-humic-detritus-bearing and largely gelified woody tissue, rich in 
organic matter. This rock is believed to have been deposited in a marshy area 
covered by Gramineae.

A major part of Bed 13 is fusinite-containing woody tissue elements. The 
proportion of inertodetrinite, presumably derived from plants with soft stem, is 
a quarter of that of fusinite of woody origin. This suggests that the organic matter 
was developed in the Swamp-Marsh Complex zone. In the subsequent bed, i.e. 
Bed 14, a sample of humic detritus-leaf was found; its coal character developed 
under marshy conditions (Fig. 3), similar to that of the material of Bed 12. Bed 14 
is followed by a clay bed (Bed 15) which was not studied.

The lower two samples (samples 16/1 and 16/2) of Bed 16 represent the 
continuation of marshy conditions characterized by the dominance of humo
detrinite, cuticle and root remains, and a liptodetrinitic matrix cementing the 
detritus. In sample 16/3, the amount of resin-rich woody tissue increases and humic 
detritus occurs, for the most part only in the carbominerite. Root, cortex tissue 
and "fusinite needles",are only sporadically observed. All these point to a 
Swamp-Marsh Complex environment. In sample 4 taken from Bed 16, the woody 
material is still frequent, but each tissue is heavily disaggregated, gelified, and in 
some places the cell-wall is replaced by carbargillite. Humodetrinite is also visible, 
together with liptodetrinite, but in most cases it appears in bands, alternating with 
carbargillite, in the form of "burning shale" as described by an inproper term. 
These features are characteristic of the transitional zone of the swamp-marsh 
complex (Fig. 3).

Pyrite, appearing in most cases in framboidal form, can be easily traced 
throughout the section, and is mainly concentrated around the grains of organic 
detritus in the humodetrinitic carbominerite. Occasionally it is visible as filling 
the space of resin nodules or is incorporated into the cell of plant tissue (it was 
already present in the living tissue), or as encrustation on the tracheideae.
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Whereas the pyrite content ranges typically from 3 to 4% in carbomineritic 
rocks, the resin-rich samples (samples 6/1 and 6/2) have a remarkably high pyrite 
content, ranging from 5.7 to 11.8%. The pyrite framboid beds occurring with 
cutinite, and mainly with leaf coal-bearing detrinite, vary less frequently or 
sporadically between 0.2-2.0%. No relationship could be observed between the 
gelinite and pyrite contents of the samples.

Summary of macérai microlithotype analyses

To give a better overview, and to back up data, Fig. 4 shows the swamp 
development process, including a triangular diagram representation of macérai 
data measured in each sample.

The aquatic facies observed at the bottom of the seam and indicating the 
beginning of swamp development, i.e. the enrichment in organic matter, is 
followed in Bed 4 by a presumably Taxodium-bearing swampy vegetation of 
heavily altered tissue, which, in the upper part of the bed, turns into a type of 
organic matter which develops at the boundary of the Swamp-Marsh Complex 
zone. After Bed 5 the swamp reaches a new phase of development. After the initial, 
marshy vegetation covered by water, the marginal swampy facies becomes 
predominant (Fig. 3). As shown by palynological examinations (Rákosi 1989), this 
facies was shown to include Pinus species, and in the top part of Bed 6 it turns 
into a Swamp-Marsh Complex vegetation indicating an increased water depth.

Above the aquatic samples of Bed 8, presumably marshy vegetation becomes 
predominant; based on sample 3 from Bed 8, and with respect to the tendency of 
the facies change process, it seems to be transformed from the local, marshy- 
marginal swampy island facies through Swamp-Marsh Complex to the aquatic 
facies. This whole portion is characterized by the presence of fusinite and 
inertodetrinite. This detritus, except for Bed 13, was reworked, interms of the 
amount of material. In Bed 13, the major part of the strata of 3 cm consists of 
fusinite.

In summary, in this part of the area, a regressive event can be observed from 
the base of the seam up to sample 3 of Bed 6. This regression is believed to have 
been followed by a rather slow and long-lasting transgression proceeding at a 
constant rate (leaf coals), which offered an opportunity, under good fossilization 
conditions (in an acidic environment), for the pollen material to be enriched, up 
to the transgression of the brackish lagoon which was interrupted only by the 
marginal-marshy formation of sample 16/3 taken from beneath the top of the seam.
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Coal petrological comparison of channel samples taken from the longwall of seam 
Lyukóbánya I-IV and seam IV of the inclined Szeles IV shaft

Samples studied and analyzed by I. Elek (1988) had to be re-analyzed before 
beginning this comparative study, using microscopic descriptions of polished 
sections, the description of rocks of the studied profiles as observed 
macroscopically, and the coal petrological composition (in terms of volume%) of 
the samples. Mixed macérai and microlithotype values were combined and 
represented in a triangular diagram (Fig. 4). The composition determined by Elek 
is more detailed with respect to huminites; however, liptinites are included either 
in connection with clarite or independently, without any further details. 
Nevertheless, using these data, the coal petrological facies linked with the macérai 
composition diagram (Fig. 5) prepared from sampling site No. 1 of the inclined 
Szeles IV shaft can be indicated with regard to representation and content. In 
most cases, the picture formed on the basis of microscopic description correlated 
with the facies groups indicated in the triangular diagram (Fig. 5). Deviation was 
observed only in such cases where the composition of the section showed a 
transition between two coal petrological facies which could be, in some cases, 
distant from each other (in Fig. 2). In these cases the environment of development 
indicated by the triangular diagram has been selected.

In most cases the facies recognized and the different environments of deposition 
described by Elek differ greatly from each other. This is probably due to the 
insufficiently confined representation of the indicated swamp types and to the 
exaggeratedly detailed paleoenvironmental reconstruction of Szádeczky-Kardoss 
and Soós (1964). The swamp classification however, established by Mukophadhyay 
shows fairly good agreement with the paleobotanical results obtained by L. Rákosi 
(1989) and with palynological results of some samples obtained by L. Nagy (1989).

Following these preliminary studies, attempts were made to identify beds 
between sections with their characteristic tendencies, shown in Fig. 4. Beds were 
more or less sufficiently identified, although the incomplete study of sections has 
permitted us only to make assumptions in the cases of Bed 6 of profile Lyukóbánya 
I and Bed 3 of sections Lyukóbánya IV-I-II. It should be noted, however, that 
swamp types indicated for the beds can be regarded as an approximation as far 
as the Lyukóbánya profiles are concerned. It is shown by the sections that in the 
whole region of the basin various types of swamp follow one another in similar 
order, with greater of smaller differences in thickness. This allowed us to identify 
the bed between sampling sites. In addition to the coal petrological composition, 
the X-ray diffraction data obtained by I. Viczián (1989) also support this fact. Thus, 
a similar mineral composition is shown by Bed 1/5 of the Szeles shaft and the 
material of Bed 10 of profile Lyukóbánya IV representing the same aquatic swamp
Fig. 4—»
Profile of the paleoenvironmental reconstruction for seam IV of the Salgótarján Brown Coal 
Formation in East Borsod, Hungary. Legend: 1. bed not studied: 2. aquatic facies: 3. marsh 
facies; 4. Swamp-Marsh Complex; 5. swamp facies; 6. tuffite; 7. facies type identified In the 
bed studied; 8. assumed type of facies between sampling sites; 9 No. of beds studied, 10. No. 
of sam ples studied within the bed; 1 1. boundary of the overlying bed
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SAMPLING SITE 1 IN INCLINED SHAFT SZELES IV 

WOODY MATERIAL

INTERMEDIATE INERTINITE+MINERAL

PROFILES LYUKOBANYA I IV 
WOODY MATERIAL

INTERMEDIATE INERTITE +MI NERAL

1---------- 2 -------- 3 ................  A -------
Fig. 5
Triangule (macérai composition) diagram for seam IV of sampling site 1 in the inclined shaft 
Szeles IV and microlithotype diagram for profiles Lyukóbánya l-IV. Key symbols used: o '/10- 
sample site (profile/bed) in Lyukóbánya, o6/10 - sample site (bed/number) in the shaft Szeles, 

- swamp facies,-------swamp-marsh complex...... marsh facies, aquatic facies
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facies with respect to bed indentification. Samples of Bed 9 studied at sampling 
site No. 1 of the inclined shaft Szeles IV are not included in our study; Bed 12 (of 
tuffitic character) from the Lyukóbánya II section, and Bed 1/3 of the Szeles IV 
shaft and Bed 4 of the Lyukóbánya IV section also showed similarity.

Conclusion

Comparing the coal petrological structure of these two areas it can be stated 
that seam IV was of similar development. Both at sampling site 1 of the Szeles IV 
inclined shaft and in the sections taken from the Lyukóbánya hanging walls, all 
three paleoenvironmental facies can be traced. Deviation is only shown by the 
thickness of seams as well as by the thickness, varying from area to area, of various 
vegetation groups, including their interrelationships. Thus, swamp facies is 
predominant in the region of Lyukóbánya, whereas the environment of 
Szeles-shaft is predominated by Swamp-Marsh Complex facies. This is probably 
the reason for the differences in seam thickness between the two areas.

The results of the previous sedimentological (Hámor-Vidó 1985) and coal 
petrological studies (Juhász 1970) suggest a narrow marine channel in NE-SE 
direction for the time of coal formation. In that model, the sequence of the Szeles 
shaft was formed in the central axis of the channel, while the successions of the 
Lyukóbánya area belong to the SW margin of the channel. These data agree fairly 
well with the results of this paper.
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Mineralogical and petrographic study of some 
Neogene tuff layers of the Mecsek Mountains 
(South Hungary) and their K-Ar dating
Erzsébet Árva-Sós Zoltán Máthé
Institute of Nuclear Research,
Hungarian Academy of Sciences, Debrecen Mecsek Uranium Ore Mining Co., Pécs

In the course of exploration for hydrogenetic uranium deposits in the area of Mecsek, within the 
thick terrestrial, fluviatile sequence explored in the Western Mecsek Mountains, and in the southeastern 
foreland of the Mórágy Hills, several tuff and tuffite layers unknown so far, were identified in Miocene 
strata. The mineralogical-petrological, geochemical and K-Ar dating studies provide data for the 
geochronology of these sediments. As a result of these investigations, in the Western Mecsek Mountains 
two tuff horizons could also be identified. In the northwestern part of the region, the "Lower Rhyolite 
Tuff' (Gyulakeszi Rhyolite Tuff Formation) occurs, while the "Middle Rhyolite Tuff' (Tar Dacite Tuff 
Formation) can be found throughout the Western Mecsek Mountains. In the southeastern foreland 
of the Mórágy Hills, the "Middle Rhyolite Tuff' (Tar Dacite Tuff Formation) is found.

Key words: Mecsek Mountains, Miocene, volcanic tuff, K-Ar dating

Introduction

The Mecsek Ore Mining Co. began exploration of hydrogenetic uranium 
deposits in the area of Mecsek at the beginning of the eighties. The exploration 
project was aimed primarily at the more substantial knowledge of the Neogene 
formations. Boreholes were drilled in the western and northwestern parts of the 
Mecsek Mountains, as well as in the southeastern foreland of the Mórágy Hills 
(Fig. 1). Most of the boreholes reached basement; thus, in addition to the 
exploration of the Neogene formations, information was gained on the structure 
of the basement in Southeastern Transdanubia.

Geological setting and extension of the tuffs

In the Mecsek Mountains, the Miocene formations can be classified into two 
very different groups: the western and eastern parts. The stratigraphic position 
of the sequence in the Eastern Mecsek, being predominated by formations of 
marine facies (except for the Lower Miocene terrestrial and limnic sequences) is 
clear (Hámor 1970). On the other hand, the Miocene of the Western Mecsek is 
represented by very thick terrestrial and fluviatile formations which do not
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Map of the area of the Mecsek Mountains with the boreholes studied. 1. borehole; 2. surface 
extension of the basement; Abbreviations In the designations of boreholes: Bt -  Bâta; 
Db -  Dinnye- berki; Dsz -  Dunaszekcső; Gfa -  Gálosfa; Gyf -  Gyűrűfű; Hh -  Horváthertelend; 
Ht -  Husztót; If -  Ibafa; Kb -  Klsbeszterce; Kt -  Kán mapping; Mf -  Mecsekfalu; Mp -  
Mecsekpölöske; Msz -  Magyarszék; OÉÁ -  borehole drilled by the National Ore and Mineral 
Mines; Szk -  Szent- katalin; Vm -  Véménd

contain fauna suitable for chronological classification. In the northwest
ern-western part of the Western Mecsek (borehole Kisbeszterce-1), the marine 
formations (schlier, biogenic limestones) occur from the Upper Carpathian; thus, 
the eastern and western sequences are connected in this region.

The correlation possibilities of the western and eastern sequences were studied 
by several researches of the region (Hámor and Jámbor 1964; Chikán and Konrád
1982), but no reliable results have been obtained so far. A novel and astonishing 
result was provided by the palynological studies of the boreholes drilled in the 
western area, which proved the age of the penetrated formations to be Paleogene 
(Oligocène) (Bóna et al. 1988a, b, c, d).

In the Neogene sequence of the Mecsek Mountains, several tuff and tuffite 
layers are found. In the West and Northwest, the tuffs and tuffites occur in thick, 
terrestrial, fluviatile sequences; in the northern part, in well-known formations 
(schlier, fisch-scale bearing clay-marl, terrestrial sequence). In the southeastern 
foreground of the Mórágy Hills, the boreholes revealed volcanic rocks in
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sequences unknown so far (Barabás, in press). Throughout the Mecsek Mountains, 
the tuffs can be studied in surface outcrops as well.

For the Eastern Mecsek, mineralogical-petrological, geochemical analysis, age 
determinations of the tuffs as well as their correlation with the Tertiary tuff 
horizons of Hungary were performed (Hámor et al. 1978). The K-Ar ages 
determined on tuffs of the Eastern Mecsek, which are in agreement with the 
paleontological results, are at our disposal (Hámor et al. 1978), while only sporadic 
data are known from the Western Mecsek (Balogh et al. 1981).

The overwhelming majority of our analyses was made from the tuff and tuffite 
layers explored in the Western Mecsek and in the southeastern foreland of the 
Mórágy Hills. Based on the results (K-Ar data, mineralogical-petrological studies), 
and on the comparison of these with those of the Eastern Mecsek, we expected a 
more reliable chronological classification of the terrestrial-fluviatile sequence of 
the Western Mecsek and of the southeastern foreland of the Mórágy Hills.

Macroscopic and texturel characterization of the tuffs

The geological setting and mineralogical-petrological features of the tuffs 
encountered by boreholes are varied. The considerably differing depositional 
environments determine the structure of tuffs, the stratification conditions, the 
mineralogical-petrological composition (this is especially valid of tuffites), the 
grade of alteration and the epigenic mineral formation. The tuffs are characterized 
by light-grey, grey and greyish-white colour, by medium hardness and by porous 
structure. Stratification is characteristic of the tuffs which were formed by the 
deposition of airborne volcanic matter ("Middle Tuff Horizon"). Their texture is 
vitrophyric or vitroporphyric. Macroscopically, only biotite can in general be 
recognized, but there are white, very fine-grained glass-dust tuff strata, too, which 
do not contain macroscopically occurring biotite (upper tuff horizon in borehole 
Mecsekpölöske-1, boreholes Mecsekpölöske-2, Mecsekpölöske-3, Husztót-2).

The fine-grained tuff of terrestrial accumulation is often of "pisolithic” structure 
(borehole Dunaszekcső-1, the lower tuff horizon in the borehole Kán-9, the tuff 
overlying the limestone in the Hetvehely quarry). These "spherules" or "pellets" 
are of max 1 cm size, often slightly flattened and have a max 1 mm thick hard 
crust, somewhat darker than the tuff material itself; these are free of crystal core, 
the internal part consists of the tuff's own material (Plate 1, Photo 1). A similar 
tuff is described by Ravasz-Baranyai (1973) from the "Middle Tuff Horizon" of the 
Eastern Mecsek.

According to her interpretation, the formation of "pisoliths” proceeded as 
follows: the hot airborne volcanic dust takes in the soil moisture in form of water 
vapour, and this vapour is responsible for the aggregation of the fine-grained 
volcanic dust rolling on the ground. This type of formation is supported by the 
microscopic picture of the "pisoliths". In the crust of the "pellets", the minerals 
show concentric arrangement (this can be fairly well observed in case of biotite), 
and towards the core the grain size of the volcanic matter increases.
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The other structure typical of tuffs of terrestrial accumulation can be studied 
in the case of the well-known "Lower Rhyolite Tuff" of the Eastern Mecsek. The 
"Lower Rhyolite Tuff" is of ignimbritic character; the specific description is found 
in the works of Ravasz-Baranyai (1973) and Gál (1986). The ignimbrite-like rhyolite 
tuff was penetrated by boreholes Gálosfa-1 and Mecsekpölöske-1.

The structure and grade of alteration of the tuffs and tuffites accumulated in 
aquatic environment change from borehole to borehole.

1 8 0  E. Árva-Sós, Z. Máthé

Mineral composition

Minerals formed prior to the explosion

Biotite. It is the most conspicuous mineral of tuff, with max 1.5 to 2.0 mm grain 
size; the crystal size varies, as well as their quantities within a layer, from section 
to section. Sections parallel to the crystallographic c-axis are strongly pleochroic 
(yellow-light-brown-dark-brown). The resorption rim is characteristic of the base 
sections.

Crystals are fresh and unaltered; lamellae showing the incipient transformation 
occur only in several samples. In the case of biotites, the effects of physical impacts 
can be observed. Crystals are fractured, bent and folded "accordion-like" (Plate 1, 
Photo 2). They are rich in inclusions: apatite, zircon and opaque minerals.

Plagioclase. In addition to biotite, this is the other predominating mineral of the 
tuffs. Its quantity and grain size also varies from step to step. The grain size is 
max 1.5 to 2.0 mm (in borehole Gálosfa-1 larger crystals also occur), but the 
sub-millimeter size predominates. The crystals are of lamellar, tabular habit; most 
of them are fractured. Polysynthetic twinning is characteristic of them, and they 
are sometimes zoned (Plate 2, Photo 1).

To determine their exact composition, microprobe analysis were carried out 
(Jánosi, Török). Analyses were performed on tuffs from boreholes Mecsekpö
löske-1 ("Lower Rhyolite Tuff"), Kán-9 (lower tuff horizon), No. 9017 and 
Dunaszekcsó-1 (Fig. 1).

The unzoned crystals are of andesine-labradorite composition. The internal core 
of the zoned plagioclases is more basic (labradorite-bytownite) than the rim 
(andesine-labradorite). The plagioclases from boreholes Dunaszekcső-1 and 
No. 9017 are of more basic composition.

Plagioclases are intact even in the bentonitized tuff.
Porphyrie quartz. In the lower tuff horizon of boreholes Mecsekpölöske-1 and 

Kán-9, as well as in boreholes Horváthertelend-1 and Gálosfa-1, this occurs in 
greater amounts, while in the other samples it occurs only as an accessory mineral. 
Most of the crystals are fractured and of irregular shape; sometimes dihexahedral 
sections can also be observed. The resorption rim is characteristic of many crystals 
and it occurs frequently, by especially in the rhyolite tuff (Plate 2, Photo 2).

Green amphibole. In the lower tuff horizon of boreholes Mecsekpölöske-1 and 
Kán-9, as well as in boreholes Gálosfa-1 and Horváthertelend-1, it occurs only
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sporadically. Other samples display greater amounts of it, but its distribution 
varies within samples and sections (Plate 3, Photo 1).

Satiidine. It occurs rarely and only in small amounts.
In addition to the main rock-forming minerals, the following accessories can be 

identified: zircon, apatite and opaque minerals. Their bulk is found as inclusions, 
primarily in biotite.

Sporadically exotic rock grains (granite, gneiss, mica schist, rhyolite, alkali basalt, 
limestone) and muscovite can also be observed.

The groundmass constituting the major part of the tuffs consists of amorphous 
glass with the following main characteristic form of appearance:

1. Glass detritus bordered by water-clear convex surfaces among which the 
forms of thigh-bone and Y shape are frequent (Plate 3, Photo 2).

2. Pumice with strongly-varying grain size and quantity.

Epigenic minerals

In accordance with the depositional environment, the grade of alteration of the 
tuffs is varied; those deposited in aquatic environment are usually more altered 
than those of subaerial deposition. The most characteristic form of alteration is 
the bentonitization which is also conspicuously reflected by the chemical analyses; 
the losses on ignition show remarkable high values (Table 1). By means of DTA 
and X-ras diffractometric records, the following clay minerals could be identified 
in the samples: in addition to kaolinite of small amounts, large quantities of illite 
-  Ca-montmorillonite turned into nontronite (Plate 4, Photo 1) by iron intake from 
iron-bearing solutions (boreholes Dinnyeberki-301, Báta-4 and Gyûrûfû-б). In 
some samples chlorite (alteration product of mafic silicates) and cristobalite of 
subordinate quantities could also be identified. The carbonate content of the tuffs 
(calcite) is minimal; in the tuffs within marine sediments (schlier, fish-scale bearing 
clay-marl), the carbonate content is higher (boreholes Magyarszék-1 and 
Mecsekfalu-1), this phenomenon being verified by the analytical values of carbon 
dioxide (Table 1). Pyrite occurs in relation with coalified plant remains.

The flood-tuff penetrated in borehole Mecsekpölöske-1 is zeolitized. Zeolite 
crystals are found within greater glass fragments and pumices, but the groundmass 
is also highly zeolitized. The X-ray diffractograms (performed in the Geological 
Institute of Moscow by M.J. Gurvich) in the tuff revealed clinoptilolite (68%), and 
this agrees with the former results of Ravasz-Baranyai (1973) and of Gál (1986). 
Similar zeolitization can be observed in the upper tuff horizon of borehole 
Mecsekfalu-1. The high Sr and Ba contents are related to the zeolite contents 
(Table 2).
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Table 1
Chemical analyses of Neogene volcanic tuffs of the Mecsek Mountains. Analyst: Nagy-Horváth, Á., MÉV Chemical 
laboratory

Origin of sample Si02
%

A1203
%

ТЮ2
%

CaO
%

MgO
%

Na20
%

K20
%

FeO
%

Fe203
%

MnO
%

P205
%

LOI
%

C 02
%

Total
%

Bata—4 419.3 m 63.3 17.2 0.31 1.7 1.0 1.6 1.7 1.5 22 0.03 <0.05 9.3 0.36 ~  100.25

Dunaszekcso-l 556.0 m 67.7 13.4 0.30 2.1 0.62 2.2 2.4 2.7 1.9 0.04 0.05 6.1 0.30 99.81
9017 34.6 m 68.5 13.9 0.32 2.1 0.75 2.0 3.1 1.3 1.6 0.03 <0.05 6.0 0.32 =  99.97
Mecsekfalu-1 256.0 m 67.4 14.7 0.32 3.5 0.50 3.5 1.5 1.5 1.2 0.02 0.07 5.7 1.26 101.17
Mecsekfalu-1 487.3 m 63.3 15.5 0.34 3.0 2.0 0.95 1.1 1.6 21 0.04 0.06 10.8 1.49 10228
Mecsekpölöske-1 
1018.2 m

69.2 12.1 0.17 2.1 0.77 2.3 2.8 0.86 1.2 0.02 0.07 8.0 0.50 100.09

lbafa-3 27.4 m 66.2 119 0.29 2.8 1.0 2.2 2.5 1.6 20 0.02 0.09 7.7 0.60 99.90
Magyarszek-l 267.2 m 67.5 16.3 0.29 3.1 1.0 4.6 1.88 24 1.6 0.03 0.09 3.7 0.79 103.28
Magyarszék-1 485.6 m 62.2 16.7 0.48 3.7 1.7 2.9 1.4 1.9 22 0.02 0.10 5.9 0.96 100.16
Szentkatalin-1 76.1 m 61.2 15.9 0.47 2.1 1.8 1.6 2.9 23 25 0.03 0.10 8.1 0.34 99.34
Horvathertelend-l 
583.2 m

68.0 12.2 0.25 1.5 0.73 3.5 1.8 1.3 21 0.02 0.09 7.7 0.36 99.55

Husztót-1 62.4 m 56.3 16.3 0.40 1.8 3.0 0.72 1.1 1.5 20 0.03 0.10 16.2 0.57 100.02
Dinnyeberki-301 62.6 m 58.4 16.1 0.31 2.3 3.2 2.0 0.9 1.5 3.8 0.05 0.09 10.4 0.79 99.84
Husztót-2 90.5 m 71.6 11.5 0.14 1.6 0.4 2.2 4.6 0.95 1.3 0.01 0.07 5.6 0.60 100.57
Gyűrűfű-6 92.5 m 65.1 13.5 0.26 2.2 0.64 3.0 2.6 3.4 1.9 0.03 0.07 6.7 0.25 99.65

Symbol: LOI -  lost on ignition
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Petrography

In the case of petrographic classification, the total chemical analyses (Table 1) 
can only be taken into account with restrictions, since during the aerial transport, 
the quantitative proportions of mineral components may vary as a function of the 
distance from the explosion centre, and this fact may affect the chemical 
composition. Tuffs are more or less altered (bentonitization, zeolitization) and this 
may also modify the chemical features.

Based on the mineral composition, the tuffs penetrated by boreholes 
Mecsekpölöske-1, Kán-9, Horváthertelend-1 (lower tuff horizon) and Gálosfa-1 
are of rhyolitic character (greater amounts of porphyric quartz, very rare 
occurrence of green amphibole, more 
acidic plagioclases). The rest of the 
samples are of dacitic character 
(plagioclases are more basic, green 
amphibole occurs in greater amounts, 
quartz is only an accessory mineral).

All these facts are supported by 
cluster analysis (Fig. 2) and non-linear 
projections (Fig. 3), made with the aid 
of trace element data (Table 2). In Figs 2 
and 3, samples occur in three groups.
The samples of the dacite-like "middle 
tuff horizon" belong to groups I and II 
(Except for samples H h-l/b and 
Kán-9/b), these results being 
supported by the K-Ar data (Table 3) 
and by the paleontological investiga
tions (Bôna et al. 1988b, 1989a, b). The 
ignimbritic rhyolite tuffs (Mp-l/b and 
Gfa-1 samples) -  differences are due 
to the different grade of alteration -  
and tuffites belong to group III. Within 
group II the very fine-grained white 
glass-dust tuffs (samples Ht-2, Mp-3 
and Mp-2), containing minimal 
quantity of porphyric components, are 
separated. Samples H h-l/b and 
Kán-9/b are genetically dust-tuff of 
rhyolitic composition which is the 
western continuation of the 
flood-tuff-like "lower rhyolite tuff" 
predominating in the Eastern Mecsek.

Msz-1/a
Hh - 1/a
Kán-9/a
Msz-1/b
Ht-1
B t-1
Kán-9/b
H-3
9018
9017
Dsz-1
Mp-1/a
Db-301
Mf-1/a

HI-2
Mp-2
Mp-3
Hh-1/Ь
Gyf-6
Szk-1
Mf-1/b
Gfa-1
M p -1 / b

1.8597I___ 9.2317

Euclidean distance

Fig. 2
Cluster analysis of the trace element content 
of Neogene volcanic tuffs of the Mecsek 
Mountains
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Table 2
Trace elements (ppm) of Neogene volcanic tuffs of the Mecsek Mountains. Analyst: 
spectrometer

Samples Co Ni V Rb Cs Sr Ba Zr Nb Ta Y

9017 34.6 m <0.4 9 18 185 <4 330 619 98 9 <2 43
9018 140.7 m <0.4 14 31 172 <4 263 439 93 6 <2 40
Báta-4 419.3m <0.4 15 26 160 <4 344 426 120 8 34 34
Dinnyeberki-301 
62.6 m

<0.4 29 26 161 <4 382 335 122 7 29 47

D unaszekcso-l 
556.0 m

<0.4 36 24 153 <4 276 503 92 7 3 39

G álosfa-l 888.6 m <0.4 <1 17 74 <4 1110 243 112 6 13 24
G yűrűfű-6 925 m <0.4 25 18 51 11 467 240 125 15 25 29
Horváthertelend-1/a 
356.3 m

<0.4 16 28 42 <4 450 561 117 12 15 17

Horváthertelend-1/b 
583.2 m

<0.4 13 13 101 <4 118 489 152 21 19 46

H usztót-1  62.4 m <0.4 7 48 48 <4 362 290 132 9 8 9
H usztót2 90.5 m <0.4 14 14 150 <4 87 523 72 12 26 53
Ibafa-3 27.4 m <0.4 8 27 29 <4 489 282 92 6 32 10
K án-9/a 58.1 m <0.4 <1 18 71 <4 670 354 121 13 6 23
K án-9/b 308.1 m <0.4 <1 37 122 <4 193 295 95 8 15 28
M agyarszék-1/a 
267.2 m

<0.4 23 25 62 <4 321 586 117 9 18 20

M agyarszék- 1/b 
485.6 m

<0.4 14 52 63 <4 466 401 131 8 <2 15

M agyarszék-1/a 
487.3 m

<0.4 17 32 78 <4 2203 262 173 7 8 17

M ecsekfalu-l/b 
256.0 m

<0..4 17 16 59 <4 2340 1470 187 11 37 20

Mecsekpölöske-1 
368.0 m

<0.4 21 44 134 <4 275 500 113 6 3 28

Mecsekpölöske-1 
1018.2 m

<0.4 7 10 67 <4 1558 4214 104 8 10 30

Mecsekpölöske-2 
326.0 m

<0.4 9 6 136 <4 186 456 103 11 12 49

Mecsekpölöske-3 
390.6 m

<0.4 8 4 152 <4 120 602 70 10 <2 51

Szentka talin-1 
76.1 m

<0.4 30 60 121 <4 203 307 127 13 39 33
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Dr. J. Pallósi, MÉV X-ray laboratory, instrument: ARL-8420 X-ray fluorescence

Mo Sc Th U La Ce Pr Nd Sm Eu Gd 1Ъ Ho Tm Vb Lu

<1 <2 14 2 40 159 6 16 <3 <1 4 <0.5 <1 <0.3 <5 < i
4 <2 17 6 37 143 7 12 <3 <1 4 <0.5 <1 <0.3 <5 < i

<1 <2 21 7 48 139 9 15 <3 <1 3 <0.5 <1 <0.3 <5 < i
2 <2 17 14 55 147 11 20 <3 <1 6 <0.5 <1 <0.3 7 5

5 <2 15 5 42 147 8 12 <3 <1 2 <0.5 <1 <0.3 <5 <1

3 <2 27 6 86 168 24 49 5 <1 11 <0.5 1 <0.3 <5 <1
4 <2 5 10 57 148 15 39 5 <1 10 <0.5 <1 <0.3 5 <1

<1 <2 8 4 47 183 8 23 <3 <1 3 <0.5 <1 <0.3 7 <1

<1 <2 10 7 37 152 10 29 6 <1 7 <0.5 <1 <0.3 <6 <1

<1 <2 15 3 45 126 7 17 <3 <1 4 <0.5 <1 <0.3 <5 <1
4 <2 8 <1 36 151 9 24 4 <1 6 <0.5 <1 <0.3 <5 <1
5 <2 14 8 40 111 10 10 <3 <1 2 <0.5 <1 <0.3 <5 1
3 <2 10 8 50 141 12 23 <3 <1 4 <0.5 1 <0.3 <5 <1

<1 <2 16 8 45 111 11 15 <3 <1 3 <0.5 1 <0.3 <5 <1
3 <2 3 4 55 186 12 27 7 <1 4 <0.5 <1 <0.3 <5 <1

3 <2 9 4 38 130 7 13 <3 <1 <1 <0.5 <1 <0.3 <5 <1

3 <2 17 5 45 115 9 11 <3 <1 4 <0.5 <1 <0.3 <5 <1

2 <2 3 10 63 287 14 31 <3 <1 6 <0.5 <1 <0.3 <5 <1

5 <2 8 10 40 145 3 14 <3 <1 2 <0.5 1 <0.3 6 <1

2 <2 10 10 31 356 <1 9 <3 <1 4 <0.5 <1 <0.3 5 1

<1 <2 <3 <1 48 161 12 32 5 <1 6 <0.5 <1 <0.3 <5 <1

2 <2 4 4 29 155 10 26 5 <1 7 <0.5 <1 <0.3 <5 <1

<1 <2 17 4 67 159 19 37 6 <1 6 <0.5 <1 <0.3 9 2
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Suitability of volcanic tuffs for K-Ar dating

Compared to lava rocks, volcanic tuffs are unsuitable for age determinations as 
w hole rock. The reason for this is, on the one hand, that these rocks often contain 
vitreous ingredients, the argon-retaining capacity of which is very low due to 
their rapid decay; and they often contain older detrital elements that cannot 
exactly produce degassing due to the rapid explosion and cooling, on the other. 
Thus, the determination of the radiometric age of these rocks can only be 
performed with the aid of minerals of good argon-retaining capacity and separated 
from the crystalline components (biotite, amphibole, sanidine), the K-Ar age of 
which corresponds, in the optimal case, to the age of explosion. Nevertheless, in 
the case of subsequent alterations, radiometric ages differing from the geological 
age can also be measured, even in the case of these rocks.

1 8 6  E. Árva-Sós, Z. Máthé

Suitability of Miocene volcanic tuffs of the Mecsek Mountains for K-Ar dating

As is obvious from the mineral composition, in the case of the Miocene tuffs of 
the Mecsek Mountains, primarily separated biotite is suitable for carrying out of 
K-Ar age determinations.

Furthermore, determinations on plagioclase can also be performed, although 
these components contain groundmass inclusions; thus, they are less suitable for 
age determinations, but give information on the reliability of biotite.

Mfalu-1/a .
+  +Galosfa-1 M fa lu - l /b

Fig. 3
Non-linear projection of the Neogene volcanic tuffs of the Mecsek Mountains
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Table 3
Samples showing the original age of formation of Neogene volcanic tuffs of the 
Mecsek Mountains

Origin of samples 
Rock type

Examined
fraction

К content 
(%)

4üArrad/g
(ncmAg)

40Arrad
(%)

K-Ar age (Ma)

H orváthertelend-l 
583.0-583.1 m 
white, biotitic tuff

biotite 4.139 3.4388 • 10'6 22.0 21.3 1.5

Kán-9 biotite 2.211 1.6496 ■ IO'6 14.9 19.1 ■± 1.8
308.0-308.2 m 
biotitic tuff

feldspar 0.608 4.3386 ■ IO'7 3.0 18.3 8.5

Gálosfa-1 biotite 4.478 3.5208 • IO'6 19.0 20.1 1.55
888.5-888.7 m 
white, biotitic tuff

feldspar 0.899 8.6956 ■ 10'6 8.0 24.9 4.3

Báta-4
419.0-419.2 m 
white, biotitic tuff

biotite 2.25 1.4324 • 10'6 15.0 16.3 1.6

Dunaszekcso-l 
551.6-551.7 m 
white, biotitic tuff

biotite 3.201 2.1851 • lO'6 15.7 17.5 1.6

Gyűnjfú—6 
92.5-92.7 m 
white, biotitic tuff

biotite 4.641 3.0743 • 10'6 22.6 17.0 1.0

Dinnyeberki-301 
62.4-62.6 m 
biotitic tuff

biotite 5.097 3.4188 • 10'6 26.8 17.2 ± 1.0

Ibafa-3 
27.3-27.4 m 
white, biotitic tuff

biotite 5.337 3.6609 • 10'6 13.0 17.6 1.9

9018
141.3-141.5 ш 
white, biotitic tuff

biotite 4.041 2.8624 ■ 10'6 28.8 18.1 1.0

Kán-9 biotite 3.538 2.3928 • 10'6 26.8 17.3 1.0
58.0-58.1 m 
white, biotitic tuff

feldspar 0.549 5.3335 • lO' 6 4.6 24 8 ± 7.5

Xe = 0.581 X 10 1/year, \  ß  = 4.962 x  10' ^  1/year, 4^K/K = 1.167 x  10 4 mol/mol, standard deviation: 
Id  (Steiger and Jäger 1977)

Sanidine, which is most suitable to age determinations, occurs in these tuffs in 
such low amounts that no suitable quantity of this mineral could be separated for 
that purpose.

Amphibole also belongs to the minerals which are very suitable for age 
determinations. In our case, however, relatively large amount of amphibole would 
be necessary even for one age determination, since its potassium content is as 
high as several tenths of percent, and at the same time it is present in young rocks. 
This amount of amphibole could not be separated from the Mecsek tuffs either.
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Results and interpretation of the K-Ar data of the Miocene tuffs of the Mecsek Mountains

K-Ar determinations of the rock samples were made with the aid of the 
instrument developed in the ATOMKI (Balogh and Mórik 1978; Balogh and Mórik 
1979; Balogh 1985). The overwhelming majority of radiometric age determinations 
were from tuffs, and in some cases from tuffite. Results of these determinations 
were compared with the data available from the Eastern Mecsek (Tables 4, 5).

The K-Ar data on their own are only informative, since results are effected by 
many factors. Data, even those with geological meaning, always give the minimum 
age of the formation. When evaluating the data of determinations, the results of 
the mineralogical-petrological, paleontological, sedimentological and tectonic 
investigations should also be taken into consideration. In the case of the Neogene 
tuffs and tuffites of the Mecsek Mountains, the investigations listed above also 
played an important role in the interpretation of the analytical data.
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Table 4
K-Ar data measured earlier on the "Lower Rhyolite Tuff" of the Mecsek 
Mountains

Origin of samples 
Rock type

Examined fraction K-Ar age (Ma)

Szászvár, Szekernye-valley biotite 22.2 ±  0.8
rhyolitic tuff biotite 19.6 ±  1.9

plagioclase 17.7 ±  1.9
whole rock 20.0 ±1.9

Váralja, quarry
rhyolitic tuff biotite 19.5 ±  1.4
Kisbattyán-1
357.5-365.2 m biotite 19.7 ±  1.4
rhyolitic tuff

Table 5
K-Ar data measured previously on the "Middle Rhyolite Tuff” of the Mecsek 
Mountains

Origin of samples 
Rock type

Examined fraction K-Ar age (Ma)

Zengővárkony-33 biotite 17.1 ±  2.4
108.5-110.0 m plagioclase 16.0 ±  1.9
rhyodacitic tuff 
Hidas—53
813.0 m biotite 15.0 ±  0.6
rhyodacitic tuff 
Pécs—Vasas, railwaycut

plagioclase 16.8 ±  2.5

rhyodacitic tuff 
Apátvarasd-V

biotite 16.6 ±  2.2

173.1-179.8 m 
rhyodacitic tuff

biotite 15.8 ±  0.7
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In Table 3 the minimum K-Ar ages showing the original age of the tuffs are 
presented. Within these results, the boreholes exploring the "lower rhyolite tuff" 
can be fairly well separated: Horváthertelend-1, Kán-9 (lower tuff horizon) and 
Gálosfa-1. The results agree with the K-Ar data obtained previously for the "lower 
rhyolite tuff" in the Eastern Mecsek.

The age of the samples of the second group (Table 3) varies between 16.3 ±1 . 6  
and 18.1 ± 1.0 million years. The samples derive from the Western Mecsek 
Mountains and from the southeastern foreland of the Mórágy Hills. The obtained 
age data agree with the results measured on the middle tuff horizon of the Eastern 
Mecsek (Tar Dacite Tuff Formation).

The K-Ar ages listed in Table 6 do not show the original age of the tuffs, but 
are younger. These younger ages mark a geologically interpretable event. The 
borehole Mecsekpölöske-1 penetrated the "lower rhyolite tuff"; this is also 
supported by the mineralogical-petrological and palynological investigations 
(Bóna et al. 1989b). Its K-Ar radiometric age is 4.43 ± 0.88 million years and this 
is much younger than the original age of the formation.

Ages measured on the "lower rhyolite tuff" from the quarry close to the village 
Máza are similar. In the Western Mecsek, in the environs of the village of Kán 
(surface outcrop), a K-Ar age was found to be nearly the same as that of 
Mecsekpölöske (Balogh et al. 1981). These ages may relate to the Rhodanian 
tectonic phase which played an important role in the evolution of the Mecsek 
Mountains (Hámor 1966).

Table 6
Samples showing ages younger than the true data, due to tectonic effects

Origin of samples 
Rock type

Examined
fraction

К content 
(%)

40Arrad/g
(ncm-’/g)

4^Arrad
(%)

K-Ar age (Ma)

9017
32.8-33.0 m 
biotitic tuff

biotite 6.024 3.2398 ■ 10'6 19.8 13.8 1.0

Husztót-1 
64.2 m 
biotitic tuff

biotite 6.147 3.5101 • 10'6 81.2 14.6 0.56

Mecsekpölöske-1 
1018.2-1018.5 m 
white, biotitic tuff

biotite 1.607 2.7638 ■ 10'7 7.0 4.43 ± 0.88

Kán, roadcut outcrop 
biotitic tuff

biotite 6.68 1.242 ■ 10'6 2.5 4.7 ± 2.7

Nagymányok-12 
182.0-194.0 m 
rhyolitic tuff

biotite 5.23 3.276 • 10'6 18.0 15.7 ± 1.9

Máza, quarry biotite 2.49 7.101 • 10'7 4.4 7.1 ± 3.0
rhyolitic tuff biotite 2.49 9.850 • 10'7 6.4 9.9 ± 3.9

whole rock 2.58 1.308 • 10 6 27.0 12.7 1.1

ke = 0.581 X 10'Ю 1/year, X ß  = 4.962 x 10'^  1/year, ^О^/к = 1.167 x 10"  ̂mol/mol, standard deviation: 
1(T (Steiger and Jäger 1977)
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The K-Ar ages of the tuffs deriving from boreholes 9017 and Husztót-1 are also 
younger, due to a tectonic event (these samples derive from the neighbourhood 
of tectonic zones). The mineralogical-petrological cluster analysis carried out with 
the aid of trace element data (Fig. 2) and the "non-linear projection" (Fig. 3), as 
well as the sedimentological investigations, support the assignment of these two 
samples to the "middle tuff horizon".

In Table 7 geologically meaningless, so-called mixed ages are presented. Age 
determinations were made from tuffites. Results exemplify fairly well the necessity 
of parallel mineralogical-petrological, paleontological and sedimentological 
investigations. The classification of the two tuff horizons of borehole 
Magyarszék-1 to the Tar Dacite Tuff was proven by paleontological (Bóna et al. 
1989a) and by mineralogical-petrological investigations. The old age of tuffite 
determined from borehole Véménd-2 is caused by the great quantity of old altered 
biotite admixed to the volcanic material, being the erosion product of the 
Carboniferous granite constituting the Mórágy Hills.
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Table 7
K-Ar data of Neogene tuffites of the Mecsek Mountains

Origin of samples 
Rock type

Examined
fraction

К content 
(%)

40Arrad/g
(ncmAg)

4UArrad
(%)

K-Ar age (Ma)

Borehole of OÉÁ biotite 2.600 1.9111 • 10-6 12.3 18.8 ■+■ Z1
50.0-55.2 m
biotitic tuff
Véménd-2 biotite 4.399 1.1509 ■ 10-5 49.8 66.0 +  2.8
766.5-766.7 m
biotitic tuffite
Kisbeszterce-1 biotite 5.127 5.0680 ■ 10' 6 91.2 25.3 +  1.0
684.0 m
biotitic tuffite
Magyarszék-1 biotite 6.289 3.7218 • 10'6 65.2 15.2 +  0.6
267.3-267.4 m biotite 6.279 3.5722 • lO'6 45.7 14.6 ±  0.64
biotitic tuffite feldspar 1.123 1.0259 ■ 10"6 46.7 23.4 ±  1.0
second time separated biotite 6.127 4.5894 • lO' 6 34.0 19.2 ±  0.97
Magyarszék-1 biotite 6.424 4.2353 ■ lO' 6 29.4 16.9 -+- 0.95
485.4—485.5 m biotite 6.451 4.5625 • W 6 55.5 18.1 ±  0.74
biotitic tuffite feldspar 0.836 2.6582 ■ lO'6 47.9 80.0 ±  3.45

\ e  =  0.581 ' 10-10 1/year, X ß =  4.962 ■ 10"Ю ]/year, 40K/K =  1.167 • 10^ mol/mol, standard deviation: 
1er (Steiger and Jäger 1977)

The importance of mineralogical investigations is fairly well reflected by the 
age data of Table 8. The K-Ar radiometric age determinations were made from the 
tuffite encountered by borehole Szentkatalin-1. The first determination produced 
Paleogene age and corresponded to palynological data (Bóna et al. 1988d). The 
subsequent measurements (2nd separation) performed on feldspar and biotite 
provided even older ages. Recent investigations were made in other sections of 
the tuffite after detailed mineralogical analyses. Under microscope the fresh biotite
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(the biotite of the volcanic material) and the altered biotites (Plate 4, Photo 2), 
being the erosion products of the old granite and metamorphic rocks, were 
separated. The reliability of age data for fresh biotites which approach the true 
age was supported by sedimentological investigations.

Table8
K-Ar data of the tuffite traversed by borehole Szentkatalin-1

Origin of samples 
Rock type

Examined
fraction

К
content

(%)

4UArrad/g
(ncm-’/g)

40Arrad
(%)

K-Ar age (Ma)

Szentkatalin-1 biotite 4.092 6.6455 • W 6 58.4 41.3 ±1 .7
78.0-83.0 m 
tuffite

feldspar 0.481 13953 • lO'6 71.0 124.1 ±4.8

second time separated biotite 4.389 1.3581 • 10'6 75.8 77.9 ±  3.0
second time separated 
other part

feldspar 0.744 5.1302 • lO'6 86.0 169.3 ±6.4

0  >315 am non-altercd biotite 4.525 19289 ■ 10'6 44.0 16.6 ±  0.74
0  125 p.m + 0  250p.m biotite allerted + 

+ non-altered
other part

5.053 3.4583 ■ lO’6 44.5 17.5 ±  0.78

0  >315 p.m non- altered 
biotite

4.285 16985 • 10'6 7.4 16.1 ±3.0

0  125 pim biotite 4.894 4.6964 • 10'6 38.9 24.5 ±1.2

\e = 0.581 X 1010 1/year, \  ß = 4.962 x 10 10 1/year, 40K/K = 1.167 x 10-4 mol/mol, 
standard deviation: 1er (Steiger and Jäger 1977)

Conclusions

As a summary of the obtained results, the following conclusions can be drawn:
-  In the Western Mecsek two tuff horizons can also be found: the lower 

(rhyolite tuff) and the middle (dacite tuff);
-  In the southeastern foreland of the Mórágy Hills, Tar Dacite Tuff also occurs;
-  With the aid of the K-Ar data, the assumed role of the Rhodaniaen tectonic 

phase could also be demonstrated in the Mecsek Mountains;
-  The tuffs found in the Eastern and Western Mecsek can be fairly well 

correlated;
-  The radiometric age of the tuffs from the Western Mecsek provide useful aid 

for the age classification of the terrestrial fluviatile formations.
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Plate I

1 — Pisolitic tuff. Borehole D unaszekcső-l, 558.5 m
2 — Accordion-like folded biotites. Borehole M agyarszék-1, 485.4-485.5 m, N, 132x 

Plate II

1 — Zoned, twin-lamellated plagioclase. Borehole M ecsekpölöske-1, 1002.1 m, crossed
N, 122x

2 — Resorbed quartz. Borehole Dinnyeberki-301, 62.7 m, crossed N, 136x 

Plate III

1 — Green amphibole. Borehole D unaszekcső-l, 560.7 m, N, 400x
2 — Femur-like glass (a) and pumice (b). Borehole M agyarszék-1, 264.8 m N, 136x

Plate IV

1 — N ontronite crystals (a). Borehole D innyeberki-301, 64.6 m, N, 136x
2 — Old, altered (a) and young fresh (b) biotites. Borehole Szentkatalin-1, N, 138x
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Numeric characterization of "Orthophragmina" 
populations
György Less
Hungarian Geological Survey, Budapest

Unlike the Cretaceous and Oligo-Miocene larger foraminifers, the "Orthophragminae" 
(Discocyclinidae and Asterocyclinidae) are characterized by many parallel lineages; thus, their 
determination is much more troublesome. To effectively eliminate any subjectivity, it is expedient to 
apply numeric features, in addition to some more simple qualitative characteristics (habit, rosette, type 
of adauxiliary chambers and shape of cycles of the equatorial chambers). Some of these ("the embryonal 
constant", the width and shape of the adauxiliary chambers, the width and shape of the equatorial 
chambers) are useful for distinguishing between the lineages, while others (the size of two chambers 
of the embryo, the state of evolution of the embryo, the number and height of the adauxiliary chambers, 
the height of the equatorial chambers) serve to define evolution within the lineage. These numeric 
features will be defined and altogether 15 features (4 qualitative and 11 numeric) of "Orthophragmina" 
taxa of the Tethys will be tabulated. Due to the existing convergencies and taxonomic uncertainties, 
it is advisable to begin with the determination of taxa which can be unambiguously defined by these 
features.

Key words: Foraminiferida, Discocyclinidae, Asterocyclinidae, Paleogene, biometrics

Introduction

Project No. 286 of the IGCP was aimed at the investigation of benthos of the 
Early Paleogene, as is reflected in the official name ("Early Paleogene Benthos").

The period under study is also remarkable for two aspects:
Subsequent to the cosmic event at the Cretaceous/Tertiary boundary, and the 

related mass extinction, the process of repopulation of different ecological regions 
can be studied by means of fossil material.

On the other hand, in the Eocene this repopulation produced the most abundant 
larger foraminifer fauna in the Tethys during earth history.

This fauna is distinct from the Cretaceous and Oligo-Miocene larger 
foraminifers by the facts that, on the one hand, it populated the whole of the 
photic zone of the tropic seas, and on the other its key genera (Nummulites, 
Operculina s.l., Alveolina, Discocyclina, Orbitoclypeus, Asterocyclina) form 
several lineages. It is well-known that, unlike them, the Cretaceous Orbitoides 
(van Gorsel 1978) and Lepidobitoides (van Gorsel 1975) are represented by one, 
the European Oligo-Miocene Lepidocyclinae (Drooger and Laagland 1986) by 
two, the Miogypsinae (Drooger 1963) by three lineages.

This abundance of lineages is potentially advantageous but bears some 
disadvantages from the practical point of view.

Address: Gy. Less: H-1442 Budapest, RO.Box 106, Hungary
Received: 08 October, 1991.

Akadémiai Kiadó, Budapest



The most significant disadvantage is the difficulty of exactly separating the 
different lineages. In the Upper Cretaceous and in the Oligo-Miocene, this is not 
so problematic, due to the small number of lineages; this is why the development 
of larger foraminifer zonation of the Cretaceous (van Gorsel 1975, 1978) and of 
the Oligo-Miocene (Drooger 1963; de Mulder 1975; Drooger and Laagland 1986) 
proved to be successful on the basis of statistical investigation of biometrics within 
the single lineages.

The larger foraminifer zonations of the Upper Paleocene and Eocene differ to 
a certain extent from those mentioned above. The most modem zonation of 
Nummulites and Assilina (Schaub 1981) is based on the typological species 
concept as against the population approach of the Utrecht school (Drooger). The 
biometric investigations are summarized in spiral diagrams but the statistic 
evaluation is missing. The zones are of empiric character (i.e. are based on the 
succession of taxa in the section), but the numeric separation of species is lacking. 
Schaub (1981) divided the Eocene (the lower boundary of which is placed by 
researchers of larger foraminifers at the Thanetian-Ilerdian boundary) into 16 
zones.

In the case of Alveolinae (Hottinger 1960; Drobne 1977; Hottinger and Drobne
1988), the distinction of lineages is based for the most part on the differences of 
the concrete test morphology and wall structure. Biometrically the evolution 
within the lineage is expressed in general by the elongation index, but the statistic 
evaluation is missing in this case, too. In this manner the Upper Paleocene is 
divided into two, the Lower and Middle Eocene to 13 zones. These zones are also 
empirically founded on the fact of the most frequent occurrence of Alveolinae on 
temporally stable reef-lagoon facies of carbonate platforms (Ami 1963; Teixell and 
Serra-Kiel 1988).

The principle of distinguishing the evolutionary states between and within the 
lineages is the same in the Operculina monography of Hottinger (1977). 
Nevertheless, since the ecological site of Operculinae was, for the most part, on 
the outer marginal shelf, which is usually a temporally unstable, transitional type 
of environment, the establishment of empiric zones could not be carried out here. 
In any case, based on the monography of Hottinger (1977) 2 Upper Paleocene 
and 7 Eocene Operculina zones appear to be distinguished.

In the sequence, the protozonation of the European "Orthophragminae" 
[=Discocyclinidae (Discocyclina+Nemkovella) and Asterocyclinidae (Orbito- 
clypeus+Asterocyclina)] was realized (Less 1983, 1987). When separating the 
lineages, it was attempted to take into consideration the qualitative differences of 
features, though this was not possible in all cases (e.g. in the case of the Discocyclina 
augustae and D. dispansa lineage). Nevertheless, within the lineage, mostly 
quantitative differences were observed; thus, each evolutionary stage was 
separated by artificial boundaries. In this work, statistic methods based on 
biometric measurements were applied in order to eliminate the subjectivity, as far 
as possible.
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The succession of different "Orthophragmina" assemblages could be established 
only in the Ilerdian-Lower Lutetian section of the Crimean Peninsula; thus, the 
one Paleocene and 15 Eocene "Orthophragmina" zones which were defined can 
be considered to be empiric only in this locality beyond that, only the state of 
evolution of the assemblages related to each other could be studied, on a 
phylogenetic basis. This is why the Lutetian, Bartonian and Priabonian 
"Orthophragmina" zones also bear considerable speculative elements. The partly 
objective reason for this is that, similarly to the Operculinae, the "Ortho- 
phragminae" also lived on the outer shelf margin (Ami 1963; Teixell and Serra-Kiel 
1988).

Compared with those of the Tethys, much less is known on the larger 
foraminifers of the Caribbean and Pacific regions: here the development of the 
larger foraminifer zonation in the Eocene except for that of the American 
Lepidocyclina (van der Vlerk 1959; Cole 1962; Hofker 1968; Butterlin 1981; Sirotti
1982) starting with the Middle Eocene, has yet to be accomplished. In this respect, 
the revision of the American "Orthophragminae" (Athecocyclina, Pseudo- 
phragmina, Orbitoclypeus, Asterocyclina) is a first requirement.

One of the most important tasks of IGCP Project No. 286 will be the correlation 
of the most significant larger foraminifer zonations with one another, on the one 
hand, and their correlation with the plankton (planktonic foraminifers, calcareous 
nannoplankton and radiolaria) and the magnetostratigraphic data throughout the 
Tethyan realm. The task is multi-staged, since it has been indicated the larger 
foraminifer groups occupy different ecological sites, even within the shelf; thus, 
the author, leading the team dealing with the orbitoid foraminifers, never saw 
Alveolinae and "Orthophragminae" together in the same sample. Therefore, first 
the Alveolina zonation has to be correlated with the Nummulites (+Assilina) 
zonation (this is already done -  Hottinger et al. 1964), then the latter with the 
"Orthophragmina" zonation under preparation; finally, the "Orthophragmina" and 
Nummulites zonations must be correlated with the plankton zonations and with 
the magnetostratigraphic data.

From the theoretical point of view, the interpretation of zonation is the greatest 
problem: the quality of evolution within the lineage is not clear. We have two 
possibilities: if the evolution is continuous but fluctuates (Fig. la), the separation 
of each evolutionary stage can be drawn by artificial boundaries. Thus, the zones 
formed in this manner are also artificial and serve only to the easy intelligible 
description of the rapid evolution.

If however, in the course of evolution, sudden changes can be observed within 
the lineages, the evolution stages indicate relatively stable phases between these 
changes (punctuated equilibrium Fig. lb). In this case, the zones formed by the 
stable phases are real zones, though it remains questionable whether this is a local 
or a regional change.

In our "Orthophragmina" monography (Less 1987) essentially the first variety 
was accepted; the lineages without qualitative changes were described as species 
while the artificially separated evolution stages as subspecies (chronosubspecies).
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Fig. 1
Character of temporal changes of morphological features (using the figure of Drooger and 
Raju 1978, Fig. 8). A -  fluctuating continuous; В -  pulsating broken by sudden changes

We believe that a lineage is mainly characterized by fluctuating continuous 
evolution, and that this suggestion is valid also for the Nummulites, Operculina 
(s.l.) and Alveolina. This means, however, that the larger foraminifer zonations 
based on the evolution within the lineage are artificial. In spite of this, the 
zonations have to be applied, since these best describe the rapid changes within 
the lineages, and can be least circumstantially correlated with the true plankton 
zonations and with the magnetostratigraphic data.

Though this is the present-day situation, it can be assumed that the 
chronométrie role of larger foraminifer lineages will come into their own in the 
future, because with the aid of certain quantitative features showing fluctuating 
evolution, the measurement of time can be imagined, too. Due to the fluctuating 
character of evolution, the "clocks" represented by each lineage will be usually 
wrong, but when reading off the time from several "clocks" at the same moment, 
the time could be relatively accurately determined. The Eocene provides this 
possibility merely by the unique abundance of lineages; one has to be careful, 
however, not to read off the same clock several times. In other words: each lineage 
must be exactly separated from the others.

Though fluctuating continuous evolution is believed to be more common, there 
is no doubt that there have been sudden changes as well (Drooger and Raju 1978; 
Fermont 1982; Drooger and de Klerk 1985), though we are not convinced of the 
regional character of these.

Either way, statistic evaluation based on biometric investigation of the 
populations is needed. Descriptions overcharged by the descriptors "large-small", 
"long-short", "wide-narrow", "loose-dense" necessarily involve subjectivity in the 
definitions, since these concepts compare the features of a given individual or 
population to other individuals of populations. The change of the basis of 
comparison reacts to the determination of the related one. This negative
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phenomenon occurs in many cases not only with the determination of "Ortho- 
phragminae" (Less 1987), but often also in case of Nummulites. Subjectivity can 
be eliminated either by the exact investigation of qualitative features (something 
either exists or not); in the absence of such features the analysis of numerically 
expressable quantitative features must be used. This latter option is served by 
statistic evaluation based on the biometric analysis of populations.

The questions, however, is how to separate the populations. If no suitable 
qualitative features are available to carry out the separation, we must find the 
numeric constants that appear to be relatively stable in the course of evolution 
of each lineage. Subsequently, we can try to find the features within the lineages, 
the sizes of which are affected first of all by geological time, and more or less 
independent of environmental factors.

In the following, an attempt is made to solve this task in case of "Ortho- 
phragminae". It is to be noted, however, that biometrics is time-consuming. Thus, 
the measurement of relatively accessible and simple features seems to be useful 
in that, either by themselves or combined with other features, they will provide 
the required results. Fortunately, the complexity of calculations are beyond 
question since the calculation speed of computers cannot be compared to the time 
required by sample preparation and measurements.

Accessibility of morphological elements

The accessibility of morphological elements is affected first of all by the isolation 
possibilities of the tests. "Orthophragminae" lived in the outer shelf margin, for 
the most part throughout the Eocene (except probably the earliest phase). This 
facies zone is characterized mostly by marly or clayey sediments, so the 
"Orthophragminae" can be washed from these sediments. As compared to other 
larger foraminifers, these occur relatively sparsely in limestones.

The external morphological features can be studied fairly well in isolated tests, 
which is not the case in thin sections. The equatorial section (see the general 
structure of "Orthophragminae” in Fig. 2) can be only randomly found in thin 
section, mainly due to the thin equatorial layer (its average thickness being 50 to 
100 microns), while the equatorial section of the isolated specimens can be 
revealed by chipping (Less 1981, 1987); subsequently, if needed, it can be stained. 
In the case of recrystallized tests it is possible to apply the heating and cooling 
technique used in the case of Nummulites, prior to chipping; this method should 
be avoided as far as possible, since it deteriorates the observability of the 
morphological elements. The chipping technique first used by us in greater scale 
is on the one hand, much more rapid and thus more productive than the 
traditional method of polishing and on the other, reveals the equatorial section 
in an oriented manner, so that in many cases the stolon system between the 
chambers can also be fairly well observed.
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Fig. 2
General structure of the "Orthophragminae" after Portnaya (1974), with smaller modifications. 
1. equatorial layer; 2. lateral layers; 3-4. megaspheric embryo, 3. protoconch, 4. deutero- 
conch; 5. equatorial chambers; 6. pillars; 7. lateral chambers in axial section; 8. umbo; 
9. collar; 10 granulae on the test's surface; 11. lateral chamber on the test's surface

The axial section can only be prepared by means of polishing, which is much 
more time-consuming. In thin sections of rocks, more or less oriented axial sections 
can be studied relatively frequently as well as the tangential sections.

To sum up: in the case of isolated specimens, the external morphological 
features and the equatorial section, can be used while in case of thin sections the 
axial and tangential sections are more suitable.

As will be emphasized below, the equatorial section bears the most valuable 
morphological features, similarly to the other larger foraminifers (Orbitoides, 
Lepidorbitoides, Lepidocyclina, Miogypsina). Thus, whenever possible, the 
investigation of "Orthophragminae" should be carried out on isolated specimens. 
In the following, the value and measurement possibilities of the morphological 
elements of the "Orthophragminae" will be reviewed moving from the centre 
outwards, in accordance with ontogeny.

Juvenarium of the B-forms

The most reliable criterion for separating the Discocyclinidae and 
Asterocyclinidae is the difference of their microspheric juvenarium in equatorial 
section. A detailed description is found in the "Orthophragmina" monography 
(Less 1987). To denominate the juvenarium of Discocyclinidae, rather than the 
applied "Heterostegina"-type, the term "Cycloclypeus"-type should be used; in 
the case of the Asterocyclinidae, instead of the term "Lepidocyclina"-type the term 
"Eulinderina"-type is more exact.

Since the В-forms are rather rare, the statistic evaluation of the measurable 
elements introduced by Less (1987) is practically impossible.
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It is to be noted here that the microspheric juvenarium of Stenocyclinae assigned 
by Caudri (1972) to the Orbitoclypeidae (= Asterocyclinidae) is also of 
"Cycloclypeus"-type (Plate 1. photo 1); therefore, these also belong to the 
Discocyclinidae. In our opinion, the genus of Caudri is not considered valid; it is 
supposed to be Athecocyclina. Similarly, it is believed to be useless to assign the 
Pseudophragminae and Proporocyclinae to separate genera. These forms under 
the senior term Pseudophragmina belong also to the Discocyclinidae (Plate 1, 
photo 2). Photos 3-6 of Plate 1 show the characteristic microspheric juvenaria of 
"Orthophragmina" genera of the Tethys.

In axial section, the structure of the two kinds of microspheric juvenarium is 
unknown thus far, due to their small size and also the small chance of 
distinguishing them.

Embryo of the A-forms

In equatorial section, the distinction between the lineages and the evolution 
phases within them can be most successfully carried out with the aid of the 
embryo of А-forms. In a parallel paper, this morphological element is discussed 
in a general sense, taking also into consideration the other larger foraminifer 
groups, as well. The result of that investigation is, having measured Pi, P2, Di, 
D2 and "a", the calculation and statistic evaluation of P, D, Z and S are expedient. 
Among these parameters P and D serve to define the stages within the lineages. 
In the monography (Less 1987), the artificial boundaries between the evolutionary 
stages were marked by D displaying better measurement possibilities, with 
somewhat more rapidly developing and less scattering values.

The Z parameter, comparing the distance of the centres of the protoconch and 
deuteroconch to the size of the deuteroconch is of evolute character in the case 
of some "Orthophragminae" (Discocyclina archiaci, D. dispansa etc.), while in other 
cases (Discocyclina fortisi, D. pulcra, and major part of Astercyclinidae) it is 
relatively stable, and thus can be used to separate the lineages.

The recently introduced S parameter, being practically independent of the state 
of evolution of the embryo, bears no evolutive character and also facilitates the 
separation of lineages.

In some cases it can be used with some success (e.g. Discocyclina fortisi, D. pulcra, 
Orbitoclypeus varions)-, in the case of other lineages, however, the values show 
strong scattering. Nevertheless, it is not certain that the parameter itself is 
responsible for the errors; possibly, in certain cases, the populations belonging to 
two or more lineages were mistakenly combined into one.

The use of the Z and S parameters makes the application of the terms nephro-, 
tryblio-, eulepidine, etc., which can be subjectively interpreted to certain extent, 
unnecessary.

In axial section, the size and shape of the А-forms provide only restricted 
information, due to the undefined orientation of the section (Less 1987).
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Auxiliary chambers of the embryo

In equatorial section, three types of auxiliary chambers of the embryo can be 
distinguished: principal auxiliary, adauxiliary and interauxiliary chambers (for 
details see Less 1987). Since all the "Orthophragminae" of the Tethys have two 
principal auxiliary chambers, in order to separate the lineages, only the 
adauxiliary and interauxiliary chambers can be used. In the monography six types 
of the adauxiliary chambers ("stellata", "daguini", "archiaci", "varians", "pratti" and 
"alticostata") were distinguished (Fig. 3). In the case of the first two types, 
interauxiliary chambers are also found, while in the case of the others these are 
missing. Though each type can be fairly well distinguished, in the course of 
practical determinations several transitional types were also observed. To reduce 
the effect of subjectivity, the denomination of the types is supplemented by 
numeric determinations as well.

When counting the adauxiliary chambers (N) and measuring their characteristic 
heights (H), two evolutive parameters will be obtained that can be advantageously 
used within lineages. On the other hand, the width (L) and/or the shape (F) of 
the adauxiliary chambers can be regarded as more stable; thus, these parameters 
can also be used to distinguish between the lineages.

Having measured the parameters of the embryo and H, and having counted 
N, with the aid of the formula below, Lean be determined much more objectively 
than measuring the width of a directly chosen chamber; moreover, one 
measurement can be omitted:

where C denotes the greatest height of the entire embryo. When a < 0, then C= 
Ö2 -  a; when, however, a > 0, then C = D2.

In the above formula the circumference of the deuteroconch, taken as an ellipse 
and covered by adauxiliary chambers, is divided by the number of chambers, 
thus obtaining their width. When adding H to this value, the criterion that the 
width of the adauxiliary chamber is "measured" not at its bases but at its middle 
is fulfilled.

D2 /C  corresponds roughly to the ratio of the circumference of the deuteroconch 
covered by adauxiliary chambers and of the whole circumference of the 
deuteroconch, while the division by N + 1 instead of N is applied, since on the 
circumference of the deuteroconch 2 • 0.5 = 1 principal auxiliary chambers are 
found.

The value L calculated in this manner will approach the true L-value (which 
could be determined exactly when measuring the width of all the adauxiliary 
chambers in order to calculate their average values), when no interauxiliary 
chambers are found along the deuteroconch. In the latter case the calculated L is 
much greater than the true value, but this case is rather rare, and the types 
"stellata" and "daguini" are better separated from the other types.
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Plate I

1 —  Athecocyclina advena (Cushman) В-form, 75x
2 — Pseudophragmina psila (Woodring) В-form, 75x

3 — Discocyclina dispansa sella (dArchiac) В-form, 75x
4 — Nemkovella strphiolata strophiolata (Gümbel) В-form , 75x
5 —  Orbitoclypeus varions roberti (Douvillé) В-form, 75x
6 —  Asterocyclina alticastata cuvillieri (Neumann) В-form, 75x

1-2 — Tuxtla G utierrez (Mexico), Sample B 414 (in Pécheux 1984), Lower Lutetian 
3-6 — Padragkút (H ungary), Sample G-2/C (in Kecskeméti (ed.) 1989), Lower-(M iddle) 

Bartonian

Plate II

1 —  Athecocyclina advena (Cushman) А-form, 75x
2 — Pseudophragmina psila (Woodring) А-form, 75x

3 — Discocyclina dispansa sella (dArchiac) А-form, 75x
4 — Nemkovella strphiolata strophiolata (Gümbel) А-form, 75x
5 — Orbitoclypeus variáns roberti (Douvillé) А-form, 75x
6 — Asterocyclina alticostata cuvillieri (Neumann) А-form, 75x

1-2 — Tuxtla G utierrez (Mexico), Sample В 414 (in Pécheux 1984), Lower Lutetian 
3-6 — Pagragkút (H ungary), Sample G-TJC (in Kecskeméti (ed.) 1989), Lower-(M iddle) 

Bartonian



Plate I

5 6



Plate II

6





Numeric characterization of "Ortophragmim " 201

Fig. 3
Different types of adauxiliary chambers of the А-generations of the Tethyan "Orthophragminae" 
after Less (1987)

The numeric expression of the shape (F) of the adauxiliary chambers is much 
simpler. The formula H /L indicates unambiguously how many times higher an 
adauxiliary chamber is than wide. Nevertheless, the application of the formula

_ 100 H
F= h T l

is more expedient; on the one hand, the quasi-normal distribution of the F-values 
within a population can be approximated, and on the other, the scale of 1 to 100 
used for of the embryo can be applied to the ratios. The H /L value can be obtained 
from F with the aid of the formula F/OOO-F).

In axial section practically no conclusions can be drawn as to the types of 
chambers around the embryo. We can measure H, but since the height of the 
adauxiliary chambers around the embryo may differ considerably from one 
another, the H-value measured in axial section will be less characteristic of the 
given taxon than the value measured in equatorial section. Furthermore, it can 
be observed in general that the more this differs from F = 50 in equatorial section, 
the longer and thicker is the first chamber after the embryo than the second, in 
axial section.

Equatorial chambers

Gümbel (1868), and after him Munier-Chalmas (1891), Douvillé (1898) and 
Schlumberger (1903, 1904) distinguished the Orthophragmina genus from the

Acta Geologien Hungarica



202  Gy. Less

Cretaceous and younger Tertiary larger foraminifers on the basis of their 
rectangular equatorial chambers; the equatorial chambers, however, can be used 
in many ways to determine the "Orthophragminae".

The term "equatorial chamber" is incorrect as well, since in case of Disco- 
cyclinidae one cycle corresponds to one chamber of the microspheric juvenarium; 
the radial septa dissect this cycle into chamberlets. Knowing this fact we may 
speak about equatorial chambers, so that in the case of Discocyclinidae, 
chamberlets are understood under this term.

Our present knowledge of the stolon system of the equatorial chambers has 
changed since the last discussion (Less 1987), but the basic statement, i.e. that the 
quality of the stolon system serves as a basis to distinguish the genera within the 
Discocyclinidae, remains valid.

Within this family, Ferrandez (1989) demonstrated that the Discocyclinidae have 
altogether 4 (2+2) proximal annular stolons. In equatorial section, only two of 
them can be seen, of course; with a further four radial stolons, this means six 
altogether. The genus Nemkovella has only four radial stolons, but we have now 
more information on the stolon system of American genera. The radial stolons of 
Athecocyclinae (Plate II, Photo 1) has become known, though the origin of the 
point series lying between the radial septa of the studied A. advena (Cushman) is 
not yet clear. Furthermore, in the case of Psmdophragmina psila (Woodring), not 
only distal but also proximal annular stolons can be defined; thus, in equatorial 
section, eight stolons of a chamber can be seen (Plate II, Photo 2). It is not yet 
clear whether the more developed Upper Eocene Pseudophragminae have 
proximal annular stolons or not. If not, it would be better to separate the 
Pseudophragminae into two genera, applying the Proporocyclina term to the 
forms with eight stolons.

A former statement, namely that the equatorial chambers of Asterocyclinidae 
nearly solely exclusively have four stolons, must be somewhat modified. This is 
valid without change for the Asterocyclinidae, but Sirotti (1987) and Ferrandez 
(lecture held at Jaca, 1990) demonstrated that, in the case of certain Orbitoclypeus 
(O. variam, O. douviUei), the equatorial chambers of the first 3 to 5 cycles also have 
proximal annular stolons. In the case of O. furcata we also observed these. The 
problem must also be studied in the case of the other lineages but it seems 
probable that the six-stolon arrangement used to diagnostize the American 
Neodiscocyclinidae is not significant, so that these forms can also be assigned to 
the Orbitoclypeus. The stolon system of the equatorial chambers of the Tethyan 
"Orthophragminae" are demonstrated by photos 3-6 of Plate II.

The arrangement of the equatorial chambers above each other (like a 
chess-board or lying more or less above one another) was not believed to represent 
diagnostic features.

On the other hand, the shape of cycles is very important when separating the 
lineages within the Asterocyclinidae (the cycles of Discocyclinidae are always 
circular). In the case of the stelliform cycles of Asterocyclinidae, the number of 
radii may be significant. In the case of the Mediterranean forms (except for A.
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schweighauseri), this number is 5; in case of the American forms it varies between 
4 and 8 while in case of the Pacific forms it is always four. Although the star-stape 
of cycles is characteristic of the Asterocyclinidae, it is not diagnostic of them. 
There is no sharp difference between the shape of the cycle of certain 
Asterocyclinidae of weaker radii (e.g. A. schweighauseri) and that of certain 
Orbitoclypeus of most characteristic undulatory cycle (e.g. O. furcata).

In the case of Orbitoclypeus, the shape of the cycle is either circular or more 
or less characteristically undulatory. The number of these is usually 7-8. The 
presence of undulatory or circular cycles is of great importance when 
distinguishing between lineages.

Based on the growth character of the cycles, six types were distinguished in 
the monography of Less (1987). Unfortunately, in the case of concrete 
determination, a lot of transitional types were observed. Experiments aiming at 
the elimination of subjectivity by means of numeric expression did not provide 
reliable results; thus, when distinguishing between the lineages, consideration for 
this feature had to be neglected.

When measuring the equatorial chambers, it is observed that, in the course of 
evolution, it is primarily their shape which grows, while their width and/or their 
height remain relatively constant.

To measure the height, the counting of cycles taken in the first 0.5 mm from 
the embryo's edge (in Less 1987: no.5), in the following termed as "n" for the sake 
of simplicity, proved to be relatively most objective. Since this parameter changes 
inversely during the course of evolution with the increase of height (i.e. it 
decreases), it is in negative correlation with all the other evolutive parameters.

The measurement of the width of the equatorial chambers (e) could be realized 
only indirectly, which means that this measurement is rather subjective. To reduce 
the effect of subjectivity, the total width of 3 to 5 chambers lying beside each other 
and showing normal evolution was measured, and this value divided by the 
number of measured chambers. In the case of Athecocyclinae, the distance 
between the radial stolons is measured, if possible, instead of measuring the width 
of the equatorial chambers.

The shape of the equatorial chambers (G) is expressed similarly to the shape 
of the adauxiliary chambers:

_  1 0 0 h 
h + e  '

where —
e

G
100 -  G '

"h" denotes the height of the individual equatorial chambers, which can be 
obtained with the formula of (500-H)/(n-l); this is expressed in micrometers, so 
the height of the adauxiliary chamber cycle is subtracted. Expressed with the 
directly measured parameters it gives:

5 0 0 - H
500 -  H + e (n - 1 )
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The size and shape of the equatorial chambers are important when correlating 
the A- and В-forms. In the latter case, it is necessary to measure directly height 
of the chamber.

In axial section, the equatorial layer of Discocyclinidae does not or hardly 
widens from the embryo up to the peripheries. Nevertheless, it is an important 
difference between the forms of the Tethys and of the Caribbean that the lateral 
wall of the latter ones (Athecocyclina and Pseudophragmina) is much thicker 
than that of the Discocyclinidae and Nemkovellae.

Though it cannot be regarded as a diagnostic feature, in axial section the 
equatorial layer of Orbitoclypeus considerably widens in most cases from the 
embryo to the peripheries. With the aid of this parameter, Orbitoclypeus can be 
fairly well distinguished from Discocyclinidae and Nemkovellae in axial section.

In the case of Asterocyclinae, it is a diagnostic feature that the equatorial layer 
is dissected by radii into several layers, as against the Orbitoclypeus of whatever 
undulatory cycle.

In equatorial section, only "n" can be measured in axial section among the 
measured parameters; the reliability of this, however, is rather low, similarly to 
"H" measured in axial section.

Pillars and lateral chambers

The network of pillars occurring in the form of granula on the test surface and 
lateral chambers is called rosette. Three types of this are distinguished (Less 1987): 
the "Discocyclina" -type is characteristic of all Discocyclinae and, to a lesser extent 
of the Nemkovellae; thus, it cannot be used for exact determination. On the other 
hand, in the case of both the Orbitoclypeus and the Asterocyclinae, the "marthae" 
and "chudeaui" type rosettes can be unambiguously distinguished, which are 
characteristic of different lineages (Fig. 4). The rosette type can also often be 
determined in tangential section as well.

In our experience, the size of granulae and of the lateral chambers depends on 
the ontogenetic state of evolution of the individual; thus, the parameter is 
unsuitable for drawing reliable conclusions.

In axial section, it can be only stated that the lateral chambers of 
Asterocyclinidae overlie each other with greater spaces than those of Disco
cyclinidae.

Size and shape of the test

The former determinations of "Orthophragminae" were mostly made on the 
basis of external morphological features. The stratigraphic value of these, 
however, is rather restricted and this was proven by the fact that these 
determinations resulted only in negligible stratigraphic data. This is common, 
since the size and shape of the larger foraminifers are decisively influenced by 
the ontogenetic, pathologic and environmental factors. Furthermore, the shape of 
orbitoid larger foraminifers is determined first of all by the lateral layers, the 
formation of which is subordinate when compared to that of the equatorial layers.

2 0 4  Gy. Less
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и
„Discocyclina „marthae” „chudeaui“

Fig. 4
Main rosette types of "Orthophragminae" after Less (1987)

This is why, in the course of determination, the presence or absence of certain 
external morphological features can be taken into consideration. These are the 
circumference of the test (either circular or stelliform) and the presence or absence 
of the protrusions or ribs on the test surface.

These features are suitable only to distinguish between lineages. It is a mistake 
to believe that the stelliform shape is characteristic only of Asterocyclinae: 
Orbitoclypeus bayani is also stelliform. Similarly, the presence of ribs does not 
define a genus ("Aktinocyclina"): the ribbed Discocyclinae and Orbitoclypeus 
derive from different rib-free ancestors; moreover, recently a ribbed Nemkovella 
was reported from Gan, Southwest France, from Cuisian strata (Ferrandez 1990: 
lecture at Jaca).

Summary of the evaluation of morphological elements

To exactly define each "Orthophragmina" genus, the juvenarium of the B-forms, 
the stolon system of the equatorial chambers and the image in axial section of the 
equatorial layer must be investigated. Based on somewhat less diagnostic features, 
however, the forms can be assigned to genera on the basis of equatorial sections 
of the А-forms. The features that can be used to distinguish between the Tethyan 
"Orthophragmina" genera are summarized in Fig. 5.

Within the genera, two external and 13 morphological features in equatorial 
section of the А-forms are used to distinguish between the lineages, and to 
determine the state of evolution within them. The 15 features represent 4 
qualitative and 11 numeric parameters. To obtain the latter ones, the measurement 
and counting of 9 morphological elements are needed in the equatorial section 
of the А-forms (demonstrating figures are found in the monography of Less 1987):

P,: the total diameter of the protoconch (the distance from wall margin to wall margin is 
understood as total diameter or height; dimensions are in micrometers),

P2: total height of the protoconch,

Dp total diameter of the deuteroconch,
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D2: total height of the deuteroconch,

a: distance measured between the "sole" of the deuteroconch and the "sole" of the 
protoconch,

N: number of adauxiliary chambers,

H: height of the well-developed adauxiliary chamber,

n: number of equatorial chamber cycles counted in the first 500 micrometres from the 
embryo's rim,

e: width of the well-developed equatorial chamber.

Another auxiliary parameter is required, namely
С: C = D2 -  a, if "a" is negative, otherwise C = D2.

Now, the 15 features and their occasional computation used in the 
determination is as follows (it will be noted whether a "conservative" feature used 
to distinguish between lineages, or an "evolutive" feature used to characterize the 
states of evolution within the lineages, are selected):

I Among the external morphological features of the test:
1. habit and ornaments (a=asteroid or circular, within these: u=unornamented, punctuated 
or r=ribbed) -  conservative.

2. Type of rosette (r), (D="Discocyclina", m="marthae" or c=”chudeaui") -  conservative,

2 0 6  G y. Less

( | O r t h o p h r a g m i n a  

D i s c o c y c l i n i d a e  A s t e r o c y c l i n i d a e

B- f or m 
juvenar lum

Stolon system 
of the equato
rial chambers 
in equatorial 
section

Equatorial layer 
in axial section

Other characteristics .

External view

A-form embryon Q Q Q  (5) 9 0  (Q) 0  0

Fig. 5
Summary of the features used to separate the Tethyan "Orthophragmina" genera
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II. In the equatorial section of A-forms:
3. "medium" diameter of the protoconch:

P = VP, P2 -  evolutive .

4. "medium" diameter of the deuteroconch:

D = VDi D2 -  evolutive

5. Index of the state of evolution of the embryo (Z)1* - conservative and /o r evolutive.

P; + 2aZ =  100(0.5 + ; -)2D2 -  P2 -  2a+1 P2 + 2a I 

6. "Embryonal constant" (S) - conservative.

0.5 + (P2 + 2a) 0.5 + (3P2 + 9a)S = 100 (
2D2 -  P2 ' 2a + IP2 + 2a I ' lOCh -  12a + 12Ch + 6a I

) -  50 .

7. Type of the adauxiliary chambers (x), (a=archiaci, v=varians, p=pratti, d=daguini, 
s=stellata, c=alticostata) - conservative.

8. Number of adauxiliary chambers (N) - evolutive.

9. height of well-developed adauxiliary chamber - evolutive.

10. width of the common adauxiliary chamber (L) - relatively evolutive.
V(Di +H )2 + (D2+ H )2

. _ D2 *_________2_______
C N + 1

11. Shape of the common adauxiliary chamber (F) - relatively conservative.

F = -

H + Ĉ "
V

100 H

(D, + Н )Ч ^ Ц -^
N + 1

12. Shape of cycles of the equatorial chambers (u), characterized by the number of 
undulations - conservative.

13. Number of equatorial chamber cycles in the first 500 micrometers counted from the 
embryo's rim (n) - evolutive.

14. Width of the common well-developed equatorial chamber (e) - conservative.

15. Shape of the common equatorial chamber (G) - relatively conservative.

100 (500 -  H)
500 -  H + e (n -  1)

Characterization of the Tethyan "Orthophragmina " taxa

The features that can be used to determine the Tethyan "Orthophragmina" taxa 
are summarized in Table 1.

The explanation of abbreviations can be found under the "summary of 
evaluation of the morphological elements". In the case of the four qualitative

*1 In the formulae, for the expressions between vertical brackets, the absolute value is to be 
understood: I x I = x when "x" is positive, and I x I = -  x when "x" is negative
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features, the characteristics of each population are shown. In cases other than 
zero, the number of undulations (circular equatorial chamber cycles) may 
fluctuate to a small extent. Similarly, with the kinds of adaxiliary chambers (x), 
transitional types may also occur (primarily with the Discocyclinidae). 
Furthermore, the rosette of Nemkovellae is also of transitional character between 
the types "Discocyclina" and "chudeaui".

In the case of the eleven numeric features, the values characteristic of the median 
values of the populations are shown with about 90 to 95% confidence. Numbers 
marked in the column "level" denote the "Orthophragmina” levels of Less (1987). 
Only the observed occurrences of each taxon are demonstrated, the indication of 
presumed occurrences was neglected.

Each taxon is listed according to the sequence of the monography of Less (1987). 
In the case of species having evolutionary subspecies, the data concerning both 
the species and the subspecies are summarized. In the case of subspecies, the 
species term is also abbreviated. Some modifications were previously explained 
(Less 1989); the later improvements are verified partly by recent investigations, 
and partly by analysis of the recently introduced numeric parameters. The 
publication of the new investigation results is in progress. The studied samples 
include samples from Hungary (see Kecskeméti (ed.), 1989 -  Padragkút (Stop 
G-2) -  11th horizon, and Dudar (Stop F—1 ) —12th horizon), from Bavaria (Kirchberg 
am Neubeuern am Inn —12th—13th horizons), from Spain (Campo and environs 
-3-5th  horizons), from France (Gan-6th horizon with topotypical Orbitoclypeus 
douvillei), and from Italy (Spilecco-3rd horizon, with topotypical Orbitoclypeus 
multiplicata).

Modifications introduced, when compared to the previous data (Less 1987,
1989), are as follows:

Discocyclina nandori is probably the successor of D. knessae; similarly, D. pratti 
is that of D. aaroni aaroni. Due to the very low "S" value as compared to D. pratti,
D. aquitanica was separated from the D. pratti and is treated as a species. In the 
sample of Dudar mentioned above, it could be observed that D. pratti and D. minor 
form two more or less separating populations; thus, the latter was generated not 
directly from D. pratti, and so can be distinguished as a species; moreover, it will 
later be divided into two subspecies.

In the case of Nemkovellae, N. strophiolata fermonti distinguished earlier as a 
species is believed to be the first evolutionary step of N. strophiolata; thus,
N. bodrakensis is considered as a species.

In the Table 1 the "pygmaea" taxon assigned to Orbitoclypeus in our 
monography is missing, partly because there was no opportunity to study it, it

2 0 8  Су. Less
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being a Far-Eastern form, partly it can be assumed that it belongs to Nemkovellae 
and is the same as N. bodrakmsis.

Based on the investigation of the topotypical Orbitoclypeus multiplicata of 
Spilecco, a lineage of O. seurtesi -  O. multiplicata -  O. koehleri can be presumed, but 
to establish this lineage the revision of O. seunesi*1 is urgently needed, since this 
taxon is the first "Orthophragmina" of the Tethys; this is one of the main tasks of 
IGCP project No. 286. The forms assembled earlier under the name O. bayani could 
be divided into asteroid (O. bayani) and ribbed (O. munieri) forms, the range of 
which can also be fairly well separated. O. douvillei and O. chudeaui, assigned 
earlier to different species, may belong to one lineage; thus, they were unified in 
one species.

In the case of Asterocyclinidae, A. taramellii was separated from A. stella and 
re-established as a species again.

The analysis of qualitative and numeric features by taxa is not the objective of 
this paper. Certainly it can be stated that most taxa can be well distinguished 
from one another on the basis of the sum of these features. At the same time it is 
also possible to observe that populations of different ages, belonging to different 
lineages, are convergent, and cannot be separated either by means of qualitative 
or numeric features (and by no means on the basis of visual observation!). Some 
examples, without comments, are: Discocyclina augustaeaugustac versus D. dispansa 
nussdorfensis (and the other convergent "augustae" and "dispansa" subspecies), D. 
euaensis versus, D. pratti pratti, Orbitoclypeus munieri versus 0. furcata. These 
convergent phenomena are hardly known in the case of the Cretaceous and 
Oligo-Miocene orbitoid larger foraminifers, since the number of lineages is small, 
but can be observed in the Eocene Nummulites (this is the basis of the so-called 
"subplanulatus" problem and is why the age of the "operculina-subplanulatus" 
strata of the Dorog Basin is debated!).

Concerning the determination of "Orthophragminae" two conclusions can be 
drawn from the facts described above. On the one hand, phylogenetic research 
must be continued, and the investigation and description of the evolution within 
each lineage must be refined. It must also be elucidated how the environmental 
factors and how occasionally erroneous determinations affect the fluctuation of 
features defined as conservative ones (e.g. the strong fluctuation of "S" during the 
evolution of Discocyclina archiaci and D. dispansa). In this respect, Discocyclina 
augustae, D. dispansa and the taxa similar to them above all require supplementary 
investigations; in these cases, subsequent refinements can be expected.

The other conclusion is that, when determining the taxa and age of an 
"Orthophragmina'-bearing sample, it is expedient to begin with the easily 
definable taxa (Discocyclina fortisi group, D. radians, D. pulcra, Orbitoclypeus

Numeric characterization of "Ortophragmina "  2 0 9

*1 On the baseis of our most recent studies the major part of Paleocene ’’Orthophragminae"
belongs to Discocyclina (D. seunesi) and the rest belongs to Orbitoclypeus (O. ramaraoi ramaraoi)
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Sum m ary of features w hich can be used  to define the Tethyan "O rtophragm ina" taxa. (Explanations of abbreviations are 
found  in the  chapters "Sum m ary of evaluation  of the m orphological elements" and  "C haracterization of the  Tethyan 
"O rtophragm ina" taxa

Table 1

c§
г?’

Taxon h r P D Z S X N H L F u n e G Level

Discocyclina u D 100-450 200- 900 54- 77 45-54 a 18-55 45- 90 34-50 55-65 0 7.0-13.0 3245 49-65 2- 8
С
3оса

archiaci 
D. a. u D 100-160 200- 280 54- 66 47-53 a 18-26 45- 60 34-40 55-61 0 10.2-13.0 3242 49-60 2- 3

S' bakhchisaraiensis 
D. a. u D 140-185 280- 350 62- 67 45-53 a 20-28 50- 65 35-43 57-62 0 10.2-12.2 3741 53-57 4
staroseliensis 
D. a. archiaci u D 180-260 350- 500 63- 71 45-54 a 25-36 55- 72 3845 57-64 0 8.7-10.5 3642 53-61 5- 6
D. a. bartholomei u D 250-450 500- 900 67- 77 46-53 a 35-55 55- 90 42-50 55-65 0 7.0- 9.5 3645 55-65 7- 8
D. discus u D 450-750 900-1950 82- 92 46-54 p 70-99 105-165 45-67 67-76 0 4.6- 6.0 34-50 66-75 9-15
D. d. discus u D 450-600 900-1200 82- 88 46-52 p 70-95 105-140 45-55 68-76 0 5.2- 6.0 3743 66-71 9-10
D. d. dudarensis u D 540-750 1200- 84- 92 46-54 p 75-99 105-165 46-67 67-73 0 4.6- 5.8 34-50 67-75 11-15

D. weijdeni u D 220-290
1950

400- 520 70- 77 37-44 a 38-48 75- 90 32-39 66-72 0 6.3- 7.9 28-32 68-73 6
D. senegalensis u D 230-420 500- 730 55- 75 47-55 p 29-36 55- 80 52-60 50-58 0 5.5-10.0 3744 55-67 7- 8
D. javana u D 420-650 930-1400 82- 95 47-53 p 55-90 125-180 52-70 68-80 0 4.0- 5.5 3745 66-80 13-16
D. furoni u D 90-155 160- 300 52- 67 46-53 a 13-25 40- 55 3449 52-58 0 11.2-14.2 33-39 48-57 3- 6
D. u D 220-350 460- 670 87- 95 43-50 a 35-55 50- 85 3645 58-67 0 7.6- 9.5 3845 55-63 4- 5
pseudoaugustae 
D. fortisi u D 290-500 600- 950 95-100 47-51 a 50-76 70- 95 40-54 60-68 0 5.5- 8.5 4045 59-66 6-7
D. f. fortisi u D 290-450 600- 800 95-100 47-51 a 50-65 70- 95 4148 59-69 0 5.5- 8.5 4045 60-66 6
D. f. u D 400-500 800- 950 96-100 47-51 a 56-76 80- 95 40-54 60-68 0 6.3- 8.0 4044 59-66 7
simferopolensis 
D. stratiemanuelis u D 440-620 900-1200 96-100 47-51 p 56-75 75-140 49-58 58-71 0 6.0- 7.7 4347 59-63 8
D. spliti u D 350-650 800-1440 95-100 51-56 p 50-90 80-150 42-55 64-74 0 5.8- 7.5 3743 64-69 9-11
D. s. spliti u D 350-450 800-1200 95-100 51-56 p 50-70 80-100 4248 64-70 0 6.0- 7.5 3743 64-68 9
D. s. ajkaensis u D 500-650 1200- 96-100 51-56 p 80-90 115-150 49-55 67-74 0 5.8- 6.6 3742 65-69 11

D. broennimanni u D 55- 80
1440 

90- 125 43- 53 50-56 a 8-13 27- 45 28-36 46-60 0 14.0-15.8 27-33 51-55 3- 4
D. augustae u D 60-130 90- 250 40- 70 44-57 a 7-25 28- 60 26-38 46-63 0 11.0-18.0 22-31 48-64 6-16
D. a. sourbetensis u D 60- 90 90- 125 40- 52 45-57 a 7-11 28- 34 26-36 46-54 0 13.3-18.0 25-31 48-58 6- 8
D. a. atlantica u D 75- 95 125- 160 53- 60 44-49 a 10-15 32- 40 27-38 48-57 0 12.0-16.0 24-30 54-59 9-10
D. a. olianae u D 100-120 160- 200 49- 57 46-50 a 14-18 40- 52 29-34 56-63 0 11.8-15.0 25-28 57-63 11-13
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Table 1 cont.

Taxon h г P D Z S X

D. a. augustae u D 100-130 200- 250 53- 70 47-53 a
D. knessae n D 60- 90 115- 180 48- 62 49-55 a
D. nandori n D 100-170 200- 300 60- 72 46-54 p
D. dispensa u D 60-330 115- 700 49- 75 45-60 a
D. ganaensis u D 60- 90 115- 160 49- 59 45-54 a
D. d. taurica u D 90-110 160- 200 50- 60 50-55 a
D. d. u D 115-160 200- 250 58- 67 46-51 a
nussdorfensis 
D. d. hungarica u D 140-200 250- 320 55- 70 46-54 a
D. d. sella u D 145-215 320- 400 55- 72 50-57 a
D. d. dispansa u D 150-230 400- 500 62- 74 53-58 a
D. d. umbilicata u D 210-330 500- 700 58- 75 51-60 a
D. kingae pD 112-140 210- 242 52- 61 48-53 a
D. radians r D 100-260 175- 540 56- 73 45-54 p
D. r. noussensis r D 100-150 175- 280 56- 69 49-54 p
D. r. radians r D 135-185 280- 380 63- 73 47-53 p
D. r. rD 175-260 380- 540 64- 73 45-53 P
labalanenesis 
D. euaensis u D 130-195 300- 530 61- 72 53-59 p
D. trabayensis u D 50- 90 75- 160 35- 60 48-57 V

D. d. trabayensis u D 50- 70 75- 100 35- 50 50-57 V

D. t. concentrica u D 55- 75 90- 120 43- 53 49-53 V
D. t. vicenzensis u D 60- 90 120- 160 48- 60 48-54 V
D. aquitanica u D 140-220 220- 370 62- 69 40-50 p
D. aaroni u D 85-175 150- 350 50- 75 51-56 V
D. a. chalossensis u D 85-105 150- 190 50- 60 51-56 V
D. a. aaroni u D 90-175 220- 350 50- 75 51-56 V
D. pratti u D 160-260 320- 550 60- 78 50-56 p
D. p. u D 160-220 320- 425 60- 70 51-55 p
montfortenesis 
D. p. pratti u D 175-260 425- 550 66- 78 50-56 p
D. minor u D 260-410 590- 930 84- 96 49-53 p
D. samantai u D 280440 670- 940 81- 90 51-56 p
D. pulcra u D 225-999 390-1800 95-100 45-52 p
D. p. landesica u D 225420 390- 750 95-100 45-50 p

N H L F u n e G Level

18-25 37- 60 29-35 53-63 0 11.0-15.0 22-29 55-64 14-16
12-16 33- 49 25-35 52-60 0 11.5-14.5 20-24 60-67 9-12
17-23 55- 75 34-46 56-62 0 7.5-11.0 20-25 64-73 14-16
10-52 32- 90 2348 48-68 0 6.0-19.0 22-35 50-75 6-16
10-15 32- 43 26-31 51-60 0 15.5-19.0 24-28 50-56 6
15-20 32- 48 28-34 51-61 0 12.5-14.5 25-31 55-61 8
19-28 32- 50 23-38 48-64 0 120-14.5 22-30 53-62 9

23-32 42- 65 27-36 54-68 0 120-14.5 25-29 56-64 10-12
26-38 50- 70 3040 59-65 0 9.0-13.0 25-33 59-66 12-13
33-48 50- 75 3242 57-63 0 8.0-120 25-33 60-65 13-14
40-52 55- 90 3648 57-68 0 6.0- 9.5 27-35 60-75 15-16
17-21 50- 60 33-37 58-62 0 10.4-11.6 28-31 59-62 8
15-35 55-110 32-56 59-70 0 6.5-10.5 25-32 64-74 8-16
15-25 55- 65 32-38 59-64 0 9.0-10.5 25-28 64-68 8- 9
24-32 60- 85 3544 60-67 0 8.0- 9.4 25-28 67-72 10-13
29-35 90-110 42-56 65-70 0 6.5- 7.5 25-32 70-74 14-16

25-35 65-100 40-50 62-68 0 6.5- 8.0 25-30 70-75 15-16 £c
4-11 20- 40 32-50 3348 0 14.0-21.0 25-30 40-57 6-16 H3
4- 6 20- 30 35-50 3345 0 14.0-21.0 25-30 40-57 6- 9
6- 9 24- 29 32-38 4047 0 16.0-19.0 26-30 45-53 11 r
9-11 25- 40 32-37 4048 0 14.0-18.5 25-30 48-56 14-16 о

18-32 50- 70 3048 51-67 0 7.5-11.0 20-25 64-75 6- 8 5
15-27 35- 90 2845 53-65 0 8.0-15.0 26-35 55-63 6- 9 p
15-20 35- 50 28-33 55-60 0 125-15.0 26-32 55-58 6-8 5'
21-27 55- 90 3545 53-65 0 8.0-125 28-35 57-63 9 о
25-38 55-110 38-52 57-70 0 5.7- 9.0 25-33 64-75 9-12 d
25-34 55- 80 3843 57-655 0 6.5- 9.0 25-33 64-72 9 -1

'S

32-38 75-110 40-52 63-70 0 5.7- 8.0 25-30 68-75 10-12 1
46-65 85-150 43-51 65-75 0 4.8- 7.0 25-34 71-76 12-15 3
45-65 90-125 45-60 75-70 0 4.3- 5.2 28-35 74-79 15 s
25-99 40-265 45-65 50-80 0 29-10.0 2240 66-82 6-12 NJ
25-50 40-100 45-55 50-65 0 6.0-10.0 22-28 66-74 6 •—к
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Table 1 cont.

Taxon h r p D Z S X

D. p. pulcra u D 370-600 750-1200 95-100 46-52 p

D. p. balatonica u D 650-765 1200-
1500

96-100 46-50 p

D. p. baconica u D 850-999 1500-
1800

96-100 45-59 p

Nemkovella evae u D 95-150 160- 210 45-54 46-53 V

N. strophiolata u D 75-160 110- 250 38-60 47-54 V

N.s. femonti u D 75- 95 110- 130 38-45 49-54 V

N. s. strophiolata u D 85-115 130- 180 41-50 47-54 V

N. s. tenella u D 100-160 180- 250 50-60 47-54 V

N. bodrakensis u D 45- 65 65- 95 35-45 45-58 V

Orbitoclypeus
seunesi

u c 110-160 200- 270 70-80 4248 V

O. multiplicata u c 200-250 360- 440 86-92 43-48 V

O. koehleri u c 200-300 525- 750 94-99 52-55 V

O. bayani a m 150-190 250- 300 73-80 37-43 V

O. ramaraoi u m 80-500 135- 850 50-95 38-51 V

О. r. ramaraoi u m 80-120 135- 165 50-65 38-43 V

O. r. neumannae u m 110-140 165- 220 70-85 43-48 V

O. r.
suvlukayensis

u m 120-145 220- 280 70-88 44-51 V

0 . r. crimensis u m 135-240 280- 450 85-92 47-51 V

0 . r. schopeni u m 240-500 450- 850 82-95 43-50 V

0 . munieri u m 160-210 280- 370 89-96 43-50 V

O. marthae r m 75-200 140- 360 70-92 45-51 V

O. m.
horsarrieuensis

u m 75-110 140- 200 70-85 45-50 V

O. m. marthae u m 125-200 250- 360 86-92 46-51 V

O. varians u m 60-300 120- 580 69-92 42-48 V

О. V. portnayae u m 60- 85 120- 160 69-76 4247 V

О. V.

angoumensis
u m 120-150 200- 250 74-80 4247 V

О. V. r o b e r t i u m 140-170 250- 320 78-87 4447 V

О. V. sea laris u m 180-220 320- 400 77-88 42-28 V

0 . V. varians u m 200-300 400- 580 82-92 4347 V

N H L F u n e G Level

45-77 100-185 45- 52 68-78 0 4.0- 6.0 26-35 7280 9-10
65-90 180-225 52- 65 74-80 0 3.4- 4.8 3540 7280 11

85-99 225-265 60- 65 77-80 0 29- 3.3 3540 80-82 12

10-15 40- 55 35- 44 47-58 0 11.0-17.5 3545 40-55 5- 8
7-15 27- 52 34- 51 42-53 0 14.0-19.5 27-38 43-52 8-15
7- 9 27- 45 35- 40 42-52 0 15.5-18.0 30-38 4347 8
8-11 32- 42 34- 46 43-53 0 16.5-19.5 27-33 4349 9-11

10-15 40- 52 45- 51 42-49 0 14.0-18.0 30-37 44-52 1215
4- 7 20- 35 37- 45 3046 0 17.0-220 3540 4045 8

18-21 40- 50 30- 40 50-60 0 11.0-14.0 25-35 50-60 1

27-34 52- 58 42- 58 50-57 7 10.0-120 3743 51-55 3
35-52 60- 85 48- 51 55-62 7 6.0- 7.2 45-55 56-63 8

117-24 40- 45 42- 50 44-50 6 10.0-13.0 3545 46-54 3
1345 28-120 25- 60 40-66 0 5.0-17.5 25-55 46-66 210
13-17 28- 38 25- 35 42-50 0 15.5-17.5 25-30 46-52 2
14-23 35- 45 32- 50 40-55 0 12.0-16.0 30-35 48-53 3
20-26 40- 46 35- 40 52-58 0 11.0-13.0 30-38 51-57 4

2840 45- 80 35- 50 55-62 0 8.0-120 3545 54-62 5- 8
3545 70-120 40- 60 58-66 0 5.0- 8.5 40-55 60-66 9-10
26-35 50- 60 35- 42 55-62 7 10.5-13.0 3743 48-52 6- 8
12-38 32- 55 26- 39 44-62 7 12.0-20.0 27-36 46-54 6- 8
12-18 32- 40 33- 39 44-53 7 16.0-20.0 27-33 46-51 6

30-38 42- 55 27- 32 55-62 7 120-15.5 30-36 50-54 8
1048 28- 70 30- 45 42-64 7 9.5-16.5 2740 48-58 8-15
10-15 28- 36 33- 43 4249 7 120-16.5 30-35 48-57 18
22-28 45- 50 30- 36 56-59 7 14.0-16.0 27-33 50-55 10

23-30 49- 57 35- 38 55-61 7 11.5-15.0 30-34 5258 11
27-33 48- 54 36- 42 53-59 7 10.5-125 33-38 53-57 12
3248 53- 70 32- 45 57-64 7 9.5-11.6 3540 53-58 13-15
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Taxon h г р D Z S X N Н L F U п е G Level

O. furcata г m 135-200 270- 480 85-97 47-54 V 2740 47- 72 31- 40 56-65 7 10.0-15.0 30-37 49-58 10-16
O. f. rovasendai г m 135-170 270- 340 85-95 47-51 V 27-32 47- 55 31- 36 56-61 7 13.5-15.0 30-35 49-54 10-13
O. f. furcata г m 150-200 340- 480 92-97 49-54 V 3240 60- 72 35- 40 60-65 7 10.013.0 33-37 54-58 15-16
O. douvillei и с 70-340 140- 580 65-85 45-52 V 12-35 25-110 35- 72 46-63 0 7.0-16.0 30-50 46-61 6-12
O. d. douvillei u с 70-140 140- 280 72-77 45-50 V 12-20 25- 55 35- 50 46-54 0 11.0-16.0 3040 46-54 6-
O. d. chudeaui u с 150-190 280- 400 65-80 46-52 V 18-28 60- 90 42- 58 52-62 0 8.5-10.5 40-50 49-57 9-10
O. d. pannonicus u с 170-340 400- 580 65-85 48-52 V 19-35 80-110 55- 72 52-63 0 7.0- 9.0 4248 56-61 11-12
O. katoae г с 185-230 360- 405 51-61 52-57 V 16-20 60- 70 54- 66 48-56 0 9.0-10.5 3842 55-58 11
O. (?) daguini и с 35- 55 45- 85 30-44 44-56 d 1- 2 18- 22 70-120 15-25 0 18.0-28.0 25-30 40-52 8-13
A. taramellii a m 60-110 90- 140 40-58 40-52 V 6-12 24- 40 30- 50 35-48 5 17.0-21.0 25-32 40-54 3- 8
Asterocyclina
Stella

a m 85-220 125- 300 36-50 44-51 V 7-17 26- 65 30-100 40-55 5 11.0-23.0 25-30 46-60 11-16

A. s. Stella a m 85-130 125- 180 40-50 44-51 V 7-12 26- 40 30- 45 41-50 5 19.0-23.0 25-30 46-52 11-13
A. s. praestellaris a m 140-220 180- 300 3647 44-50 V 10-17 45- 65 40-100 40-55 5 11.0-18.0 25-30 51-60 14-16
A. stellata a m 60-140 100- 200 40-55 44-54 S 3- 7 25- 65 55-120 2741 5 16.5-24.0 21-30 44-54 6-15
A. s. adourensis a m 60- 90 100- 125 40-54 44-54 S 3- 5 25- 45 55- 85 27-37 5 17.0-23.0 25-30 45-50 6-9
A. s. stellata a m 85-100 125- 160 40-54 45-51 S 3- 5 35- 48 60- 95 29-38 5 19.0-24.0 21-30 44-54 10-12
A. s. stellaris a m 98-140 160- 200 40-55 47-54 S 3- 7 35- 65 65-120 2741 5 16.5-19.5 24-30 46-54 13-15
A. priabonensis a m 100-145 160- 230 50-64 46-53 V 9-15 40- 60 40- 60 46-56 5 13.0-18.0 24-28 54-59 15-16
A. kecskemetii а с 100-200 125- 320 40-54 45-55 V 5-13 45- 60 45- 70 42-55 5 120-17.0 24-32 45-56 8-13
A. alticostata а с 120-380 160- 450 3040 45-52 с 2- 7 40- 68 80-200 19-33 5 9.0-16.0 3-041 49-58 6-15
A. a. gallica а с 120-180 160- 220 3540 45-50 с 2- 7 40- 50 80-180 20-33 5 11.0-16.0 3041 49-53 6- 9
A. a. cuvillieri а е 180-220 220- 280 30-38 46-52 с 2- 3 40- 52 140-175 19-27 5 11.0-14.0 30-38 51-57 10-11
A. a. alticostata а с 220-300 280- 360 30-39 45-49 с 2- 4 50- 58 145-180 22-28 5 9.0-120 3640 52-57 12-13
A. a. danubica а с 300-380 360- 450 3540 46-50 с 3- 5 55- 68 160-200 23-30 5 9.5-11.0 3741 53-58 15
A. schweihauseri а с 175-350 250- 500 36-50 45-55 с 3-10 45- 70 90-200 2440 6 8.0-13.0 40-50 45-57 8- 9
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douvillei, Astercyclina stellata, A. alticostata), thus permitting as exact an age
determination as possible for the other taxa.
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Middle Triassic formations of the Balaton 
Highland and of the Southern Alpâ: 
Stratigraphic correlation
Tamás Budai
Hungarian Geological Survey, Budapest

This paper aims at the demonstration of the well-known relationship between the Middle Triassic 
sequences of the Balaton Highland and the Southern Alps, by means of geological sections. On the 
basis of field experience gained in the Southern Alps, and of published data, the following general 
statements can be made:

The greatest similarity among the different regions is manifested in the Anisian sequence of the 
Balaton Highland and that of Lombardy. The most important common features are:

— the continuity of sedimentary sequences, the absence of gaps and of the coarse detrital formations;
— the lack of lateral facies variation within the Lower Anisian shallow marine carbonates;
— the development of the sediments of the basins as a result of the Middle to Upper Anisian facies 

differentiation, and their relation to the platforms;
— the very similar history of evolution of the two basins, within which at least temporal 

displacements can be recognized.
The sedimentary hiatus and the formation of coarse detritus, as well as the dynamic evolution and 

strongly discordant basement of the syncline, are unknow n in the Anisian sequence of the Balaton 
Highland, bu t are characteristic of the Dolomites.

Between the Ladinian sequence of the Balaton Highland and that of the Southern Alps, generally 
the degree of similarity is less. Among the differences, the following can be emphasized:

— volcanism proved to be more intense in the Southern Alps;
— in the Balaton Highland, the sediments, probably deposited in a condensed m anner in a pelagic 

basin, extend throughout the entire Ladinian, while the formations of the South Alpine basins 
are more variegated and thicker (possibly the occurrence of red limestone in the Balaton Highland 
relates to a transition towards the Schreyeralm eupelagic facies region);

— in the Balaton Highland the broken relief developed during the Anisian, became essentially smooth 
in the Ladinian, while the syncline of the Southern Alps continued its dynamic evolution.

Key words: Lithostratigraphy, correlation, Balaton Highland, Dolomites, Lombardy

Introduction

The Hungarian Geological Survey began the geological mapping of the Balaton 
Highland, at a scale of 1:20,000, in 1982. In this classical, well-known area of 
Hungarian Triassic research, no fundamentally new results could be expected in 
the field of stratigraphy. In spite of this, in the course of réévaluation, several 
questions arose which have been insufficiently dealt with in national literature. 
One part of these problems is related to the lithostratigraphic relationship between 
the Triassic of the Balaton Highland and the Southern Alps, which was already

Address: T Budai: H-1143 Budapest, Stefánia út 14, H ungary
Received: 10 April, 1992.
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recognized during the last century, but was investigated only concerning certain 
details. In order to develop a general picture and to explore the degree of similarity 
of the corresponding lithofacies, a field trip was organized in the Dolomites and 
in Lombardy. Based on the sections studied during the field trip, and on published 
data, the following conclusions can be drawn for the Middle Triassic:

-  the identification by age is not necessary between the Hungarian and 
South-Alpine units showing very definite lithological similarity. On the other 
hand, it is incorrect to perform lithostratigraphic correlations only due to 
contemporaneousness between lithofacies differing from each other (in the 
Hungarian literature there are a lot of instances for the latter; see below).

-  Based on the above, the question arises which South-Alpine terms, presently 
used in the Balaton Highland, should be kept, and to which units these can 
be applied.

Before correlating and dealing with terminological problems, it is reasonable to 
review the Middle Triassic sequences of the areas to be compared. It should be 
noted, however, that there is a remarkable difference in the size of these areas. 
This will somewhat distort the conclusions concerning the differences in the 
dynamics of evolution, and the relief of the basement of the synclines. It would 
be more justified to carry out this correlation with the whole of the Transdanubian 
Mid-Mountains, but unfortunately only a few reliable data are available on the 
Middle Triassic sequence of the areas outside the Balaton Highland.

Lithostratigraphy

Balaton Highland

Within the Middle Triassic sequence of the Balaton Highland, two groups can 
be distinguished (Fig. 1):

-  the group of Anisian shallow marine carbonates ("Megyehegy Group");
-  the group of Middle Anisian-Lower Carnian carbonates of basin facies 

("Buchenstein Group").
W hen defining units of higher lithostratigraphic rank than formation, we tried 

to find a South-Alpine term, if it was possible. Our suggestions aimed at the 
fulfillment of the justified request from abroad (made several times by different 
authorities) to involve Hungarian lithostratigraphic nomenclature into a 
framework which can be also understood and known by non-Hungarians. These 
groups can for the most part be considered as lithogenic units; thus, there is the 
possibility of significant difference in the definition of a name or term between 
the Mid-Mountains and the Southern Alps.

The "Megyehegy Group” contains the following formations:
-  Aszófő Dolomite Formation (Upper Scythian-Lower Anisian);
-  Iszkahegy Limestone Formation (Lower Anisian);
-  Tagyon Limestone Formation (Upper Anisian);
-  M egyehegy Dolomite Formation (Middle-Upper Anisian).
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The Aszófő Formation consists of well-stratified, usually thin-laminated, 
dirty-white or yellowish-grey "cellular” dolomite, that is characterized by 
bird's-eye fenestral structure with drying cracks. Its characteristic variety is the 
fenestrated, white or limonite-coloured, often weathered powdered limestone or 
dolomite breccia with calcareous cement (Rauhwacke). The Aszófő Dolomite is a 
hypersaline evaporite of shabkha facies; its underlying unit is the Upper Scythian 
detrital Csopak Formation. Its thickness varies between 200 and 250 m, in some 
areas this decreases to 100 to 150 m (e.g. in the Felsőörs environs). Fossils are 
sporadically found in it (Natiria, Costatoria).

The well-stratified, thin-layered-lamellar, dark-grey bituminous limestone of the 
Iszkahegy Formation develops gradually from the Aszófő Dolomite by strata 
alternation. In the upper part of the formation, banked limestone of hieroglyphic 
structure is characteristic, which can be explained by an increase in ventilation of 
the initially anoxic lagoon. The formation is poorish in fossils (Gervilleia, 
Costatoria, Natiria), its thickness is about 250-300 m.

The Lower Anisian shallow marine carbonates were deposited over a smooth 
surface, where sedimentation proceeded essentially under stable conditions over 
relatively great areas. The differentiation of this uniform syncline can be assigned 
to the Middle Anisian, when, within the developing carbonate platform 
(Megyehegy Dolomite, Tagyon Limestone), pelagic basins were formed (Felsőörs 
Limestone) in different areas of the Balaton Highland.

The Megyehegy Formation develops from the Iszkahegy Limestone through an 
intermediate thin-layered, bituminous, marly dolomite. The greater part of the 
formation consists of light-grey, banked, thick-banked dolosparite of monotonous 
lithology. It rarely contains fossils, mostly close to the underlying (crinoids, algae) 
and to the overlying strata (brachiopods). The Megyehegy Dolomite developed 
throughout the Balaton Highland; its thickness, however, laterally varies 
considerably, in contrast to the older Anisian formations. It is especially thin in 
the areas where the subsidence of the syncline already began in the Pelsonian 
(e.g. at Balatoncsicsó, it is only 10-30 m thick). On the other hand, it is as thick 
as 260 m in the central part of the Balaton Highland (in the environs of 
Balatonudvari and Vászoly), where its deposition lasted till the beginning of the 
phase of volcanism (Upper Illyrian).

The Tagyon Limestone, being partly heteropic to and overlying the Megyehegy 
Dolomite, is the other Anisian platform carbonate of the Balaton Highland. The 
formation, restricted to a relatively small area, is built up by light-beige banked 
and brownish-yellow thin-layered limestone of fenestral structure and by its 
alternations. The banked limestone corresponding to the C-member of the 
Lofer-cycle is rich in fossils (Cyanophycea, Dasycladacea, Foraminifera, sponges, 
corals, echinoderms, ostracods, mollusca), while the thin-layered В-member is 
characterized primarily by algalaminite. It develops from the Megyehegy Dolomite 
of related facies in a gradual manner. Its boundary to the overlying 
crinoidal-ammonite-bearing limestone (Buchenstein F.), however, is sharp (Budai

22О Т. Budai
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1988; Budai et al. 1990). Its greatest thickness is about 80 m, its age is Pelsonian (?) 
-Illyrian.

The "Buchenstein Group" is built up by the formations below:
-  Felsőörs Limestone Formation (Middle to Upper Anisian);
-  Buchenstein Formation (Upper Anisian-Ladinian);
-  Füred Limestone (Lower Carnian).
The Anisian formations of carbonate platform deposition are partly covered by, 

and partly heteropic to the Felsőörs Limestone of basinal facies. It is also the oldest 
member of the deep-water sedimentary sequence consisting of Triassic pelagic 
carbonates in the Balaton Highland (see Fig. 1). The formation is usually 
represented by brown, slightly marly limestone rich in fossils (brachiopods, 
crinoids, ammonites, pelecypods); in certain areas, however, it can be subdivided 
into members of locally changing thickness that are partly heteropic to each other 
(Fig. 2). The Felsőörs Limestone develops continuously from the Megyehegy 
Dolomite through bituminous dolomarl and also shows gradual transition 
towards the Buchenstein Formation with the appearance of volcanics in the upper 
part of the sequence.

Similarly to the two lithofacies, heteropic to it, the thickness of the formation 
changes horizontally (Figs 1 and 2), depending on when the dismembered 
carbonate platform started to subside in the given area. The Felsőörs Limestone 
could be deposited only on the areas where this process began during the 
Pelsonian, or possibly up to the Middle Illyrian, since volcanism initiated in the 
Late Illyrian produced the deposition of the Buchenstein Formation throughout 
the Balaton Highland.

The Buchenstein Formation consists predominantly of nodular, banked, often 
cherty, siliceous, frequently tuffaceous limestone, tuff and tuffite; subordinately, 
thin-layered limestone and dolomite also occur. The interrelated predominance of 
volcanics and carbonate varies strongly through the sequence; thus, the formation 
is characterized by lithological variability. As a generalization it can be said that 
volcanics occur in greater amounts in the lower and upper sections of the 
sequence; the nodular limestone predominates in the middle part of the formation 
(Nemesvámos Member, Fig. 3). Where the upper tuffaceous member is missing, 
the formation seems to be bipartite; this, however, is in most cases only apparent 
and can be traced back to the incomplete exposures of the area. It is an interesting, 
and so far unexplainable phenomenon that the presumably deepest-water facies 
of the Buchenstein Formation, the thin-layered posidonia-bearing limestone and 
tuffaceous radiolarite constituting the upper tuffaceous member, developed 
mainly in the areas (Vászoly-Örvényes environs) of the Anisian carbonate 
platforms.

Some rock varieties of the formation contain great amounts of fossils (crinoidal, 
ammonite-bearing limestone, limestone with posidonia and daonella, tuffaceous 
radiolarite). Their thicknesses hardly change in the area of the Balaton Highland 
(60 to 80 m on the average). Deposition lasted from the Upper Illyrian to the Late 
Ladinian.

Middle Triassicformations 2 2 1
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Fig. 2
Stratigraphic column of the Felsőőre Limestone Formation In some sections of the Balaton Highland (after J. Haas et al. 1986 and A. Vörös-T. 
Budai 1988 and 1989). 1. dolomite; 2. marly dolomite; 3. limestone; 4. marl; 5. tuff, tuffite; 6. intraclast; 7. crinoids; brachlopods; 8. chert; 
9. uncertain zone boundary. Mil: Member of the Felsóörs Formation; I. "Forráshegy Member"; II. "Horoghegy Member"; III. "Bocsár Member" 
(suggested terms)
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Fig. 3
Change ot predominance of volcanics and carbonate in the Ladinian-Lower Carnian sequence 
of the Balaton Highland, north (A) and south (B) of the Litér overthrust (after T. Budai and L. 
Dosztály 1990). 1. thin-laminated limestone; 2. limestone with marl intercalations; 3. nodular 
cherty limestone; 4. dolomite, cherty dolomite; 5. thick-bedded limestone; 6. tuff, tuffite; 7. 
tuffaceous limestone; 8. tuffaceous dolomite; ЬоТз -  Budaörs Dolomite Formation; ,иТз -  Füred 
Limestone Formation; ьТг -  Buchenstein Formation; Чг -  Felsőörs Limestone Formation; 'Тг -  
Tagyon Limestone Formation; тТг -  Megyehegy Dolomite Formation
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Transition between the Buchenstein and Füred Formations at Szentantalfa (T. Budai et al. 
1990). 1. limestone; 2. tuff; 3. tuf fite; 4. bentonitic clay with limestone nodules; 5. marl; 6. small 
nodular structure with limestone concretions; g: green, Ig: light-grey, p: purple, pg: purplish- 
grey, b: beige, y: yellow
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The youngest formation of the group, the light-grey, banked, nodular, slightly 
cherty Füred Limestone, also of basinal facies, develops by continuous transition 
from the Buchenstein Formation, with the gradual decrease of the volcanics 
(Fig. 4). Its thickness varies between 0 and 65 m; based on the latest conodont and 
radiolarian studies, its age is Lower Carnian (Budai and Dosztály 1990). The 
platform carbonate of the Budaörs Dolomite prograding from the NNE overlies 
the laterally thinning Füred Limestone (Budai 1991); where the latter is lacking, 
it directly covers the Buchenstein Formation (e.g. in the environs of Nemesvámos 
and Vöröstó). Over the greatest part of the Balaton Highland, the Füred Limestone 
is covered by the detrital Veszprém Marl of basinal facies (Fig. 5).

BALATON FÜRED 
S zók a-h itl

E

Veszprém

D Marl

Form ation

~ C ~

в в

Füred

L im estone

A Form ation

1 в  г *-

Flg. 5
Transition between the Füred Limestone and Veszprém Marl at the northern foothills of the 
Száka-hegy of Balatonfüred (T. Budai 1989): A -  light-grey, siliceous, fiasery, nodular 
limestone and marl with limestone lenses; В -  light-grey limestone with violet spots and with 
reddish-brown intraclasts and of micronodular bed surface; light-grey marl with limestone 
nodules; C -  dark-grey clay marl of foliated cleavage, with wedging strata and "chondrites" bed 
surface; E -  slope detritus; 1. Sirenites sp.; 2. Michelinoceras sp.
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Lombardy and the Dolomites

In dealing with the South Alpine 
sequences, it should be mentioned that, 
during the field trip, we were able to make 
very good use of the guide edited by M. 
Gaetani (1979).

Continuity is one of the common 
features of the Anisian sequence of the 
Balaton Highland and of Lombardy, in 
contrast to the Dolomites where, during 
the Early Anisian, intense erosion 
occurred (Richthofen Conglomerate, etc.).

The oldest lithofacies of the Middle 
Triassic in Lombardy is the Carniola di 
Bovegno, which is built up by well- 
stratified, porous dolomite and brecciated 
rauhwacke with drying cracks (Plate I, 
Photo 1).

The dark-grey, well-stratified, lami
nated, often bioturbated, nodular, marly,- 
flaser bedded Angolo Limestone overlying 
the Carniola di Baovegno is very similar 
to the Iszkahegy Limestone of the Balaton 
Highland (Plate I, Photo 2). Its thickness 
may be as great as 600 m. Its deposition 
also occurred during the Pelsonian, which 
is proven by the faunal assemblage of its 
uppermost member, the "brachiopod- 
bearing bank" (Cimego Lime- stone).

In the greater part of Lombardy, the 
Angolo Limestone is overlain by the 
Prezzo Limestone, and in the West directly 
by the platform carbonate Esino Lime
stone. The Prezzo Formation consists of 
the alternation of dark-grey banked, 
nodular limestone and of black marl (Plate 
II, photo 1). Its thickness varies between 
20 and 120 m, and is 50 to 60 m thick on 
the average. Its relatively rich ammonite

Fig. 6
Section  of the Braies Formation Group north of Dont. In the road cut towards the bridge of Ru 
S ec  (for description of Bivera Formation se e  Gaetani, M. ed. 1979 , p. 52). a. ripple mark; 
b. am m onite imprint; c. Daonella; d. crinoid; e. coalified plant remnant; t -  tectonic boundary
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Fig. 7
Classical section of the Caffaro-bed south of Bagolino, Lombardy (after P. Brack and H. Rieber 
1986, Fig. 5). 1. gradation; 2. chert nodule; 3. volcanociastite (argillite, siltstone, sandstone, 
crystal tuff); 4. marl; 5. limestone; Brb: brachlopod-containing bank (Cimego Limestone); xthe 
boundary between the Prezzo and Buchenstein Formation according to the author

fauna indicates an Illyrian age (see Fig. 7; Trinodosus Zone).
Contrasted with Lombardy, the Anisian sequence of the Dolomites is much more 

complex. Here a large-scale lateral facies change can be traced: in the west the 
Lower Anisian was an erosional period, as is indicated by the Richthofen 
Conglomerate overlying the areally differing basement by erosion unconformity
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(Plate II, Photo 2). To the east, parallel with the decrease of sedimentary gap, 
Anisian sedimentation tends to become continuous.

The Lower Serla Formation is built up by the alternation of dolomite with algal 
mats, drying cracks, bird's-eye structure and thin layers of intraformational breccia 
and gypsum-bearing strata. Its thickness varies between 60 and 125 m. Its overlying 
unit is the Upper Serla Formation or the Braies Group; its age is Lower Anisian.

The Upper Serla Formation is made up predominantly of white, thick-banked, 
poorly stratified biocalcarenite which is characterized by algae (Dasycladaceae: 
Physoporella, Teutloporella), pelecypods, foraminifera, pellets and intraclasts. Its 
environment of formation could be a lagoon with strong water motion (Farabegoli 
and Guasti 1980); its age is Pelsonian-Illyrian.

The transgressive sequence of the Braies Group of predominantly detrital 
character overlying the Lower Serla Formation (Frassené Dolomite) can be studied 
in a relatively good exposure north of Dont, in the road cut between the village 
and the bridge of Ru Sec (Fig. 6), though the boundary between some stratigraphic 
units seems to be tectonic.

The shallow marine platform carbonate of the Contrin Formation is heteropic 
with the Middle-Upper Anisian Braies Formation of basinal facies. The biomicrite 
and biosparite of fenestral structure are characteristic microfacies of the 
thick-banked, grey limestone. It is of Upper Illyrian age, but can locally extend to 
the Carnian.

In Lombardy and in the Dolomites, the Ladinian is built up essentially by similar 
lithofacies. The carbonate platforms developed during the Anisian were 
prograding and occupied greater and greater areas both in Lombardy (Esino 
Limestone) and in the Dolomites (Schiern Dolomite, Marmolata Limestone).

Contemporaneously, in the basinal areas the deposition of nodular cherty 
limestone and radiolarite proceeded during the Lower Ladinian, which was 
interrupted during certain periods by tuff explosions (Buchenstein Group). As a 
result of magmatism which tended to be more intense in the Upper Ladinian, 
volcanics spread over a part of the carbonate plateaus, arresting their growth. 
Erosion, which started in the uplifted areas, resulted in the partial filling of the 
subsiding basins by volcanoclastic sediments and the deposition of conglomerate, 
sandstone, aleurolite and marl (Wengen Group). The end of volcanism at the 
beginning of the Carnian favoured again the progradation of carbonate platforms 
in Lombardy (Breno Formation, Esino Limestone) as well as in the Dolomites 
(Schiern Dolomite, Dürrenstein Dolomite). Simultaneously, the filling of the 
preserved smaller basins continued, but with only subordinate volcanoclastics 
(Gorno Formation, Cassian Formation).

One of the best Lombardian outcrops of the Ladinian sequence overlying the 
Prezzo Limestone can be studied south of Bagolino, in the bed of the Caffaro river 
(Fig. 7). The black, marly limestone of the Prezzo Formation becomes nodular 
upwards, and this is accompanied by the gradual disappearance of marly 
intercalations; then the first tuff intercalations between the tuffaceous, greenish- 
light-grey limestone banks occur. Brack and Rieber (1986, p. 187 and Fig. 5)

2 2 8  T. Budai
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assigned these latter strata to the Prezzo 
Formation and drew the boundary of the 
Buchenstein Formation at the base of the 
overlying, compact nodular limestone, 
and noted that the boundary is linked 
"traditionally" to the appearance of the 
chert lenses (according to our literature 
data, however, the base of the first tuff 
horizon is the traditional boundary). 
Greater amounts of volcanics occur in the 
lower and upper sections of the forma
tion, as well as within the nodular, banked 
limestone (middle member). Its thickness 
varies between 30 and 50 m; its age is 
Lower Ladinian (Brack and Rieber 1986).

The Wengen Formation develops from 
the Buchenstein Formation with the 
alternation of greenish-grey tuff-sand
stone, tuffaceous limestone and dark-grey 
marl. The greater part of the formation is 
built up by well-stratified, thin-layered 
siltstone, argillite and marl. Lenticularity, 
graded and cross-bedding, slumps and 
bioturbation are characteristic of it. It 
often contains plant remnants and 
Daonella imprints. Its thickness is of 
about 200 m.

The transition between the Wengen 
Formation and the overlying Esino Lime
stone can be studied in the Annunciata 
section (Fig. 8). In the road cut south of 
the monastery, the dark-grey, well-strati
fied silty marl with sandstone lenses 
becomes massive upwards, and is re
placed, after a small unexplored section, 
by dark-grey, then lighter, poorly strati
fied, banked to thick-banked biogenic 
limestone. Within the Esino Formation, 
above this part the alternation of subtidal, 
banked, algal and intertidal thin-layered 
limestone with bird's-eye structure can be 
observed.

The Buchenstein sequence overlying 
the different Anisian lithofacies (Contrin

U

Fig. 8
Transition between the Wengen and Esino 
Formations in the Lombardian Annunciata 
section (after Gaetani et al. 1979, p.17, 
Fig. 90). 1. onkoid, alga, sponge, 2. coral, 
gastropods, pelecypods; 3. terrigeneous 
detritus lenses, intraformational breccia; 
4. slump, syndlagenetic deformation; 5. 
banked limestone; 6. siltstone; 7. marly 
siltstone; 8. marl; 9. marly limestone; 
10. sandstone
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Formation, Serla Formation, Ambata Formation) is much more variegated and 
thicker in its type locality in the Dolomites than in Lombardy, and especially than 
in the Balaton Highland. According to Viel (1979), the Buchenstein and Wengen 
strata -  known for a long time (Richthofen 1860) -  are units to be treated as groups, 
and within which several formations can be distinguished (Fig. 9).

The Livinallongo Formation is the oldest unit of the Buchenstein Group. Its 
suggested stratotype (Baccelle 1972) is the road cut between Colle di S. Lucia and 
Caprile (see Fig. 9). From base to top, the following members can be distinguished 
within the formation:

-  Plattenkalke: bituminous, dark-grey dolomitic limestone and marl which, 
together with the breccia deriving from volcanoclastics and from the underlying 
material, overlies the Contrin Formation. The graded sediment was deposited in 
an anoxic lagoon; its thickness is about 20-30 m.

D O L O M I T E S BALATO N-  HI GHLAND

St. C a s s ia n i F.

CARNIAN

ANISIAN

Fig. 9
The Ladinian llthostratlgtraphlc units of the Dolomites and of the Balaton Highland and the key 
section of the Livinallongo Formation (after G. Viel 1979, Fig. 2 and Fig. 6). 1. breccia:
2. thin-bedded dolomite and limestone; 3. nodular limestone; 4. radiolarite; 5. chert nodule; 
6. tuff; hyaloclastite, tuffite with limestone lenses; 7. siltstone; 8. sandstone; 9. gravel, 
conglomerate; 10. marl
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-  Knollenkalke: it is built up mostly by the alternation of nodular, siliceous, 
grey limestone and of fine-grained green tuff and tuffaceous marl. In the type 
section its thickness is of about 50 m, but may be as thick as 150 m as well. It was 
deposited on the subsiding pelagic shelf.

-  Bänderkalke: it consists of dark-grey, green, laminated, tuffite, green sandy 
tuffite, calcilutite, radiolarite. Towards the overlying layer the sequence becomes 
a typical turbidite structure by means of the appearance of graded sandstones; its 
thickness is 35-40 m, max 75-80 m.

The formation overlaying the Livinallongo Formation, the Zoppé Sandstone, is 
unexplored in the road cut. It is usually a turbidite consisting of grey tuff 
sandstone and pelite, in which some radiolaritic micritic limestone layers of several 
centimeters thickness are intercalated. Its average thickness is 200 to 300 m.

The Acquatona Formation is the youngest member of the Buchenstein Group 
and is lithologically very similar to the Bänderkalke. It is a well-stratified, 
laminated radiolaritic micritic limestone, with green and dark-grey siliceous 
tuffite, rarely with intercalated nodular limestone.

The Fernazza Hyaloclastite is the oldest member of the Wengen Group and 
consists for the most part of grayish-green hyaloclastite and tuffite. Further lava 
flows and coarse-detrital horizons of chaotic structure can be observed in it. Its 
average thickness is about 200 m.

The overlying La Valle Formation (the former Wengen Formation s. str.) can be 
subdivided into two members:

-  lower member (Civetta Paraconglomerate): gravelly sandstone with polymict 
volcanoclasts and lava flows;

-  upper member (Longiarin Sandstone): grey sandstone and pelite, similar to 
the Zoppé Sandstone.

The Auronzo Formation is the youngest unit of the Wengen Group and consists 
of alternations of marl-clay-marl-limestone and of siltstone-sandstone. Its average 
thickness is 100 to 140 m. In the major part of the Dolomites, the detrital Cassian 
Formation of basinal facies develops continuously from the Wengen Group by the 
gradual missing out of the volcanoclasts. In the close environment of the 
Ladinian-Lower Carnian carbonate platforms, megabreccias can be frequently 
observed within both sequences (Cipit Limestone). At the same time, in the 
interfingering zones, the younger units of the basin facies sequence are often 
missing beneath the base of the prograding Schiern Dolomite (see Bosellini and 
Ferri, in Gaetani ed. 1979, pp. 56-58).

Correlation, problems of terminology

Having introduced the Middle Triassic sequences of the regions, let us now 
proceed to compare the corresponding lithostratigraphic units, in order to 
determine the degree of relationship and the paleogeographic connections. Based 
on our experiences in the Southern Alps and on published data, it would appear
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that the Anisian sequence of the Balaton Highland is similar to that in most of 
Lombardy, while the Ladinian differs in both areas.

The Lombardian Carniola di Bovegno is essentially of the same lithofacies and 
stratigraphic position as the Aszófő Dolomite; both are hypersaline shabkha 
sediments lying between the Lower Triassic detrital formation group and the 
Lower Anisian bituminous limestone (Angolo and Iszkahegy Formations). Only 
the thicknesses show some differences, since the greatest thickness of the Carniola 
di Bovegno (about 90 m) is only the half of that of the Aszófő Dolomite.

The Iszkahegy and Angolo Limestones were deposited in practically the same 
environment, a lagoon which periodically became anoxic. In addition to the 
remarkable similarity, the following differences should be mentioned:

-  In opposition the Iszkahegy Limestone, the deposition of the Angolo 
Limestone also continued during the Pelsonian. This is proven by the typical 
brachiopod assemblage of its upper member (Cimego Limestone), which is 
characteristic of the "Horoghegy Member" (=Recoaro limestone) of the Felsőörs 
Limestone in the Balaton Highland.

-  The thickness of the Angolo Limestone (max 600 m) may be double of that of 
the Iszkahegy Limestone, also indicating a longer period of formation.

-  In the absence of reliable age data, the heteropic facies of the Iszkahegy 
Limestone is unknown (possibly the lower part of the Megyehegy Dolomite is 
such a facies). On the other hand, contemporaneously with the deposition of the 
Angolo Limestone, the first isolated carbonate plateaus developed in Lombardy 
(Camorelli Limestone, Dosso dei Morti Limestone, etc.), which show close facial 
relationship to the Tagyon Limestone.

Lithologically the Prezzo Limestone is for the most part comparable with the 
marly-, flaser bedded variety of the Felsőörs Limestone (''Forráshegy Member"). 
Its appearance, together with that of the Angolo Limestone, is very similar to 
sections on the Balaton Highland, where the Megyehegy Dolomite just developed 
between the Iszkahegy and Felsőörs Limestones (e.g. in the environs of 
Balatoncsicsó or Veszprémfajsz).

In the Lower Anisian sequence of the Dolomites, the gaps and erosion periods, 
as well as the resulting sediments, are quite conspicuous (e.g. Richthofen 
Conglomerate) and have no analogues in the Balaton Highland. Due to its 
stratigraphic position and lithological character, the Lower Serla Formation can 
be compared with the Aszófő Dolomite, while the Upper Serla Formation can be 
roughly correlated with the Megyehegy Dolomite. At the same time, the Middle 
to Upper Anisian sequences of detrital character in the Dolomites, and of 
predominantly carbonates in the Balaton Highland, can be hardly correlated, 
although the marly-flasery limestone constituting the upper member of the Dont 
Formation, and the overlying, well-stratified group consisting of alternations of 
siltstone-marl-limestone, display some similarity with the Felsőörs Formation of 
the same stratigraphic position. The lithofacies and characteristic fossil assemblage 
of the Contrin Formation which is heteropic to the Braies Group, corresponds to 
the Tagyon Limestone, even though it reaches the Carnian in the platform areas
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where no volcanics were deposited in the Ladinian. Consequently, its thickness 
and lateral extension is considerably greater than the Illyrian Tagyon Limestone 
in the Balaton Highland.

In contrast to the Anisian, hardly any differences can be observed between the 
Ladinian lithofacies of the Dolomites and those of Lombardy, although volcanism 
proved to be more intense in the Dolomites. The Ladinian sequence of the Balaton 
Highland and that of the Southern Alps generally differ from each other, but the 
greatest difference is shown in relation to the Dolomites (Fig. 9):

-  The Ladinian sequence of the Balaton Highland is considerably thinner, i.e. 
about one tenth of that of the Dolomites.

-  Its lithological buildup is much more simple, since the only formation of the 
two groups distinguished in the Dolomites (Buchenstein and Wengen) 
corresponds to the complete Ladinian sequence of the Balaton Highland. The 
Livinallongo Formation corresponds essentially to the Buchenstein Formation of 
the Balaton Highland; moreover, some members can be fairly well correlated with 
each other in spite of the obvious difference in their age (Budai 1988; Budai and 
Dosztály 1990):

-  Plattenkalk = lower tuffaceous member (Vászoly M.)
-  Knollenkalk = Tridentinus limestone (Nemesvámos M.)
-  Bänderkalk = Posidona limestone (Keresztfatető M.)
It should be noted that the Plattenkalk displays large-scale lithostratigraphic 

similarity to the thin-layered, dark-grey (tuffaceous) limestone constituting the 
upper section of the Felsőörs Limestone.

No analogues of the younger units of the Buchenstein Group and of the Wengen 
Group are found in the Balaton Highland s. str. Nevertheless, northeast of it, the 
dark-grey tuff sandstone with plant remnants of the Várpalota-Bakonykút basin 
(Raincsák 1980; Budai et al. 1985) can be correlated with one of the formations of 
the Wengen Group.

Having performed the lithostratigraphic comparison of each area we can now 
return to the problem which was outlined in the introduction in relation with the 
application of foreign terms. J. Böckh (1874, p. 67) correlated the "Tridentinus 
limestone" with the Buchenstein strata (obviously on the basis of the conspicuous 
lithological similarity). Subsequent authors (Laczkó 1911; Lóczy 1913) restricted 
the Buchenstein category to the lower part of the Ladinian sequence, to the "pietra 
verde". They correlated the nodular cherty Tridentinus limestone (as well as the 
Füred Limestone which has no analogue in the Southern Alps) with the Wengen 
strata of differing lithofacies, but taking into account the similarity in age. Thanks 
to subsequent research, the interpretation of the "Buchenstein" conception 
underwent a considerable change (Szabó 1972), but the terms introduced 
originally in a lithostratigraphic sense were also used in a chronostratigraphic 
meaning, even recently (Balogh 1980). Taking all these facts into consideration, 
upon completion of the mapping of the Balaton Highland, the viewpoint 
developed that
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-  the lithofacies corresponding to the Wengen Group did not develop in this 
region (or was replaced by others), so the use of this term is not justified;

-  the application of the term Buchenstein as formation name can be accepted 
in spite of the differences as compared to the Dolomites, in the case when the 
definition of the stratigraphic unit contains the suitable interpretation and 
verification of the use of the term.

Several contrary opinions were formulated in relation to the Buchenstein Group 
in the Triassic lithostratigraphic system of the Balaton Highland (Budai 1988; Budai 
and Dosztály 1990). Most of them object to the extension of the Buchenstein 
concept downwards, i.e. towards the Felsőörs Limestone, due to the fact that it 
does not extend to the Anisian basin facies in the Southern Alps. This argument 
is correct, but it is also a fact that there exists an independent unit distinguished 
as a separated Upper Anisian formation (Ambata Formation), although it hardly 
differs from the lower Plattenkalk member of the Livinallongo Formation (see 
Farabegoli and Levanti 1982).

234 T. Budai

Conclusions

Anisian

The Anisian sequence of the Balaton Highland and of Lombardy display 
large-scale similarity, their most important common features being:

— the continuity of the sedimentary sequence, the lack of gaps and of the coarse 
detrital formations;

— as compared to the Dolomites, the relative lateral facies stability on the 
smoother surface;

-  the very similar history of evolution of the two synclines, within which at 
least temporal displacements can be recognized.

On the other hand, the following is characteristic of the Dolomites:
— hiatus and the formation of coarse detritus;
-  the detrital character which occurs throughout the strata column of the basins;
-  the dynamic evolution and strongly tectonized basement of the syncline.

Ladinian

Between the Ladinian sequences of the Balaton Highland and of the Southern 
Alps the following differences must be emphasized:

— volcanism proved to be more intense in the Southern Alps;
-  in the Balaton Highland, the entire Ladinian is probably represented by 

condensed sediments of pelagic basins, while the formations of the South 
Alpine basins are essentially more varied and thicker (the appearance of the 
red limestone of the Balaton Highland may relate to transition to the 
Schreyeralm eupelagic facies region);
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Plate I

1 — Lower Anisian cellular brecciated grauwacke (C arniola di Bovegno) on the Passo di
Croce Domini (photo by G. Csillag and Mrs. L. Pellérdy)

2 — Exposure of the Angolo Limestone south of th e  A nnunciata monastery (photo by
G. Csillag and Mrs. L. Pellérdy)

Plate II

1 — Strata of the Prezzo Limestone in the bed of river Caffaro, at Bagolino (photo by
G. Csillag and Mrs. L. Pellérdy)

2 — Richthofen Conglom erate overlying the Seisian stra ta  w ith erosional unconform ity,
Cordevole valley (photo by T Budai and Mrs. L. Pellérdy)
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-  the discordant relief developed during the Anisian became smooth in the 
Balaton Highland, while the syndine in the Southern Alps developed 
dynamically further on.
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Middle Triassic history of the Balaton Highland: 
extensional tectonics and basin evolution
Tamás Budai Attila Vörös
Hungarian Geological Survey Hungarian Natural History Museum
Budapest Budapest

In the Balaton Highland, sharp lateral facies differentiation can be observed on the shelf which had 
been uniformly developing from the Upper Permian to the Middle Anisian. The carbonate platform 
which developed up to the Pelsonian (Megyehegy Dolomite), disintegrated along NW-SE trending 
lines. Subsequently, basin sediments were deposited (Felsőörs Formation) in the subsided areas of the 
platform, while on those remaining in an uplifted position, shallow marine carbonate sedimentation 
continued (Megyehegy Dolomite, Tagyon Limestone).

Based on analogies to the Middle Triassic of the Southern Alps and to the Jurassic of the Bakony 
Mountains, the facies differentiation occurring during the Pelsonian could have been generated by 
synsedimentary block tectonics; this is proven by characteristic sediments and sedimentary structures, 
and by submarine expansion fissures, in addition to the sudden and large-scale lateral and vertical 
facies changes (see Galácz and Vörös, 1972, Bechstädt et al. 1978).

Key words: Middle Triassic, evolution, facies differentiation, synsedimentary block tectonics

Introduction

Field geological mapping of the Balaton Highland since 1982, as well as the 
investigation of outcrops and borehole profiles of key section value, provide 
reliable data for the reconstruction of the Triassic evolution of the area. As far as 
the Lower and Upper Triassic are concerned, detailed and comprehensive works 
were prepared in recent years (Haas et al. 1988; Broglio et al. 1989; Haas 1989; etc.), 
while the Hungarian geological literature has dealt with the Middle Triassic basin 
evolution only per tangentem (Cros and Szabó 1984; Galácz et al. 1985). Attempts 
are being made to fill this gap, partly on the basis of mapping results, partly by 
analogy of Middle Triassic evolution of the Southern Alps and of the Jurassic of 
the Bakony Mountains -  though only on the level of discussion of the problems.

Among the events occurring in the Middle Triassic the following are believed 
to be significant:

-  the disintegration of the formerly (from the Permian to the Early Anisian) 
uniform sedimentary shelf area in the Middle Anisian (facies differentiation);

-  Late Anisian Ladinian volcanism.
In analyzing the phenomena, the following problems were dealt with:
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-  H ow do the heteropic facies join each other and how do their thickness vary 
laterally?

-  What are the vertical facies transitions (sudden or continuous)?
-  Are there sediments or structures that can be used in the analysis of basin 

evolution (angular unconformity, synsedimentary breccia, mud flow structures, 
submarine fissure fillings, etc.)?

Based on the analyses, an attempt is made to answer the questions below:
1) What was the geological event that initiated the disintegration of the shelf 

in the early Pelsonian and the volcanism in the late Illyrian?
2) Is there a relationship between the two temporally subsequent processes?

Evolution

In the whole area of the Balaton Highland, uniform sedimentation continued 
up to the Middle Anisian on the wide shelf which had developed at the beginning 
of the Early Triassic. The terrigeneous clastic input, characteristic of the Lower 
Triassic, practically ceased at the end of the Scythian, and the deposition of shallow 
marine carbonates began.

It has been commonly accepted that the Aszófő Dolomite and the overlying 
Iszkahegy Limestone can be traced without changes in thickness along the strike 
of the Balaton Highland. It can be concluded that the initially hypersaline, later 
anoxic and finally better oxygenated Lower Anisian lagoon subsided uniformly 
and continuously; its bottom was characterized by a more or less smooth 
morphology.

The Megyehegy Dolomite is the oldest Middle Triassic lithofacies, the thickness 
of which shows considerable lateral changes (from 10 to 270 m). Previous authors 
(Lóczy 1913, pp. 75 and 78; Szabó 1972, p. 40) pointed out the substitution of the 
M egyehegy Dolomite by the under- and overlying formations. A question which 
has remained unsolved in the areas where the Megyehegy Dolomite is unusually 
thin (e.g. Balatoncsicsó, or the environs of Szentbékkálla or Veszprémfajsz), is 
whether the formation of the Iszkahegy Limestone lasted longer, or whether the 
overlying Felsőörs Limestone started to develop earlier than in other regions of 
the Balaton Highland. In the area in question, the solution of the problem is 
encumbered by the conditions below:

-  Compared to the Megyehegy Dolomite itself, no reliable data are available on 
the thickness either of the underlying or the overlying formations (partly due to 
the incomplete exposures, partly due to tectonics). Moreover, the change of 
thickness of the formations in itself is insufficient to draw unambiguous 
conclusions on the early or late formation of the basin (only on the areally different 
intensity of its subsidence, at most).

-  Unfortunately, it was just in these areas that the detailed sampling by layer 
of the Felsőörs Limestone was neglected, although it would have been useful in 
the biostratigraphic evaluation of the ammonite fauna. At the same time, for lack 
of fossils proving contemporaneity, the heteropic relationship of the Megyehegy

238 T. Budai, A. Vörös

Acta Geologica Hungarica



Middle Triassk history 2 3 9

Dolomite to the Iszkahegy Limestone cannot be excluded, and for the same reason 
cannot be unambiguously defined towards the Felsőőre Limestone either.

The alternatives to explain the presence of the thin Megyehegy Dolomite are 
depicted in Fig. 1:

a) In certain, more rapidly subsiding areas of the Lower Anisian lagoon, the 
formation of the carbonate platform began relatively later and reached only the 
initial state.

b) Some parts of the carbonate platform, developed contemporaneously on the 
uniform surface, began to subside earlier than their surroundings, and here the 
deposition of basin sediments started relatively earlier (Felsőőre Limestone).

c) The combination of cases a) and b) may suggest that the Middle Anisian 
basins developed only in the areas which subsided intensely during the Early 
Anisian.

Fig. 1
Models for the relationships between the Lower and Middle Anisian lithofacies. 1. lagoon 
(Iszkahegy Limestone); 2. poorly developed carbonate platform (Megyehegy Dolomite); 
3. Intrashelf basin (Felsőörs Limestone)

As the heteropic relationship of the thin Megyehegy Dolomite with the 
Iszkahegy Limestone is as uncertain as it is sure between the extremely thick 
Megyehegy Dolomite and the Tagyon Limestone, and the Felsőörs Limestone, 
respectively. Based on the ammonite investigations carried out in the course of 
the mapping program, in different regions of the Balaton Highland the Anisian 
basin developed in different times (Fig. 2); anything older than Pelsonian is 
unknown so far, and only by the end of the Illyrian had the deposition of basin 
sediments started in all areas. Unlike the Felsőőre Limestone, the Megyehegy 
Dolomite and Tagyon Limestone do not contain type fossils, so the upper 
boundary of their deposition can be only indirectly determined (see Figs 4 and 
5). The trend of lateral thickness of the formations, however, shows that the 
Anisian platform carbonates are thickest where volcanics directly overlie them. 
On the assumption of uniform sedimentation, it can be concluded that in the
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Paleogeographic conditions of the carbonate platform and of the basin during the Middle- Upper Anisian. 1. Iszkahegy Limestone; 
2. Megyehegy Dolomite; 3. Tagyon Limestone; 4. Felsőőre Limestone; 5. Buchenstein Formation
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Fig. 3
Structure and evolution of the carbonate platform developed In the central part of the Balaton 
Highland. 1. Aszófő Dolomite; 2. Iszkahegy Limestone; 3. Megyehegy Dolomite; 4 -5 . Felsőörs 
Limestone: 4. ammonitlc laminated limestone; 5. brachiopodal intraclastlc limestone (slump); 
6. Tagyon Limestone; 7-10. Buchenstein Formation: 7. crlnoidal, ammonitic limestone, 
dolomite; 8. tuff, tuffite (pietra verde); 9. "Vászoly Limestone"; 10. "Nemesvámos Limestone"
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given areas of the Balaton Highland, the shallow marine carbonates (Megyehegy 
Dolomite and Tagyon Limestone) were deposited partly contemporaneously with 
the Felsőörs Limestone (Fig. 2).

We believe that the Lofer-cyclic, peritidal facies of the Tagyon Limestone 
developed only over certain parts of the disintegrated Megyehegy platform, where 
it was in an uplifted position (Fig. 3). Based on its microfacies and characteristic 
fossil assemblage (Oravecz-Scheffer 1980), one may assume the presence of poorly 
developed reefs which could have separated the lagoons within the platform from 
the open shelf.

Contemporaneously with the volcanism starting in the Upper Illyrian, the 
uniform Buchenstein basin developed in the entire region of the Balaton 
Highland; in this basin, the smoothing of the dissected morphology of the 
basement surface began. At the beginning, different sediments were deposited in 
the different parts of the basin (Figs 3 and 4). In the deeper areas, relatively thick 
tuff was deposited, while in the former platform areas of uplifted position, the 
thin tuff layers alternate with crinoidal and brachiopod-bearing limestones 
(occasionally dolomites). Finally, but for a short time only, an independent 
carbonate body also developed (Vászoly Limestone). Nevertheless, the widespread 
occurrence of the nodular cherty limestones (Nemesvámos Limestone) in the 
overlying strata indicates that, as a result of the subsequent subsidence, a basin 
with a smooth basement surface developed, which persisted more or less 
uniformly in the whole Balaton Highland up to the Late Ladinian. The deposition 
of pelagic basinal limestones continued in large areas also during the Lower 
Carnian (Füred Limestone), while north and northeast of the Balaton Highland 
s.str., platform carbonate is found in the overlying strata of the Ladinian volcanics 
(Budaörs Dolomite).

2 4 2  T. Budai, A. Vörös

Extensional tectonics

Having outlined the Middle Triassic basin evolution of the Balaton Highland, 
we now attempt to answer the question of what geological processes (of general 
validity) could have generated its main phases. To solve this problem, i.e. to 
interpret the phenomena, several paleogeographical analogies are available. The 
closest correlations appear to be the Middle Triassic of the Southern Alps and the 
Jurassic of the Bakony Mountains. This is why the two comprehensive "case 
studies" published on these regions (Bechstädt et al. 1978; Galácz and Vörös 1972) 
were taken into account.

Fi g.  4  —
Lower Buchenstein sediments deposited on basements of different orography, on carbonate 
platform(a), and in basin (b) (after Budai 1988, Vörös and Pálfy 1989). 1. limestone with chert 
nodules; 2. limestone, lime-marl; 3. tuff, tuffite; 4. cemented tuffite; 5. crystal tuff; 6. bentonitic 
clay with limestone detritus; 7. siliceous tuffite, radiolarite; 8. volcanoclastite; 9. lime 
concretion; 10. dolomite; 11. ammonites; brachiopods; 12a. formation boundary; 12b. zone 
boundary; 1,2, ...111: bed number
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VÁSZOLY, Öreg hill FELSÓÖRS, Forrás hill
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Unfortunately, the criteria and diagnostic phenomena and facies listed in the 
papers above are difficult and sometimes impossible to recognize in the Middle 
Triassic of the Balaton Highland. In the areas of extremely good exposures of the 
Southern Alps, the facies relationships can be traced both horizontally and 
vertically, and sometimes be studied like profiles. In spite of the local erosion and 
of the poor outcrops, the Jurassic of the Bakony Mountains preserved, essentially 
without disturbances, the conditions of that time: the detailed geological map can 
be used as a paleogeographical map.

On the contrary, the Middle Triassic of the Balaton Highland provides only a 
limited amount of information that could be used to paleogeographic 
reconstructions. Due to the insufficient exposures the diagnostic sedimentological 
features can be rarely observed and to draw a reliable paleogeographic picture is 
hampered by the fact that the facies relationships can be traced only in a narrow 
strip along the strike. In spite of these difficulties, in the course of our studies 
many criteria and diagnostic features listed in the works mentioned above could 
be recognized in the Middle Triassic of the Balaton Highland.

According to Bechstädt et al. (1978), the main factor of facies differentiation 
developing on the previously uniform carbonate platform (in addition to the 
eustatic sea level changes) are synsedimentary tectonics, which are defined, among 
other things, by sharp facies changes. The marginal parts of the shallow marine 
platform collapse along normal faults to depths where sedimentation processes 
differ considerably from those before. This kind of sudden facies change can be 
observed in several localities in the platform areas of the Balaton Highland, where 
the Tagyon Limestone (e.g. in Szentantalfa) and the Megyehegy Dolomite (e.g. in 
the Balatonudvari environs) is overlain, with a sharp boundary, by the crinoidal, 
brachiopod-bearing, tuffaceous and ammonite-bearing limestone of the Buchen
stein Formation (Fig. 5).

Again according to Bechstädt et al. (1978), in addition to the sharp vertical and 
lateral facies changes, the following sedimentary structural features and sediments 
indicate a tectonic event:

-  submarine extension fissures,
-  angular unconformities,
-  breccia and conglomerates,
-  graded sediments,
-  slump fold structures and olistoliths.
The direct contact of the carbonate platform and of the overlying formatons is 

poorly documented in the Balaton Highland; thus, expansion fissures are known 
only from one locality (Fig. 6). In the section of 54—60 m of the Dörgicse Drt-1 
borehole, vertical fissures filled with the material of the overlying sediments can 
be observed in the "Vászoly Limestone" (Budai et al. 1990a): deeper in the borehole, 
the ammonite-bearing limestone overlies the Tagyon Limestone with a sharp 
boundary. This is due to the multi-step downthrow of the carbonate platform 
towards the basin.

2 4 4  T. Budai, A. Vörös
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Fig. 5
A) The exposure of the Buchenstein 
Formation overlying the Tagyon 
Limestone at Szentantalfa; B) The sharp 
boundary between the algal and 
ammonitic limestone within layer No.5 
(photo by Mrs. Pellérdy). 1. brachlopods;
2. echinoderms; 3. céphalopode;
4. gastropods; 5. algae 6. fenestral 
structures
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Fig. 6
a) Stratigraphical column of the Buchenstein Formation in borehole Dörgicse Drt-1. (for legend 
see Figs 4 and 5), b) Extensional fissure in the Vászoly Limestone, filled with material from the 
overlying unit; between 54 and 60 m
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Angular unconformity, proving the tilting motion of the blocks of the 
disintegrating carbonate platform, was not measured directly anywhere in the 
Balaton Highland. The tilting of a greater areal unit may be indicated by the fact 
that the thickness of the Felsőőre Limestone increases from 0 to 150 m from the 
Megyehegy of Vörösberény to Aszófő (within a distance of about 20 km). This, 
however, means a very small (less than half degree) angular deviation between 
the top of the Megyehegy Dolomite and basal plane of the Buchenstein Formation. 
However, it can also be assumed that this is a pseudo-dip, i.e. the axis of tilting 
is not perpendicular to the strike of the section above.

The material from beds 35 and 22-27 of the Aszófő section can be qualified as 
synsedimentary breccia, in which mud-pebbles of several centimetres grain size 
(intraclasts) are the products of redeposition within the basin (see Lelkes 1988).

Disregarding the gradation of the Buchenstein tuffs, graded sediments were 
observed only in the higher parts of the Aszófő section. Here, within the thin 
layers or lamellae of the bituminous limestone, the size of biogenic shell fragments 
show an upward-decreasing tendency.

Submarine slump-fold structures could be observed in larger exposures. The 
fold in the "Recoaro-type" limestone of the Aszófő section can be ascribed with 
great certainty to such an origin; in the case of the fold in the Buchenstein tuff 
of the Felsőőre section, this possibility cannot be excluded, either. Olistoliths are 
unknown so far in the Middle Triassic of the Balaton Highland. According to the 
Jurassic paleogeographic model of the Bakony Mountains of Galácz and Vörös 
(1972), as a result of tensional tectonics, the Upper Triassic-Lower Hettangian, 
superthick "Dachstein-type" carbonate platform disintegrated into blocks during 
the early Jurassic. In the vertically strongly dissected submarine basement, 
platform-like sedimentation could not continue; instead, in the deeper areas, 
continuous basinal sediments (ammonitico rosso, cherty limestone with sponge 
spicules, crinoidal limestone) were deposited. On the submarine ridges of higher 
position, neptunian dykes and incomplete yet pelagic sequences were formed. In 
the transitional zone between the two basement morphological units, 
synsedimentary breccia and Hierlatz limestone were deposited.

In spite of the existing differences, a close analogy can be recognized between 
the corresponding lithofacies of the Middle Triassic of the Balaton Highland and 
of the Jurassic of the Bakony Mountains:

-  Megyehegy + Tagyon Formation = Dachstein + Kardosrét Formation (subtidal 
platform facies). Contrasted with the Upper Triassic-Lower Liassic of the Bakony 
Mountains, in the Anisian of the Balaton Highland an unbroken carbonate 
platform could persist only for a short time; thus, its thickness is less by an order 
of magnitude. This phenomenon also explains why traces of block tectonics (e.g. 
neptunian dykes) of Middle Triassic age can hardly be recognized. The height of 
the steep rocky slopes developed along the fault zones might also have been much 
less; thus, true "scarp breccia" (if any were generated) have not yet been found.
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-  "Recoaro" limestone =  Hierlatz limestone. These sediments consist mainly of 
brachiopod shells accumulated at the base of the former steep rocky slopes (Vörös 
1991). Investigation carried out in the Liassic of the Bakony Mountains (Vörös
1986) and in the Anisian of the Balaton Highland (Pálfy 1986), both indicate the 
fact that the disintegration, of the brachiopod shells shows an increasing tendency 
towards the centres of the former basins.

-  Lower Buchenstein crinoidal, ammonite-bearing limestone = Liassic crinoidal 
limestone. These are sediments of the marginal parts of basinal areas, the material 
of which consists of fine-grained shell fragments, and was transported over a 
relatively short distance.

-  "Nemesvámos" Limestone =  ammonitico rosso + cherty limestone. Sediments which 
were deposited in the internal regions of the basins, the red colour of which may 
be due to aerated, oxygenated conditions (and to relatively small amounts of 
organic matter within them). Its characteristic nodular structure is due to 
bioturbation and to irregular cementation, while the cherty character is caused 
by diagenetic dissolution and reprecipitation of the material of siliceous shells 
(sponge spicules and radiolarians).

Based on the close analogies and on the comparison with the case studies above, 
it appears certain that the basic features of the Middle Triassic basin evolution of 
the Balaton Highland were controlled by tensional tectonic movements. 
Nevertheless, the intensity of motion, and the dissection of the generated basin 
system, could have been much less than in the Middle Triassic of the Southern 
Alps or in the Jurassic of the Bakony Mountains.

The plate tectonic interpretation and the relationship between tectonics and 
volcanism form an other area of problems. Here, of course, only the analogy of 
the Middle Triassic of the Southern Alps is valid. The genetic interrelation of the 
two events is beyond argument in the Southern Alps, but it has been debated that 
these could be connected to rifting (Bechstädt et al. 1978, Doglioni 1987), or to 
back-arc basin formation (Pisa et al. 1980, Castellarin et al. 1980, 1981, 1985). 
Geochemical data favour the latter possibility, but all other geological 
observations, and the complex evaluation of the Tethyan realm, suggest the rifting 
mechanism. The events and the weak tuff production in the Balaton Highland 
are modest and remote heralds of large-scale Alpine events; thus, no decisive data 
can be submitted to solve the fundamental problems. It can be stated, however, 
that the disintegration of the crust, the formation of Anisian basins and the 
volcanic episode in the Balaton Highland are the contemporaneous products of 
a large-scale, extensional tectonic event.
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Calcareous Nannoplankton stratigraphy of 
Lower Cretaceous formations in the Gerecse 
Mountains
László Félegyházy András Nagymarosy
Eötvös Loránd University, Eötvös Loránd Unmersity,
Department of General and Historical Geology, Department of General and Historical Geology, 
Budapest Budapest

Based on nannoplankton stratigraphic investigations, the age of the Bersek Marl Formation of the 
Lábatlan quarry, Gerecse Mountains, is Aptian to Lower Albian. The rocks of the Lábatlan Sandstone 
Formation sampled from the same quarry, from borehole 1̂—36 and from the Köszörűkbóánya quarry 
were formed during the Early to Late Albian. These results do not agree with those of the earlier 
ammonite stratigraphy, but can be correlated with the stratigraphic results of other fossil groups (e.g. 
planktic foraminifera).

Key words: Nannoplankton stratigraphy, Lower Cretaceous, Gerecse Mountains

Introduction

The calcareous nannoplankton of two Lower Cretaceous formations in the 
Gerecse Mountains, i.e. of the Bersek Marl Formation and of the Lábatlan 
Sandstone Formation, was investigated during the past few years. The 
nannoplankton stratigraphy of the Bersek Marl Formation was based on samples 
taken from the strata of Bersek Hill at Lábatlan. The age of the overlying Lábatlan 
Sandstone Formation has been determined on the basis of nannofloras deriving 
from Bersek Hill at Lábatlan, from borehole L-36 drilled in the Köszörűkőbánya 
quarry at Lábatlan and from the Köszörüköbánya quarry itself.

The description of the Bersek Hill section has been published by Fülöp (1958). 
The age classification of the profiles was based upon ammonite studies. According 
to these data, the Bersek Hill sequence was formed from the Valanginian to the 
Barremian, while the layers of Köszörűkőbánya profile were deposited during the 
Barremian.

The Cretaceous nannoplankton of a few samples from Bersek Hill has already 
been studied by Báldi-Beke (1964). She described badly preserved nannoplankton 
assemblages, poor both in species and individuals. Her samples did not provide 
evaluable ages.

Addresses: L. Félegyházy, A. Nagymarosy: H-1088 Budapest, Múzeum krt. 4/a, Hungary 
Received: 30 March, 1992.

Akadémiai Kiadó, Budapest



Concerning the sequence of Köszörűkőbánya, a more complex study was carried 
out by Sztanó (1988). In the framework of these investigations, the calcareous 
nannoplankton from the Köszörűkőbánya quarry was determined by Báldi-Beke. 
Her results are of primordial importance: according to them, the sequence of 
Köszörükőbánya quarry was formed in the Lower to Middle Albian. Foraminifera 
studies of Bodrogi (1990) from the same locality confirmed that the age of the 
Lábatlan Sandstone Formation in the Köszörűkőbánya quarry is Late Albian. The 
age of the overlying Köszörűkőbánya Member forming the uppermost stratig
raphic unit of the Lábatlan Sandstone Formation (in the Köszörűkőbánya quarry 
at Lábatlan as well) is turned out to be of Late Albian to Early Cenomanian age 
according to Bodrogi.

Thus, the age determinations based on ammonites in the fifties and the 
micropaleontological investigations of the eighties do not show the same results. 
In the following we shall discuss in detail what the evidence proving the 
Aptiar.-Albian nannoplankton age is.
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Stratigraphic column of the studied profiles

Bersek Hill at Lábatlan

The rocks of the Bersek Hill quarry belong to two formations (Fig. 1). The 
underlying Bersek Marl Formation consists of calcareous marl, silt (aleurolite), 
marl, clayey marl and thin sandstone layers. The overlying Lábatlan Sandstone 
Formation is characterized mainly by sandstone with some alternations of 
fine-sandy and clayey silt.

In a recently exposed part of the section, the thickness of the Bersek Marl 
Formation is about 68 m; the thickness of the Lábatlan Sandstone Formation is 38 m.

This sequence consists of many small cycles. Within the calcareous marl and 
marl layers of the Bersek Marl Formation, several cm-thick sandstone levels are 
intercalated. The sandy and silty sequence of the overlying Lábatlan Sandstone 
Formation consists of characteristic "flysch-like" turbiditic cycles: the beds are 
coarser at the base (mostly made up of greenish-grey sandstone) grading upwards 
into silty sandstone. The highest member of the cycle is the presumably 
non-redeposited, autochthonous clayey marl member with the smallest grain-size.

Stratigraphic column of well L-36

The 100 m deep L-36 borehole was drilled within the perimeter of the 
Köszörűkőbánya quarry at Lábatlan. The penetrated rocks belong to the upper 
part of the Lábatlan Sandstone Formation (Fig. 2).

In the lower part of the section, greenish-grey sandstone occurs with cyclic 
alternation of conglomerate and silt layers.

Grain-size fines upwards and the silt layers become predominant in the upper 
25 m. In one section, a thin marl intercalation can be observed as well.
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This sequence of grey silt is interrupted in this section by thin (maximum 5 to 
6 cm thick) clay intercalations.

Coalified plant remnants were found throughout the borehole profile; in the 
lower part, some ammonite fragments and imprints were also found.

Alternation of sandstone 
and f ine sandy-clayey 
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Fig. 1
Profile of Bersek Hill, Lábatlan, with the first occurrences of the index species
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Fig. 2
Simplified profile of the Lábatlan-36 (L-36) borehole, with the first occurrences of some Index 
sp ec ies

Köszörűkőbánya quarry at Lábatlan

The surface continuation of the stratigraphic column of well L-36 is found in 
the Köszörűkőbánya (Grinstone quarry), see Fig. 3. The Köszörűkőbánya sequence 
forms the uppermost part of the Lábatlan Sandstone Formation. Due to its 
different lithology it is distinguished as the Köszörűkőbánya Conglomerate 
Member. Its thickness is about 20-22 m.
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The sandy to silty sequence of the Lábatlan Sandstone Formation consists for 
the most part of "flysch-like" turbiditic cycles in this profile. On the other hand, 
the most characteristic units of the Köszörűkőbánya Conglomerate Member are
0.5 to 5 m thick conglomerate banks with unsorted pebble material. The pebbles 
consist of Upper Dogger to Lower Malm cherts, Lower Cretaceous biogenic 
limestone cobbles, quartzitic sandstone and conglomerate pebbles.

The lower, thick conglomerate bank is underlain by red clay levels with gypsum 
veins. Among the conglomerate banks sandstone beds have been found.

Nannoplankton stratigraphy

N annoplankton stratigraphy of the Lower Cretaceous

The Cretaceous nannoplankton stratigraphy has shown a remarkable 
development in the last 15 years. Five - more or less independent - nannoplankton 
zonation systems have been developed, covering the period from the Berriasian 
to the Albian, all of which seem to be well-established. Although every subsequent 
publication refines the zonation to a certain extent, in this case the first occurrence 
data of the preceding zonations have usually been verified by the new results, 
which means that the data were correctly interpreted.

Figure 4 shows the current Cretaceous zonations after Perch-Nielsen (1985). 
Figure 5 shows the most up-to-date Lower Cretaceous zonation published by 
Jakubovsky (1987) and used by the authors. Figure 6 shows the general 
stratigraphic range of the species occurring in the studied profile.

General characterization of the nannoflora

The determination of the nannoflora was carried out by light-microscope with 
a magnification of 1250x.

As has been stated earlier by Báldi-Beke, the nannoflora is poor in species and 
specimens. This is illustrated by the fact that in a single slide only 15 to 20 coccolith 
specimens could be identified.

This is the reason why the age of the nannoflora has been determined on the 
basis of only a few index-fossil specimens, and why it is impossible to assign the 
samples to nannozones. Thus, the age of the samples was determined overbroader 
intervals (stages, as well as their lower, middle and upper substages).

Concerning the number of species and specimens, the strata of the Bersek Marl 
Formation generally contain a poorer nannoflora than the Lábatlan Sandstone 
Formation revealed in the Bersek Hill section and in well L-36. The Lábatlan 
Sandstone Formation is characterized by a greater amount of redeposited forms. 
The presence of Nannococcus is also characteristic of the Lábatlan Sandstone 
Formation; these are completely absent in the samples of the Bersek Marl 
Formation. Similarly to the Bersek Marl, the samples of the Köszörükőbánya 
Conglomerate Member are characterized by nannofloras poor in species and 
specimens. There are many Nannococcus specimens present in the samples of the
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Early Cretaceous nannoplankton zonation used In this paper (based on Jakubowsky 1 987)
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Fig. 6
Theoretical time-ranges of the species observed in the profiles (based on Thierstein 1973, Taylor in Crux 1982, Perch-Nielsen 1985 and 
Jakubowsky 1 987). 1. concordant interpretation of several authors; 2. interpretation of one author
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conglomerate member in well L-36 and in the Köszörűkőbánya quarry. The 
important guide fossils as Cretarhabdus loriei, Stoverius baldiae and Broinsonia lata 
were found only in well L-36 and in Köszörűkőbánya quarry, but not in the Bersek 
hill section.

Despite the above-mentioned differences in the respective nannofloras, and the 
fact that there are species in the Bersek Hill section which are missing in borehole 
L-36 and in the Köszörűkőbánya quarry, it becomes evident, however, that the 
nannoflora of the Bersek Hill and of Köszörűkőbánya quarry are very similar.

In drawing stratigraphic conclusions, the extreme poverty of the samples in 
species and individuals had to be taken into account. This is why the dates of 
extinction had to be neglected, since these can be applied only to continuous fossil 
assemblages rich in specimens. Furthermore, the extinctions had to be neglected 
because the major part of the Lábatlan Sandstone Formation was unambiguously 
redeposited (flysch-like sediments) and the reworked older forms apparently make 
the sequence look older.

Due to the above-mentioned reasons we had to confine our interpretation to 
first occurrences of the species, for which the oldest possible age has been given. 
The nannoplankton assemblages have not been assigned to zones, or only to zones 
based on first appearances of species. Time ranges of the index-species of Thierstein 
(1973), Taylor (in: Lord 1982), Perch-Nielsen (1985) and Jakubowsky (1987) were 
used in our evaluation.

Based on the guide-character of the species, these could be divided into four 
groups (Fig. 6):

-  the presumably redeposited species appearing in the Neocomian and dying 
out as late as the Aptian are found in the first group: Nannoconus colomii, Sollasites 
arcuatus, Cruciellipsis cuvillieri, Micrantolithus hoschulzii, Nannoconus steinmannii, 
Nannoconus bermudezi, Micrantholithus obstusus.

-  the second group comprises the most common species having been found in 
our profiles. They are persistent forms and have little stratigraphic value. They 
mostly lived from the Late Jurassic or Berriasian up to the Late Cretaceous: 
Watznaueria barnesae, Ellipsagelosphaera britannica, Vekshinella angusta, Hacjuis 
circumradiatus, Cyclagelosphaera margerelli, Microstaurus chastius, Zeugrhabdotus 
embergeri, Manivitella pammtoidea, Diazomatolithus lehmanni, Braarudosphaera 
reguláris, Biscutum constans, Cretarhabdus conicus, Cyclagelosphaera deflandrei, 
Lithraphidites carniolensis, Grantarhabdus medii, Rhagodiscus asper, Zygodiscus 
sysiphus, Placozygus fibuliformis, Tranolithus gabalus, Glaukolithus diplogrammus, 
Stradneria crenulata.

-  the species having their first appearance in the Barremian and Aptian are 
found in the third group. These are: Nannoconus abundans, Tetrapodorhabdus decor us, 
Repagulum parvidentatum, Braarudosphaera betilliformis, Nannoconus truitti frcquens, 
Braarudosphaera hockwoldensis, Rhagodiscus angustus, Eprolithus apertior, Eprolithus 
floralis, Flabellites biformansis.

-  five species have been united within the fourth group. These appear first in 
the Late Aptian and in the Albian (from the older to the younger ones):
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Cretarhabdus lóriéi, Stoverius baldiae, Gartnerago preobliquum, Eiffellithus turriseiffeli, 
Borinsonia lata.

The genus Cribrosphaerella, which could not be determined at species level 
should also be mentioned here: it was found only in three samples. This genus 
also appears in the lowermost Albian.

Nannoplankton stratigraphy of the Bersek Hill section

The presence of the species Braarudosphaera batilliformis and Braarudosphaera 
hockwoldensis in a few samples of the Bersek Hill section confirms the assumption 
made upon the basis of four index-species (Rhagodiscus angustus, Eprolithus apertior, 
Gartnerago preoblicjuum, Eiffelithus turriseiffeli), i. e. that the major part of the 
sequence is certainly not older than Aptian. The two Braarudosphaera species were 
found in altogether seven samples. Braarudosphaera batilliformis itself was found in 
the lowermost sample (F-15). Since this lowermost sample was not taken from the 
very base of the section, the possibility cannot be excluded that the underlying 
strata are possibly of Late Barremian age. The species Rhagodiscus angustus 
indicates a younger age (Upper Lower Aptian) in sample F-2.

Two specimens of Eiffellithus turriseiffeli, indicating the youngest (Albian) age, 
were found in the younger layers of the Bersek Marl Formation. This species does 
not occur above these levels, nor in the Lábatlan Sandstone, in the uppermost 
part of the section. However, Gertnerago preoblicjuum does, even in the Lábatlan 
Formation. The range of this species overlaps that of Eiffellithus turriseiffeli at the 
base of the Upper Albian. According to the most up-to-date zonation of 
Jakubowsky (Table II), the Eiffellithus turriseiffeli subzone represents the upper part 
of the Gartnerago preoblicjuum zone. Our results definitely show the overlapping. 
The species Gartnerago preobliquum could be identified in four samples in the upper 
part of the sequence. The fact that the younger of the two overlapping, i.e. 
contemporaneously existing species cannot be found in the upper strata, can be 
explained by the poor abundance of the nannoflora.

Since the calcareous nannoplankton does not indicate a geological age younger 
than Albian (see Eiffellithus turriseiffeli), either in the upper part of the Bersek Marl 
Formation or in the overlying Lábatlan Sandstone, the conclusion can be drawn 
that the uppermost part of the section explored in the Bersek Hill is not younger 
than the lower part of the Upper Albian, either.

Nannoplankton stratigraphy of the section of well L-36

The species Eiffellithus turriseiffeli at the base (94.1 m) of the borehole indicates 
an age of lower Middle Albian. Above it two species have been found (Cretarhabdus 
loriei, Stoverius baldiae) appearing in the Early Albian. They confirm the previous 
Albian age. Practically the same age is indicated by the Gartnerago preobliquum 
found in several samples.
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The occurrence of Eiffellithus turriseiffeli in the Lábatlan Sandstone Formation 
in borehole L-36 (which can be considered as the continuation of the Bersek Hill 
profile) confirms the Albian age obtained in Bersek Hill.

In our biostratigraphic conclusions an uncertain fragment of Microrhabdus 
decoratus, found in one sample of the well (20.4 m), was neglected. This species 
appears globally in the Lower Cenomanian. By means of a subsequent, more 
successful investigation, the determination of an age younger than Albian cannot 
be excluded for the Köszörűkőbánya Conglomerate.

Nannoplankton stratigraphy of Köszörűkőbánya quarry

Among the samples taken from Köszörű kőbánya only three contained 
nannoplankton. One of these contained no index fossils. In sample No. 1 only ten 
species proved to be suitable for stratigraphic evaluation. In this sample, several 
specimens of Gartnerago preobliquum were found, so it is certain that the sequence 
of Köszörükőbánya is not older than Albian. Nevertheless, if sample No. 1 was 
collected from a redeposited layer, the age assigned to Köszörűkőbánya could be 
even younger.

Conclusions

The nannoplankton stratigraphic investigations show that:
-  The explored part of the Bersek Marl Formation in the section is of 

Aptian-Lower Albian age, but certainly not older than latest Barremian-Early 
Aptian. A possible Barremian age cannot be excluded for the lowermost meters of 
the section, which did not form a part of this study. The sequence becomes 
gradually younger upwards.

-  The uppermost part of the Lábatlan Sandstone Formation (overlying the 
Bersek Marl Formation) is not younger than Late Albian.

-  The same formation in borehole L-36 is not older than Middle Lower Albian 
(lower part of the sequence). The upper part of the sequence revealed in the well 
is proven to be of Late Albian age.

-  The Köszörűkőbánya sequence (stratigraphically in the highest position) is 
also assigned to the Upper Albian, or it may be younger.

The approximate age, based on the nannoflora, does not agree with the results 
of ammonite stratigraphic studies, but is similar to the results obtained by 
Báldi-Beke (in: Sztanó 1988) for nannoplankton and by Bodrogi for planktic 
foraminifera. Because of the disagreement between ammonite and plankton 
stratigraphy, it would be necessary to carry out parallel ammonite and 
nannoplankton stratigraphic analyses, both from the Bersek Marl Formation and 
the Lábatlan Sandstone Formation. This could be performed either by collecting 
new samples or by re-evaluating the collected ammonite material, and by the 
investigation of the nannoplankton inside the casts of the ammonite fossils.
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The correlation of Lower Cretaceous formations of Lábatlan with the formations 
of similar age is uncertain. The similarity in age with the Rossfeld and Thannheim 
beds was emphasized earlier (Félegyházi et al. 1991). This similarity does not 
necessarily indicate spatial closeness, since it is our assumption that the Gerecse 
Mountains were situated at the southern margin of the Vardar ocean, which was 
closing in the Lower Cretaceous.
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Urgonian facies of the Tisza Unit
Géza Császár
Hungarian Geological Survey, Budapest

As an introduction a brief review is given on the historic evolution of the concept "Urgonian" and 
on the differences of recent imaginations on it: in harmony w ith the opinion of Rat (1965) this concept 
is considered as a bio-sedimentation system the definitive elements of which are the rudists, thus it 
is suggested to exclude the age out of the criteria of the Urgonian concept.

Within the Tisza Unit, the stratotype profile of the Nagyharsány Limestone Formation, i.e. of the 
Urgonian formation of the Villány zone is introduced and two surface outcrops are presented. Reference 
is made to the facies differences of the Villány of the Hungarian Great Plain (Alföld) revealed by 
drillings and comparison is made with the sequence of Királyerdő (Padurea Craiului). Based on the 
recent investigations the history of evolution and facies connections of the formations are outlined. 
The age of the formation is assigned to the time interval Valanginian -  Early Albian.

Having introduced three surficial profiles in the volcano-sedimentary Lower Cretaceous sequence 
of the Mecsek zone a new volcanic and sediment evolution model is presented. Accordingly, around 
the archipelago-like volcanoes a sandy-gravelly platform developed during erosion. In the margin of 
this zone reef-building organism, in the lagoon rudists and other shallow water organisms existed. 
The existence of these is concluded from the fossil assemblages deriving from different environments 
and preserved on the eroded volcanic slopes.

Key words: Urgonian facies, Lower Cretaceous, rudists, reef-building organisms, microfauna and mic
roflora, carbonate platform, Tisza Unit

Introduction

Urgonian facies are widely distributed within the Alpine-Carpathian system 
(Fig. 1). The present paper attempts to review those occurring in the area of the 
Tisza Unit (Fig. 2). The unambiguously Urgonian formation of the Tisza Unit 
(Villány Mountains) extends over a greater time interval (Fülöp 1966) than that, 
in its type locality at Orgon. The sporadic rudist occurrances in the Mecsek 
Mountains have been well-known for several decades (Hofmann and Vadász 1912). 
They occur always within volcanoclastics, therefore, these occurrences cannot be 
considered as Urgonian facies. Nevertheless, based on related characteristics, the 
review of these formations seems to be justified.

The concept of Urgon in the literature

The term was introduced by D'Orbigny in 1847 to describe the shallow marine 
sequence of the Orgon area in France. Everyday use made the terms Barremian 
and Bedoulian, based on ammonite-bearing strata after Coquand (1862) and Toucas 
(1888), acceptable, even in the last century. The term Urgon, however, was more
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Received: 23 March, 1992.
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Tectonic units of Hungary and the extension of Urgonian formations. 1. non-metamorphic 
Mesozoic formations; 2. metamorphic Mesozoic formations; 3. Paleozoic and Precambrlan 
formations; 4. Urgonian formations

and more restricted to the carbonate formations. This concept is unambiguously 
reflected in the work of Kilian (1912).

The stratigraphic applicability of the term was also put in question by the fact 
that the studies on the sequences similar to the type locality in France were of 
different ages, at least in part. This is why in the literature, the terms 
"urgo-aptienne" and "facies urgonien" (Leymerie 1868), "barremo-urgonien" 
(Cotilion et al. 1979), and "calcaires urgo-aptiens et urgo-albiens" (Canérot et al. 
1982) occurred, which were more reflective of facies content.

Meanwhile, it has become obvious that the rudists, being the most important 
fossil elements of the formation in the Orgon locality, may occur in any stage of 
the Cretaceous. Moreover, regions are known where nearly the complete 
Cretaceous sequence is represented by rudist-bearing facies (Fig. 3). Further, there 
is no known rudist genus for which the stratigraphic extension would be restricted 
to the Late Barremian-Early Aptian epochs. The same is the case with Orbitolinids, 
which proved to be typical accessory elements of the formation. Certain genera 
Fig. 1 <-
Lower Cretaceous Urgonian facies in the regions of the East-Alpine and Carpathian region 
(Császár 1 989)
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Fig. 3
Temporal distribution of some European rudist-bearlng formations

and species of this assemblage occur earlier, while others extend over much 
younger stratigraphic horizons.

Having recognized the contradictions above, Rat (1965) reformulated the term, 
so that Urgon represents a special biosedimentary system. Within this concept, 
one should speak of Urgonian facies in those cases when carbonate rocks contain 
specific biological elements. Consequently, according to the wider interpretation, 
theoretically the Urgonian facies may range from the first occurrence of rudists 
in the Late Jurassic, up to their extinction in the Late Cretaceous, while the 
accompanying faunal groups are not considered as distinctive elements of the 
facies. At the same time, the fact cannot be neglected that, at the beginning of 
the Late Cretaceous, a fundamental change occurred in the shape, and mainly in 
the size, of the rudists. In contrast with the Lower and Middle Cretaceous forms 
the various associations of the large-sized ones generated in the Late Cretaceous 
were able to form genuine reefs (Kauffman and Sohl 1973). This change was nearly 
contemporaneous with the extinction of Orbitolinids. The significance of this
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change, however, as far as the drawing of the boundary is concerned, is weakened 
by the fact that the smaller-sized forms survived.

Consequently, in theory, the temporal extension of the Urgonian facies can be 
defined within a narrower, and a broader range: a) from the end of the Late Jurassic 
till the end of the Middle Cretaceous, and b) from the end of the Late Jurassic 
until the end of the Late Cretaceous. The former range is characterized by the 
rock-forming (or frequent) occurrence of small-sized rudists in a carbonate 
environment, and by the presence of Orbitolina in variable frequency as 
accompanying fauna; the latter one, at least by the occasional occurrence of rudists 
in the carbonate environment.

In the framework of IGCP Project 262, the discussion of the term Urgon could 
not be avoided. Maybe it is worth mentioning that the resistance against a 
widening of the term in any sense was greatest in the case of some French 
geologists. At the same time, it is satisfying that the use of the term Urgon, as a 
concept of facies value, is judged to be useful in other continents as well.

For practical reasons this paper was prepared in sense of the narrower range 
concept, although the author himself believes the other one to be more reasonable.

Nagy liar sárii/ Limestone Formation

In the Hungarian part of the Tisza Unit, only the Nagyharsány Limestone 
Formation represents true Urgonian facies. Following its recognition (Peters 1863), 
a great number of researchers (Hofmann 1876; Schafarzik 1904; Lóczy 1912; 
Telegdi-Róth 1937; Rakusz 1937; Strausz 1941,1942,1952; Rakusz and Strausz 1953) 
contributed to increasing the knowledge of the formation. Its occurrences are 
restricted to the Villány Mountains-Padurea Craiului (Királyerdő) section of the 
Villány Zone (Fülöp 1966). Its extension outside the mountains and the recogni
tion of its common features were made possible by hydrocarbon exploration wells 
(Bérczi-Makk, 1986). Investigations presently in progress concern mainly the 
Hungarian occurrences, and those of the Muntii Apuseni (Romania) to a lesser 
degree. The preliminary results from the Hungarian localities are partly published 
already (Császár 1989; Czabalay 1992; Schlagintweit 1990), and partly in pre
paration for publication (Bodrogi et al. in press; Császár et al. in press). Accord
ingly, in this paper only the necessary data will be dealt with.

The greatest advances in the knowledge of the Nagyharsány Limestone 
Formation was presented in the monograph of Fülöp (1966). The preliminaries of 
the history of research are found in the works of Fülöp (1966), Császár (1989) and 
Császár et al. (in press). Based on field occurrences and on laboratory analyses, 
Fülöp has made a profile-like, detailed lithological and paleontological 
characterization of the formation, and stated that carbonate sedimentation here 
began in the Barremian, onto the eroded surface of the Jurassic limestone and 
Early Cretaceous bauxite, and that this was replaced by marl deposition only in 
the Albian.

Urgonian facies of the Tisza Unit 267
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Fig. 4
Surface occurrences of Cretaceous formations In the Villány Mountains (simplified after Fülöp 
1966). 1. Bisse Marl Formation (Кг); 2. Nagyharsány Limestone Formation (K1-2);
3. Harsányhegy Bauxite Formation (Ki); 4. Jurassic formations (J); 5. Middle Triassic 
formations (Тг); 6. imbrication (or nappe) front

The Harsányhegy quarry (Fig. 4), taken as stratotype profile, exposes a 
succession of the formation about 200 m thick. Its total thickness can exceed 
1000 m (in borehole Lippó-1, under unknown dip.conditions, it reaches 1400 m, 
and also in the Tiszántúl it attains 1000 m; Bérczi-Makk, 1986). Based on the 
borehole drilled in the Beremend quarry, close to the Villány Mountains, the 
greatest thickness of the Nagyharsány Limestone is 450 m (Fülöp 1966).

Based substantially on lithological features, the sequence of the Nagyharsány 
quarry was divided into four member-rank units (Fig. 5) by Császár (1989). The 
lower member, overlying the unevenly karstified surface of the Jurassic limestone, 
is known as far away as the Hárshegy and Beremend. The main characteristics of 
this member are the cyclic sequences (with true lofer-cycle elements, e.g. limestone 
breccia and algal-laminae), the fenestral fabrics and the yellow or pale-variegated 
marl infilling caused by bioturbation. The limestone of micritic matrix is thick- 
banked, occasionally massive. In thin-section, the textural picture shows almost 
exclusively mudstone and wackestone types; subordinately, packstone and
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grainstone types also occur. The cyclic character of the rock is most conspicuously 
manifested in the peculiar alternations of the shade of grey colour (Fig. 5). The 
most common type is the paling upwards one, though the darkening upward type 
also occurs in one or two rhythms. The grey colour is interrupted every 10 to 20 m 
by red and other variegated, pelitic intercalations (paleosol horizons), which are 
usually accompanied by hardgrounds, and in two cases, by denudation surfaces.

Its macrofauna content is poorish. The small-sized, thin-shelled gastropods are 
common and sometimes occur quite frequently; among them, Czabalay (1992) 
described the species Plesioptyxis prefleuriaui (Delpey) and Plesioplocus essertensis 
(P et C). In two cases, namely in 10-30 cm thick horizons or in smaller lenses, 
small-sized rudists, (Recjuiettia ex. gr. tortilis) are found (unpublished report of 
Czabalay). It can also occur sporadically.

Allochemical constituents are found in small amounts, among them the biogenic 
components prevail, mainly calcareous benthic foraminifera. The Miliolidae 
predominate here.
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Fig. 5
Members ot the Nagyharsány Limestone in the Harsányhegy quarry (after Császár 
1989). 1. Orbitolina; 2. coral; 3. Hydrozoan, Chaetetid and Bacinella colonies; 4. rudists;
5. Chondrodonta; 6. gastropods; 7. fenestral structure; 8. black breccia; 9. marl and lime-marl 
lenses
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Fig. 6
Cyclic alternation of various environments and shade changes of grey colour in the lower 
member of the Nagyharsány Limestone Formation of the Harsányhegy-quarry. 1. traces of 
roots; 2. desiccation cracks; 3. paleosol; 4. bloturbation; 5. fenestral structure; 6. algal mat; 
7. bioclasts; 8. oncoids; 9. rudlsts; 10. other pelecypods; 11. gastropods; 12. black pebbles; 
13. gravel;
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Salpingoporella is a rhythmically recurring element of low frequency 
(S. geneviensis Schlagintweit 1990). The Chara species, indicating freshwater or 
oligohaline facies, are restricted to the lowermost ten metres but occur in greater 
frequency.

Based on all these features, it can be stated that salinity varied between wider 
extreme values, the predominantly freshwater to slightly brackish-water strata 
close to the base gradually being replaced by brackish-marine and later by marine 
beds. Nevertheless, some freshwater strata occur in the section between 60 and 
70 m, too.

The second member can be characterized for the most part by the gradual 
enrichment in rudists. The lower part of the unit is moderately thick-bedded, 
while the upper part is massive. In the lower part, small, black breccia-grains 
occur; upwards, these disappear, together with the marl lenses of bioturbational 
origin. The packstone, the wackestone and the floatstone-type textures are 
sporadically accompanied by mudstone, grainstone and rudstone ones as well. 
The considerably increased macrofauna content is represented in the lower part 
mainly by Requienia, in the upper part by Toucasia species of thick and black shells. 
Together with the Chondrodonta species, all the three groups form independent 
biostromes. In the marine member, the microfacies is characterized by 
Dasycladaceae species, by varied benthic foraminifera, mainly Miliolina, Ovalveolina 
(O. cf. reicheli de Castro-Schlagintweit 1990) and Orbitolim species. In this horizon 
occur for the first time the varied micro-colonies, among others Bacinella and the 
accompanying Codiaceae alga lenses and encrustations.

The third member is less studied, and strongly tectonized. The medium-grey, 
thick-banked or massive limestone is characterized for the most part by colonies 
of branching corals and by other small Bacinella and Codiaceae colonies. The 
texture is primarily boundstone, and is accompanied mainly by packstone and 
wackestone. In the accessorial foraminifer fauna, the Orbitolinids and Miliolids 
occur, replacing each other. The lack of Dasycladaceae is conspicuous.

The upper member consists alternately of thinner or thicker-banked limestone, 
with dispersed Orbitolina (Praeorbitolim cormyi/wienandsi Schroeder, Palorbitolim 
lenticularis (Blumenbach)-Schlagintweit 1990) and Bacinella-Codiaceae colonies in 
the bottom, but sporadically, different pelecypods, among others rudists, may also 
occur.

The Harsányhegy profile and the sequence of the Beremend borehole can be 
roughly correlated. Nevertheless, the sequence exposed by the Beremend quarry 
differs from the former. The macrofauna of the thick-banked limestone is not richer, 
but more varied: the six rudist and one Chondrodonta genera, and the three 
gastropod species determined by Czabalay (1992), are accompanied by varied 
microfauna. Fourteen calcareous, fourteen arenaceous foraminifera and 3 
Dasycladal algae were mentioned by I. Bodrogi (unpublished report). The 
BacinellaC-odiaceae microcolonies, as well as the Cayeuxia alga, are conspicuously 
frequent. Based on Orbitolina (M.) texana (Roemer) and Dictyoconus pachymarginalis
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(Schroeder), the age of strata of the quarry was defined by Schlagintweit (1990) 
as Late Aptian.

A sequence that cannot be correlated with the above-mentioned levels is known 
from the so-called "Tenkes-imbrication" (Fig. 7). The 18 m thick section, out of a 
total Cretaceous sequence of 30 m thickness, consists here of marine, white or 
light-grey, occasionally light-red strata of varied fauna (gigantic Toucasia, small 
Monopleura, Chondrodonta, branching corals and gastropods). The calcareous 
sand layer, as an individual horizon, consists for the most part of Orbitolina. The 
red lime-marl casts, "replacing" Monopleura and branching corals, relate to 
periodical drying and karstification. The importance of the Cretaceous succession 
in the Vízügy quarry is its relative completeness. This formation is significant, 
since it shows a considerable hiatus towards the overlying strata, represented by 
the Bisse Marl Formation, here. According to Görög's studies (unpublished report 
1991), the age of the Nagyharsány Limestone in the quarry is Middle and Late
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Fig. 7
Lithological column of the Nagyharsány Limestone Formation in Vízügy quarry of Máriagyüd.
1. colony-forming organisms; 2. rudists; 3. other pelecypods; 4. gastropods; 5. Orbitolina
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Aptian (Gargasian and Clansayesian). She considered the following species as key 
fossils: Orbitolinopsis cuvillieri Moullade, Siinplorbitolina manasi Ciry et Rat, 
Orbitolina (Mesorbitolina) texana (Roemer) and Ovalveolina reicheli de Castro.

Within the Villány Zone, the lithological features of the formation display, to 
the east, variability similar to those observed in the mountain. The sequences 
drilled by numerous hydrocarbon exploration wells in the Danube-Tisza 
Interfluve revealed grey, clayey limestone, lime-marl, and marl -  mainly in the 
basal strata, in addition to the usual Urgonian limestones.

In addition to the typical Urgonian elements (Agriopleura, Orbitolina, 
Miliolina), these strata also contain planktonic foraminifera, e.g. Globigeri- 
nelloides and Hedbergella (Bérczi-Makk 1986). Both the formation and the fauna 
composition indicate that, from a facies point of view, the Danube-Tisza Interfluve 
is a transitional region between the carbonate platform and the basin (outer shelf).

In the Tiszántúl, the more pelitic beds with terrestrial red-variegated detritus 
were distinguished by Bérczi-Makk (1986) as the Biharugra Lime-marl. She 
reported sponge spicule occurrences embedded in the Urgonian succession.

Recently, opinions have changed concerning the age of the Nagyharsány 
Limestone, but based on the investigations in progress, new and more reliable 
data will be available, which means that further changes can be expected. Due to 
the considerable freshwater effect, the oldest basal strata can only be dated with 
uncertainty. Based on the assemblage Salpingoporella muehlbergi (Lorenz) and S. aff. 
annulata found about 6 m above the base, Bodrogi (1989 unpublished report) 
assumed a Hauterivian or Valanginian age. The age of the strata below the Bisse 
Marl is probably Late Aptian or earliest Early Albian (Görög 1991 unpublished 
report; and Schlagintweit 1990).

The lower part of the Cretaceous sequence of Padurea Craiului (Királyerdő) in 
Transylvania (Bihar Autochthon) does not resemble the geographically closest 
formation (Tiszántúl), but rather the farthest sequence of the zone, in the Villány 
Mountains. In the traps of karstified surfaces of the Upper Jurassic Clypeina- 
bearing Albiora Limestone, or of the Cornet Limestone of Stramberg facies, 
bauxite, and above it the Blid Limestone Formation are found. Its lowermost beds 
contain Characeae; the bulk is free of fauna, and in a horizon several metres higher, 
only some gastropods occur (Fig. 8).

Rudists become common in the higher horizons of the formation; certain of its 
beds may be oncoidic (Vîrciorog) or contain calcareous sand (Vîrciorog); 
elsewhere, tempestite (close to Vadul Crisului) also occurs. The age of the Blid 
Limestone is Late Hauterivian to Early Aptian. Platform sedimentation was 
followed by deposition of the Ecleja Marl, the characteristics of which can be 
correlated with the Bisse Marl. In addition to the difference in age of 
sedimentation, it is also remarkable that, in the upper part of the Ecleja Marl is 
intercalated a roughly 200 m thick rudist-bearing limestone, the so-called "II. 
Pachyodont-bearing limestone". Based on its features, this thick-bedded 
rudist-bearing limestone resembles the Blid Limestone Formation. The deposition 
of the Ecleja Marl, the thickness of which exceeds many times that of the limestone,
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Fig. 8
Basal strata of the Blld Limestone Formation from the cover of bauxite lense near Tlzhatár, 
Zece Hotare (Transylvania). 1. pisoldic bauxite; 2. grey; sometimes slightly pied limestone;
3. black limestone breccia; 4. brecciated clayey limestone; 5. gastropods

is the result of the marlification of certain extent of the Urgonian sequence in the 
Danube-Tisza Interfluve.

In the area of the Bihar Autochthon, the Ecleja Marl was replaced in the early 
Albian by glauconitic sandstone, in the middle section of which the so-called "III. 
Pachyodont-bearing limestone" of Middle Albian age is found, in an environment 
unusual for it, with abundant coral colonies and large-sized Toucasia remnants.

Based on the sequence of the Nagyharsány occurrence, Császár (1989) 
elaborated an evolutionary model of two lagoons; based on this model, the 
formation of drying supratidal lakes is responsible for the formation of the black 
limestone breccia (Fig. 9).

When evaluating the paleogeographic and evolutionary conditions of the 
Nagyharsány Limestone, the differences between the Beremend-Nagyharsány 
and the Tenkes successions play a primordial role. The upper, probably several 
hundred metres thick part of the Nagyharsány sequence (of 200 m thickness) is 
missing for erosional reasons, whilst the 30 m thick sequence of the Tenkes 
"imbrication" is "complete"; this is proven by the presence of the Bisse Marl. In
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the area close to the Villány Mountains, the presence of a ramp-type carbonate 
platform can be assumed. This is probable, based on the fact that, in the Urgonian 
sequence, coarse-grained terrestrial detritus is completely absent; in the case of 
structures formed by imbrication, this could be only interpreted in such a way 
that the minimal level difference between the two occurrences is assured by a 
fault, along which subsidence is more or less equal to the rate of sedimentation. 
This, however, could be hardly assumed from the Valanginian to the Albian; 
consequently, the original distance between the two "imbrications” may be as great 
as several tens of kilometres, i.e. these units, together with their sequences of 
several hundred metres thickness, can be qualified as nappes or nappe groups.

In the course of the discussion following the visit of the Nagyharsány quarry, 
C. Neumann and K. Rasmussen suggested the idea of a model of an indirect 
transgression. Accordingly, seawater would have inundated the depression
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Fig. 9
Environmental types of the Nagyharsány Limestone In block section (modified after Császár, 
1989). 1. paludal vegetation; 2. permanently Inundated lakes; 3. drying lakes (source of the 
black breccia); 4. bauxite lense; 5. Dasycladaceaea; 6. gastropods; 7. rudist; 8. Chaetetopsls; 
9. coral; 10. Orbltolina
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behind a crest only through a narrow strait, and preserved mostly freshwater of 
mixed-water conditions for a long time.

Due to irregular core sampling, such a systematic difference could not be 
determined in Cretaceous formations of the basement of the Alföld; in the past 
decades, however, sufficient evidence was found to define the nappe structure of 
the basement older than Neogene and older than Upper Cretaceous, at least. The 
nappe structure of the Muntii Apuseni needs no further evidence. In addition to 
the "Bihar Autochthon", considered as a semi-autochthonous unit, the Blid 
Limestone is also the member of the Valani nappe. Thus, to the formational 
relationship within the Villány-Bihar zone structural similarity also associates.

Based on the thickness conditions of the Nagyharsány Limestone in the nappes 
in the Villány Mountains, the Cretaceous transgression prograded from the south 
northwards (Fig. 10). This conclusion is supported by the sequence of borehole 
Bóly-1, in which the Nagyharsány Limestone Formation is absent due to its 
paleogeographic position, and the Bisse Marl transgressively overlies the Upper 
Jurassic limestone.

South of the Villány Mountains and of the Hungarian part of the Danube-Tisza 
Interfluve, in the northern areas of Vojvodina, the hydrocarbon exploration wells 
revealed Paleozoic formations (Canovic and Kemenci 1988). According to the data 
from the southern part of Vojvodina and from the Srem, the carbonate platform 
extended over these areas, as well; in the latter region, with a formation relating 
to the forereef on the platform margin. South of this, Jurassic ophiolites of the 
southern margin of the Tisza Unit mingle with Jurassic and Cretaceous bathyal 
formations.

Based on the latter data, the idea occurs that the Mesozoic nappes of the Villány 
Mountains derive from the metamorphic surfaces of Vojvodina, where they were 
united with the Urgonian formations. The steps of structural evolution of the 
region are shown in Fig. 11.

Rudists and corals in the Magyaregregy Conglomerate Formation

Although a carbonate platform of true Urgonian facies could never develop in 
the Mecsek Zone, its characteristic faunal elements occur locally in great quantities. 
For this reason, the formation should be dealt with.

The explanatory notes for the geological maps at 1:10,000 scale of the Mecsek 
Mountains give a short description of the Cretaceous formations and of the 
evolutionary history of the region. The most abundant information is found in 
the explanatory notes of Kisbattyán. Accordingly (Bilik et al. 1978), in the 
Valanginian, four igneous (essentially volcanic) phases can be distinguished, above 
which hyaloclastic and diabase-detrital (or, according to the recent nomenclature,
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Fig. 11
Steps of Cretaceous evolution of the Villány Mountains and of the southern related areas

basalt-detrital) marls were formed in the Hauterivian. The subsequent sequence 
with sandstone and conglomerate is qualified as being of "littoral, locally shallow 
marine" origin, and is considered to be the result of the compressional movement 
of the "Late Cimmerian phase". Lava flows subsequent to these contain marl with
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basalt detritus, and sometimes crinoidal limestone. In the upper part of the 
Hauterivian, a sequence of hyaloclastitic, marly, sandy and conglomeratic 
composition underlies the final (alkaline) basalt lava. According to the explanatory 
notes of the map of Hosszúhetény-É (Földi et al. 1977), volcanism was restricted 
to the Late Valanginian, though it is also mentioned that the age of the "clayey, 
marly layer" above the volcanic formations was defined as Late Valanginian by 
Horváth (1968). In the southeastern margin of the mountains (Pécsvárad and 
Apátvarasd), the thickness of the Valanginian volcanic sequence is given as 270 m, 
that of the overlying Valanginian-Hauterivian sedimentary formations as 410 to 
465 m. Compared to the northwestern part of the region, here the sediments 
predominate. Another difference is that, in the sediments of the southeastern 
margin, the crinoidal limestone of fine to coarse grain size became the 
predominating rock type, which is also believed to be of littoral facies, though it 
does not contain any macrofauna.

Since, for this study, the sandstone and conglomerate with basalt detritus are 
of primary importance, in the following these units will be dealt with. According 
to the explanatory notes mentioned above, the most beautiful rudist-bearing 
exposures are found in the Nagy valley and Kis valley of Mecsekjánosi, in the 
valley of Márévár, in the valley west of Petrasz and in the road-cut between 
Püspökszentlászló and Kisújbánya. Referring to Vadász (1935), the Kisbattyán 
explanatory note presents a list of fossils of two and a half pages, according to 
which the pelecypod fauna is of primary importance, considering both the taxa 
and specimen numbers; the gastropod, brachiopod, coral, hydrozoan, echinoderm 
and cephalopod assemblages are also abundant. Concerning the Urgonian facies, 
the following elements should be mentioned: Diceras semistriatum Hofm., Valletta 
germani Pict.-Camp., Monopleura boeckhi Hofm., Bicornucopina petersi Hofm., a lot of 
Nerinea and quantitatively remarkable Ostreidae genera and species. The 
above-mentioned rudists are absent from the Hungarian Urgonian occurrences.

Having investigated the material deriving from the road-cut between 
Püspökszentlászló and Kisújbánya, a similar faunal assemblage is reported by 
Horváth (1968). Czabalay (1971 and 1992) determined the following species in the 
material deriving from different parts of the region: Aetostreon culoni (d'Orb), 
Astarte subcordiformis Hofm., Heterodiceras semistriatum (Hofm.), Microshiza inflata 
(d'Orb), Valletta germani P et C., Monopleura boeckhi (Hofm.), Megadiceras hofmanni 
(Czabalay), Arctostreon rectangularis (Roemer), Ceratostreon cornuelis (Coqu.), Nerinea 
sp., Eucyclus, etc.

The material of the recently prepared artificial exposures is presently being 
studied. Results of processing of the colony-forming organisms, rich in individuals 
and species, will be published in a separate paper, together with D. Turnsek. The 
sequence of gravelly sandstone and limestone, and of conglomerate, respectively, 
from the Mecsekjánosi environs, is presented in Fig. 12.

Above the volcanoclastite lies a marl with volcanic ash, then gravelly sandstone 
of volcanic material, limestone with volcanoclastites and abundant fossils, 
conglomerate with basalt material and sandstone levels deriving from different
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Fig. 12
Theoretical geological profile of the road-cut south of Kisújbánya and of the Jánosi-puszta 
valley 1. crinoldal limestone; 2. sandstone;soltstone; 3. clay-marl, marl; 4. collapsed, folded 
rock body; 5. conglomerate, 6. hyaloclastics; 7. basalt lava; 8. Márévár Limestone Formation 
(U. Jurassic); 9. ammonites; 10. rudists; 11. other pelecypods; 12. gastropods; 
13. colony-forming organisms; 14. Orbltolina; 15. gastropods;

volcanic rocks, alternating with one another. Here the pebbles of conglomerate 
are usually well-rounded, but poorly sorted. The greatest pebble diameter is as 
great as 40 cm along the longitudinal axis. In the fossil assemblage Ostreidae with 
very thick shells, corals of 3-15 cm, Chaetetopsis and Stomatoporoidea colonies 
and different rudists predominate, and other pelecypods and varied gastropods 
also occur. Brachiopods and ammonites are also found in remarkable amounts. 
The joint occurrence of the fauna deriving from different biotopes is explained 
by Horváth (1968) by the transportation of ammonites into the shallow marine 
environment. Nevertheless, based on the well-preserved state of the ammonites, 
the explanation is more likely to be the opposite, i.e. the transport of the shallow 
marine assemblage into the basin seems to be more reasonable. This is supported
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by the unsorted state of the detrital material, and by the slight and changing 
stratification, as well.

The former exposure of several hundred metres, cut into the southern side of 
the mouth of the Márévár valley, can be studied only in some places. Here the 
well-stratified, often silty sandstones and the well-sorted conglomerates are 
practically free of fossils, while the unsorted gravelly sandstones with tuff breccia 
contain a fossil assemblage similar to that of the pebbly, calcareous sandstone and 
volcanoclastite-bearing limestone of Mecsekjánosi.

In the road-cut between Püspökszentlászló and Kisújbánya, a sequence 
consisting mostly of tuff breccia and sandstone, of about 30 m thickness occurs; 
it also contains the detritus of the underlying limestone and the overlying 
volcanoclastite (Fig. 12), and includes the fossil assemblage also mentioned by 
Horváth (1968). In its overlying strata, ammonite-bearing marls and silty loose 
sandstones deriving from weathered volcanites are found; here, well-preserved 
ammonites and pelecypods (mainly Lopha) of shallow marine origin occur 
together. In the upper levels of the sandstone, slided pieces of marl lenses with 
folded stratification and of several decimetres size are found. The position of these 
lenses is probably due to collapsing on the steep slope of its basement.

Based on the facts above, the following working hypothesis was developed to 
explain the formation of the upper part of the Lower Cretaceous sequence of the 
Mecsek Mountains, which will be either proven or discarded as a result of the 
investigations to be performed.

The deposition of the bathyal Márévár Limestone was ended by violent and 
regional volcanic activity in the Late Berriasian or in the Early Valanginian. The 
volcanic activity was concentrated in the (deepest) axial part of the Mecsek Zone. 
To the south and southeast, the quantity of volcanic rocks rapidly decreases, and 
in the Villány Zone only smaller isolated bodies are known. Between the volcanic 
centres -  at least in the periods free of volcanic activity -  a new type of 
sedimentation began, with the redeposition of the volcanic matter. The uneven, 
block-like morphological differentiation of the basement cannot be excluded, 
being proven by the lack of Early Cretaceous sedimentation in the northern part 
of the Villány Zone; and, concurrently, by the south- and southeastward 
shallowing of the Mecsek syncline during the Early Cretaceous. Nevertheless, the 
level differences within the basin must be mainly attributed to the huge volcanic 
bodies. The lavas, cooling rapidly in the marine environment, may have been in 
considerably smaller lava flows than those occurring on land, and this was only 
partly equalized by the spreading of volcanoclastics by the sea (according to the 
oral communication of I. Bilik, the existence of this could not be proven so far). 
The conglomerate and pebbly sandstones relate to the genesis of huge volcanic 
bodies extending above sea level (Fig. 13). They surrounded by abrasional gravel 
zone, generated by wave action, with colonies of thick-shelled pelecypods, among 
them of rudists, of corals and stromatopores, developed in the niches of the warm 
marine environment. During stormy periods, the whole littoral rock and biogenic 
product was transported from the shoreline of volcanic islands towards the sea,
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Fig. 13
Presum ed environmental zones around volcanic island of the Mecsekjános Basalt Formation.
1. Hidasivölgy Marl Formation; 2. sandstone and 3. conglomerate (Magyaregregy Conglom
erate Formation); 4. tuff, agglomerate and hyaloclastite; and 5. lava (Mecsekjános Basalt 
Formation); 6. Márévár Limestone Formation; 7. reef-building organisms; 8. rudlsts; 
9. Orbitolina

where it slid down from the temporary area of deposition, on the steep slope of 
the volcano, into the basin.

By this means, the presence of completely unsorted, often disordered sediment, 
with rock debris from the deep underlying units, the joint presence of bathyal (to 
be more correct: pelagic) and shallow marine fossil assemblages, as well as the 
occurrence, in one profile, of the marly unit underlying, but in some profiles also 
overlying the fossil-rich breccia-conglomerate, can be explained. Unfortunately, 
as far as we know, the atoll-like formation itself has not yet been discovered. For 
the time being, the contour lines of only one larger volcanic body can be presumed 
from this volcanic system, with an expected centre somewhere in the eastern- 
northeastern part of the Kisbattyán map (?). Based on the model outlined above, 
sedimentary formations could also be predominating among the volcanic centres. 
Similarly, sediments predominate in the recent southeastern margin. However, 
here the crinoidal limestone was deposited under bathyal conditions, though in
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shallower water than in the basin centre. The crinoidal field that served as a source 
to the limestone was probably formed a shallow bathyal platform.

The sedimentary environment outlined above has no peer in the close 
surroundings. Cretaceous sequences which are more or less similar in their 
formation are known from the Lesser Caucasus of Azerbaijan, where, in a volcanic 
sequence of about 2000 m thickness, of basaltic composition and of island arc 
origin, the true Urgonian facies intercalate in at least six horizons.

Thanks to the favourable exposure conditions, the horizontally changing 
characteristics of the Urgonian bodies can be followed in that area. It is obvious, 
from the facies relations explored so far (Khalilov et al. 1987), that, in the volcanic 
island arc system, very shallow or shallow sublittoral conditions were 
characteristic over large areas. Many interesting results can be expected from the 
detailed comparison of the two formations.

Conclusions

-  Based on sudden changes of age, facies and thickness conditions recognized 
in the Nagyharsány Limestone of the nappes of the Villány Mountains, a 
northward prograding transgression can be defined. Subsequently to the 
"drowning" of the platform, the continuation of transgression is indicated by the 
Bisse Marl, extending northwards over the Nagyharsány Limestone.

In spite of the temporal difference, the "drowning" of the carbonate platform 
occurred suddenly, and in similar fashion, both in Tisza and Pelso Units. The 
difference is that, at the top of the Zirc Limestone, the slight condensation was 
accompanied by phosphorite and glauconite formation, while the marl overlying 
the hardground of the Nagyharsány Limestone did not contain these minerals.

-  In the Mecsek Mountains, in the margin of the abrasional ring generated 
around a huge volcanic massif rising from the sea, shallow marine organisms, 
among others rudists and true reef-forming organisms, established themselves in 
rock-forming quantity. Thanks to the high productivity of the erosion, the 
atoll-like structures of terrestrial background slid down systematically on the 
submarine volcanic slope to the foothills of the volcano, and were mixed with 
pelagic elements (e.g. ammonites).
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Upper Cretaceous (Senonian) formations of the 
Tisza Unit
Károly Szentgyörgyi 
M O L Plc.
О й and Gas laboratories, Budapest

In the eastern part of the Tisza megatectonic unit, Upper Cretaceous sediments, mostly covered by 
Tertiary formations, are present along two great interrelated facies belts. The pelagic sediments, revealed 
by boreholes in the northwestern part of the Tiszántúl, are known in similar facies as far as the 
Sub-Carpathian depression. The Senonian sediments formed in the Central Tiszántúl and southern 
parts of the Great Plain represent three facies types. The Upper Cretaceous formation types and their 
relationships are presented.

Key words: Stratigraphy, Late Cretaceous, Senonian formations, Gosau Formation, Great Plain, Intra- 
carpathian depression, Transylvanian Mid-Mountains

Introduction

In the Great Plain, and in the regions adjoining it in the northeast and southeast, 
Upper Cretaceous (Senonian) formations are known along structural-facial belts 
of zonal arrangement in the pre-Tertiary basement. The belts contain formations 
of different lithofacies, and the Senonian deposits revealed by drillings in the 
basement reflect paleogeographic relations differing from one another. The 
paleogeographic relationship between the belts is incompletely studied so far; the 
facies and the stratigraphic position serve as a basis for regional correlation. It 
appears to be proven that the Senonian formations of the Great Plain had no 
direct paleogeographic and evolutionary relationship with those known in the 
sequence underlying the Neogene sediments of the Vajdaság, South-Bácska and 
Bánát. Nevertheless, a remarkable similarity can be noticed between the Senonian 
sediments of the Central Great Plain (North-Tiszántúl) and the Sub-Carpathian 
Upper Cretaceous formations. The Senonian formations of North-Bácska and of 
Central Tiszántúl joins the Upper Cretaceous of the Királyerdő (Padurea Craiului) 
and its environs through continuous facies transitions. In addition to the essential 
facial differences, there are common features of the formations of the two great 
structural-facial belts of the Great Plain:

1) The Senonian formations represent an evolutionary-sedimentary cycle.
2) The sediments of the cycle transgressively overlie the pre-Senonian basement 

of variable age and formations.
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3) The sedimentary cycle terminated by regression in the Late Senonian; 
continuous Senonian/Paleogene sedimentation cannot be proved, and sediments 
of Paleocene age are unknown.

4) In the Upper Cretaceous belt of the Central Great Plain and Sub-Carpathia 
mostly pelagic sediments are found.

5) In the North-Bácska-Central Tiszántúl-Királyerdő belt shallow marine clastic 
sediments predominate. In the Királyerdő region of the facies belt, the occurrence 
of Gosau facies and of Maastrichtian tuffs is characteristic.

6) In the facies belt to the north, Campanian and Maastrichtian sedimentation 
can also be proved biostratigraphically; older Senonian sediments are not 
paleontologically proven so far. As far as paleontological evidence in the southern 
belt is concerned, older Senonian strata are also found (Királyerdő and its 
environs). In the western part of the belt, in the Great Plain, only data relating to 
Campanian and Maastrichtian sedimentation are available as yet. This, however, 
does not exclude the possibility that the fossil-free beds of the basal parts of the 
sequences cannot occasionally represent the Coniacian and Santonian.

In the Great Plain region of the Tisza megatectonic unit, hydrocarbon 
exploration wells revealed Upper Cretaceous (Senonian) formations in two 
separated belts (Fig. 1).

The marine formations of Northwest-Tiszántúl show Intracarpathian relation
ships; the facies can be traced to the Senonian formations of Sub-Carpathia and

Fig. 1
Outline of the extension of Upper Cretaceous formation belts in the basement of the Great 
Plain
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Máramaros. In the southern Danube-Tisza Interfluve, and in the southeastern 
part of the Tiszántúl, a facies belt can be separated as regards its extension (based 
on paleogeographic relationships); based on the data of wells, this is in direct 
relationship with the Senonian formations of the northern part of the 
Transylvanian Mid-Mountains.

The Senonian belt of the Central Great Plain

In the central part of the Great Plain, the Senonian belt, as revealed by boreholes, 
extends from the Danube-Tisza Interfluve (Izsák) through the northwestern 
Tiszántúl up to Nádudvar. It contains formations which are essentially uniform 
from the petrological and facial points of view. Presently, the boundaries of the 
facies belt are tectonic, and not exactly known. The Upper Cretaceous sediments 
are considerably compressed and indicate remarkable tectonic stress. Based on the 
data of wells, the Senonian sequence, consisting of marl and intercalated limestone 
beds, lies within a narrow elongated belt. In the boreholes which reached the 
pre-Upper Cretaceous basement, the basal beds of the sequences consist of 
fauna-free breccia and polymict conglomerate. The Izsák Marl Formation, 
consisting of oxidized lime-marl and marl strata, and overlying coarse elastics, 
contains pelagic sediments of Senonian age proven by plankton foraminifers. Only 
in the red marl beds of the Kerekegyháza borehole (Ke-5) were Turonian 
foraminifers determined by Sidó, M. (1969).

Recently, the pelagic Upper Cretaceous sediments have become known along a 
belt of a length of about 150 km and of 25-50 km width, beneath Tertiary 
formations. The thickness of the formation varies between 75 and 410 m. The 
underlying units of the sequence are known from only a few wells. The Eocene 
or Neogene sediments overlie the sequence with stratigraphic unconformity.

The basal conglomerate was reached in the boreholes Izsák-1, Püspökladány-5 
and Kisújszállás-ÉK-2 (Szánk Conglomerate Formation).

The coarse-clastic rocks are overlain by carbonatic-pelitic marine sediments. The 
lower, and major part of the sequence consists of homogeneous, rust-red to 
brick-red lime-marl. In the southern margin of the belt, dark-coloured layers 
relating to a reductive environment, as well as red oxidized beds occur in the 
Senonian sequence. The fine-grained carbonate-pelite and shale formations 
consist of lime-marl and marl, up to 88%; lime-marl is the predominating rock 
type. In the northeastern part of the belt, the characteristic red sediments are 
overlain by grey, silty marl and shale. The petrological and colour contact between 
the two formation groups are sharp. In the western sector of the belt, in the 
Danube-Tisza Interfluve (the region of Izsák and Kerekegyháza), thin micritic 
limestone layers and sheets are intercalated in the lime-marl sequence. The average 
carbonate content of the Senonian sediments of the facies belt is 69%, of which 2 
to 10% is represented by dolomite. Within the fine-grained sediments, the 
carbonate content gradually decreases upwards, and simultaneously the quantity 
of silt fraction increases. Under favourable conditions, a carbonate cycle can be
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observed within the lime-marl sequence, in the middle section of which limestone 
was formed (Izsák-1 borehole). When moving from west to east, the quantity of 
the silt and clay fraction gradually increases in the Senonian sediments of the belt, 
although no independent terrigeneous sediments occur within the fine-grained 
sequence.

The Upper Cretaceous sediments within the basin are characterized by large 
amounts of plankton foraminifera (primarily Globotruncana species). The 
benthonic foraminifera are frequent mainly in the limestone beds, and these occur 
also in the marl strata, although in a smaller number of species. Based on the guide 
fossils, the deposition of the sediments took place during the Campanian- 
Maastrichtian (Older, i.e. Turonian sediments are referred to only by M. Sidó (1969) 
from the Kerekegyháza borehole). In certain sequences of the belt, the latest 
Senonian biozone can also be identified in the Tiszántúl.

Based on the absence of the coarser terrigeneous elastics and the subordinate 
quantity of fine-grained elastics, the deposition of the sediments occurred far from 
the basin margins, under offshore conditions. Sedimentation indicates quiet 
circumstances; this is proven by the fact that features relating to visible 
redeposition are unknown in the sequences. The basin might have had a water 
depth of less than 1000 m, or even less. The deep oxidation of the sediments was 
probably caused by dissolved oxygen of bottom currents.

In the northeastern margin of the belt explored by boreholes, i.e. in the 
Nádudvar area, the Senonian sequence displays differing petrology. The Upper 
Cretaceous sequence is made up of sandstone alternating with siltstone. In this 
region, the reason for the considerable clastic input is unknown so far. 
Nevertheless, it cannot be excluded that the sporadically occurring fossils were 
redeposited, and that the entire clastic sequence is of Paleogene age. 
Unfortunately, rock samples of sufficient number are unavailable to solve the 
problem; the renewed investigation could not provide essential new data to 
exactly define the stratigraphic position of these sediments.

In the central part of the Great Plain, the Senonian belt, of SW-NE strike, 
disappears beneath younger formations to the East of Nádudvar, and there is a 
lack of boreholes penetrating the Tertiary formations. Despite all efforts, not even 
the seizmic survey could answer the question of whether there are Senonian 
formations in the pre-Tertiary basement. Nevertheless, in the area of the 
Sub-Carpathian depression, more than fifty boreholes penetrated Upper 
Cretaceous sediments, the petrological type and stratigraphic position of which 
are essentially the same as those of the formations known in the northwestern 
Tiszántúl formations of the Great Plain (Juhász et al. 1968; Körössy 1959, 1977; 
Majzon 1961, 1966; Szepesházy 1973,1975, 1977, 1979).
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Senonian formations of the Sub-Carpathian Depression

The Sub-Carpathian Neogene depression lying within the arch of the 
Northeastern Carpathians is structurally divided into two sub-basins: a) the 
Csap-Munkács Basin and b) the Aknaszlatina Basin. The depression is separated 
from the Transylvanian Basin by the Máramaros Basin, of complicated stratigraphic 
and tectonic structure, as well as by the Lápos, Radna and Preluka hills. The 
depression is separated from the Carpathians by the Pienin Klippen Zone, which, 
as an uninterrupted belt, constitutes a range in Sub-Carpathia of a width of several 
hundred metres to 5.5 km.

Tectonically, the basin is bordered in the northwest by the Vihorlát deep fault, 
and in the southeast by the Hanics -  Solovitno (Aknaszlatina) deep fault. To the 
northeast, the Sub-Carpathian Fault is the tectonic border, while towards the 
Pannonian basin, the belt of the Pannonian deep fault is considered the boundary 
(Sviridenko 1976; Dolenko et al. 1976).

The Upper Cretaceous formations play an important role in the build-up of the 
pre-Neogene basement (Dolenko et al. 1976; Kruglov and Smirnov 1963; 
Kultchitski 1967; Jivo and Petrashkevich 1971; Kruglov and Smirnov 1963). In the 
central part of the basin, the basement of which is dissected into blocks by 
Carpathian strike and perpendicular faults, the thickness of the marine Upper 
Cretaceous sequence is as great as 1000 m (Sviridenko 1976; Dolenko et al. 1976; 
Fig. 2).

Fig. 2
Extension of Upper Cretaceous formations in the basement of the Sub-Carpathian depression. 
1. Pienin Klippen Belt: 2. extension of Upper Cretaceous sediments In the pre-Tertiary 
basement; 3. borehole; 4. main tectonic lines



According to Sviridenko (1976), the Sub-Carpathian Depression is an 
independent structural-facial unit from the point of view of Upper Cretaceous 
paleogeography and history of evolution. Its formations are unknown in the 
adjoining areas. In his opinion, the so-called Krichovo-facies (Petrashkevich 1971) 
is the most characteristic formation of the Upper Cretaceous complex of the 
depression. The so-called Roman Formation is regarded as the heteropic facies of 
the Krichovo beds, which in spite of the similar lithofacies is interpreted as separate 
from the Puhó Marl Formation. Sviridenko (1976) attributes great importance to 
the Cretaceous-Paleogene volcano-sedimentary sequence explored in the zone of 
the Pannonian deep fault, and states that it proves the complete paleogeographic 
independence of the depression zone involving both the Pannonian basin and 
the Máramaros belt.

Within the Senonian sequence, three facies types can be distinguished (Dolenko 
et al. 1976). The first type, being equivalent to the Puhó Marl of the Wippen Belt, 
was found in the northeastern part of the depression, in the boreholes 
Zolotarevo-3 close to Dragovo, Svalyava (Vjalov et al. 1963), Kolodna-38 and 
Tjachov-8 and -16; thus, the extension of these strata is not solely dependent upon 
the close proximity of the Wippen Belt. This formation type consists of 
brownish-red marl and intercalated dark-grey aleurolite and sandstone strata. The 
famous Puhó Marl of the Wippen Belt was distinguished by D. Stur in 1860 on 
the basis of its characteristic features and was named after the village of Páhó 
(Puchov), of Trencsén County of that time. This formation was particularly studied 
by Majzon, 1943, using material from Felsőneresznice (Novoselica), Strojna, 
Perecsény (Perecin) and Gernyes (Ganic).

The second Senonian facial unit of the Sub-Carpathian depression is fairly 
similar to the former one. This is a Campanian-Maastrichtian sequence containing 
brownish-red siltstone, dolomitic marl, clayey limestone and grayish-green 
sandstone strata (Jivko and Petrashkevich 1971). The 50 to 120 m thick sequence 
of this formation type was penetrated by the Beregkisalmás (Zaluzh-2, -6), Ilosva 
(Irshava-2) and Taracköz (Teresva-13) boreholes (Sviridenko 1976; Dolenko et at. 
1976).

The third facies unit is represented by the Krichivo Formation. This Upper 
Cretaceous facies consists of dark-grey, sometimes black aleurolite, with limestone 
and sandstone intercalations. The Krichivo strata sometimes conformably overlie 
the Lower Cretaceous sediments. The Talaborfalva boreholes (Tereblinska-1, -4, -6 
and -10) explored the facies unit in its greatest thickness and extension. The 
Wichivo-type formation is also known in the Szeklence (Sokirnica-1, -2), 
Nagyszőlős (Vinogradovo-4), Taracköz (Terestva-11, -13, -15, -20 and -22) and 
Aknaszlatina (Solotvino-4) areas. The fossil-free sandstone beds revealed by the 
Ungvár borehole (Uzhgorod-2) is also believed to be of Wichovo facies (Dolenko 
et al. 1976).

Paleocene formations could not be identified from the boreholes drilled in 
Sub-Carpathia.

2 9 2  К. Szentgyörgyi
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From the petrological, faciological and stratigraphic standpoint, the Senonian 
sediments revealed by boreholes beneath Tertiary sequences in the central zone 
of the Great Plain and in Sub-Carpathia show great similarity. Although the spatial 
relationship between the two regions remains undiscovered, on the basis of the 
correlation of a part of facies, a paleogeographic relationship can be presumed.

Senonian facies belt of the southern part of the Great Plain

In the southern part of the Great Plain (Bácska, Central Tiszántúl), hydrocarbon 
exploration wells proved the presence of a continuous Senonian formation belt 
of SW-NE strike (Fig. 3). Concerning the paleogeographic and facial conditions, 
the Upper Cretaceous belt of the southern Great Plain is a separated unit; 
transition-like facies towards the northwestern Tiszántúl are unknown. In the 
southwest, in the region of Bácsalmás, Csávoly, Madaras and Csikéria, a zone of 
formations containing shallow marine and near-shore sediments is found, 
bordering the belt paleogeographically to the west and to the south. North
eastward, together with a thickening of the sequence, a facies group consisting 
of clastic formations adjoins the clastic-carbonatic area, with lateral facies 
transitions. The clastic sediments lie in a narrow, elongated zone, constituting a 
spatially continuous belt. They extend into the Tiszántúl, and their presence can 
be proven by boreholes in the pre-Neogene basement, up to the Romanian frontier.

Fig. 3
Outline of the extension of the Senonian belt of the Southern Great Plain. 1. lithologically 
tripartie (conglomerate, marl, limestone) shallow marine formations; 2. clastic (sandstone, 
aleurollte, conglomerate) formations; 3. Gosau facies.
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In the clastic sequence, some types of the Gosau facies occur close to the border; 
the Gosau-features become predominant in the Romanian part in the direction of 
Királyerdő (Padurea Craiului). The formations of this belt join the Gosau-facies 
found in the northern part of the Transylvania Mid-Mountains, with faciological- 
paleogeographic similarity (Fig. 4).

Consequently, the Senonian facies belt lying in the Bácska and in southeastern 
Tiszántúl contains essentially three formation types, which are connected by facies 
transitions.

In the Upper Cretaceous formation belt explored in the region of the villages 
of Szánk, Kiskunhalas, Csávoly, Bácsalmás, Madaras, Csikéria and Katymár, the 
sequences are characteristically tripartite, although certain columns are 
lithostratigraphically incomplete on the top. Senonian sediments overlie, with 
stratigraphic unconformity, underlying rocks of different age and formations. The 
overlying strata are Miocene, rarely Lower Pannonian sediments, with a 
remarkable unconformity at their base. The thickness of the Senonian formations 
varies between 150 and 500 m. The Upper Cretaceous sequence is built up 
lithostratigraphically by the three units:

1) Breccia and conglomerate of 20 to 180 m thickness are the basal formations, 
produced by the erosion of superficial rocks of the basement. Grain-size decreases 
upwards, the matrix becomes more sorted and consists of aleurolite or silty clay. 
N o fossils have been found in the sediments so far; the marine origin of the upper 
parts of the unit is only assumed.

2) The coarse-clastic series is overlain by a sequence consisting of silty marl and 
marl, encountered in a thickness of 60 to 120 m. This lithostratigraphic unit is 
probably much thicker; in the well sequences, the top is an erosional unconformity 
surface, and where Senonian formations are the overlying sediments, the 
boreholes finished in the pelitic beds (boreholes Csávoly-1 and Madaras-5). The 
shale and marl sequences are intercalated by thin, sorted sandstone and siltstone 
strata which, however, do not reach greater thicknesses and extensions. The 
lithologically essentially homogeneous pelitic sediments contain many 
Campanian-Lower Maastrichtian foraminifera. The sediments deposited under 
shallow water marine conditions, in the basin.

3) The third, lithostratigraphic unit of the epicontinental Senonian consists of 
bioclastic limestone of varying texture (boreholes Bácsalmás, Csávoly and 
Kiskunhalas). The maximal thickness of limestone is 420 m, but it is lacking in 
some sequences -  probably due to erosion. The boundary at the base, to the shale 
and marl in the underlying strata, is sharp; no strata alternation can be observed. 
The bioclastic limestone contains many fossil fragments.

In the Senonian belt of the Southern Great Plain, the other facies type is 
represented by the clastic Upper Cretaceous formation lying in a strip of 30 to 
50 km width, in the line of Mélykút, Kisszállás, Zsana, Kiskunmajsa, Gátér, Szentes, 
Fábiánsebestyén, Békés and Komádi. This facies type, encountered along the range 
without interruption, is made up of alternating sandstone and siltstone, with 
intercalating thin silty clay-marl beds. The usually several hundred metres thick

29 4  К. Szentgyörgyi
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Facial relationships of the Senonlan facies belt of the Southern Great Plain. 1. rhyolite and andesite tuff; 2. biogenic bioclastic limestone; 
3. intrabasinal marl, clay-marl; 4. shallow marine aleurolite; 5. schistose clay; 6. sandstone; 7. conglomerate; 8. brackish brown coal
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sedimentary sequence overlies transgressively, and with stratigraphic uncon
formity, the different pre-Senonian formations. The basal formation is unsorted 
breccia, rarely conglomerate. This is overlain by the clastic sequence consisting of 
the alternation of sandstone and aleurolite, in which thin conglomerate and silty 
clay-marl layers are intercalated. The rocks are dark-grey, usually strongly 
compressed; features relating to redeposition are frequent. The major part of the 
rocks is free of fossils; only the siltstone strata deposited under quiet conditions 
contain foraminifera.

The Senonian sequence developed by the rhythmic alternation of clastic 
sediments contains pelitic intercalations of remarkable thickness only in the area 
of Felgyő, Szentes and Komádi. In Felgyő and Szentes, the uppermost, 60 to 70 m 
thick section of the sequence consists of a silty clay-marl series in which a plankton 
foraminifer assemblage characteristic of the Upper Maastrichtian was found.

In the Komádi region two formation types are in contact with each other, but 
the manner in unknown, due to the lack of suitable data. Petrographically, the 
terrigeneous sequence is similar to the formation characteristic of the whole belt.

Nevertheless, other boreholes in Komádi revealed facies which considerably 
differ from those above. Unfortunately, of the boreholes only one penetrated the 
Senonian, and reached the basement consisting of crystalline schists. The deepest 
strata of the Senonian series consist of coarse-grained basal breccia; by means of 
gradual grain-size refinement, this passes over into sandstone. The sandstone 
contains limestone beds and lenses, with bioclastic-sandy material and with 
Inoceramus fragments. The sandstone with limestone lenses is overlain by silty 
clay-marl strata, containing Upper Campanian-Lower Maastrichtian foraminifera. 
The erosion surface of the clay-marl is overlain by Neogene sediments.

296 К. Szentgyörgyi

Senonian formations of the northwestern foreland of the 
Transylvanian Mid-Mountains

In the northwestern foreland of the mountains, covered by Neogene, and also 
in the area belonging to the Pannonian Basin, numerous hydrocarbon exploration 
wells reached the Senonian formations, which were encountered in thicknesses 
of 300-1100 m (Fig. 5). The series unconformably overlies units of different age 
and formations. These formations form a transition between the Senonian of the 
Southeastern Tiszántúl and the Gosau facies known in the northern part of the 
Transsylvanian Mid-Mountains. Senonian formations were found in the following 
boreholes in the Sebes Körös Valley (Crisul Repede): Vizesgyán (Toboliu-4018), 
Körösgyéres (Ghirisu de Cris-4019), Biharszentandrás (Sintandrei-1022) and 
Nagyvárad (Oradea-4006). The characteristic column of the sequence was 
encountered in the Vizesgyán borehole. The basal layer consists of conglomerate 
dissected by black lime-marl strata and intercalated with limestone lenses. This is 
overlain by a grey, silty lime-marl and marl sequence, interrupted by calcareous 
sandstone intercalations. The Senonian sequence ends with a series consisting of
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Fig. 5
Position of boreholes which encountered Upper Cretaceous formations In the northwestern 
foreland of the Transylvanian Mid-Mountains (after Bleahu, M. et al. 1971)

thick, white limestone and lime-marl strata of compact texture and with calcite 
veins (Fig. 6).

North of this region, beneath the Neogene cover, the following boreholes 
reached the Senonian strata: Bors (Bors), Biharpüspöki (Biharea), Biharfélegyháza 
(Mihai Bravu), Szalárd (Salard), Farnas (Sfirnas), Vámosláza (Chislaz), 
Hegyközszentmiklós (Sinicolau de Munte), Csokaly (Ciocaia), Vedresábrány 
(Abramut) and Paptamási (Tamaseu). The basal formation of the sequences are 
usually conglomerate or breccia, overlain by dark-coloured bioclastic limestone. 
The upper section of the sequences is characterized by the alternation of 
conglomerate and sandstone strata. The Upper Cretaceous sequences end with 
aleurolite and silty marl layers. The Senonian sequence, i.e. its upper part, is 
dissected by rhyolite and andesite tuff intercalations in the Vámosláz and 
Hegyközszentmiklós boreholes.
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Senonian formations in the northern part of the 
Transylvanian Mid-Mountains

In the Upper Cretaceous (Senonian), the difference in the Mesozoic history of 
evolution is also visible between the northern and southern parts of the 
Transylvanian Mid-Mountains. During the events of the Sub-Hercynian phase, 
the northern part was preserved as a stable region; the southern part was a 
eugeosyncline during the M esozoic, and the evolution of this part did not already 
come to an end in the Senonian. The Upper Cretaceous (Senonian) formations of 
the northern part are of Gosau-facies; the Upper Maastrichtian consists for the 
most part of volcanoclastites, while in the southern part of the Mid-Mountains 
the flysch facies predominates. Only in the northern margin of the southern part

Toboliu 401Ö 
(Vizesgyán)

Ghi r is  de Cris 4019 
( Körösgyéres)

B iharea 4022 
(Biharp üspöki)

r z r y ' y
— O O J2 ~  \  3 U 5 O

J__ L ~  r y \ IT~TgT

Fig. 6
Characteristic Upper Cretaceous sequences encountered in the northwestern foreland of the 
Transylvanian Mid-Mountains. 1. biogenic, bioclastic, rudist-bearing limestone: 2. lime-marl; 
3. clay-marl, silty clay-marl; 4. sandstone; 5. aleurolite, clayey aleurolite; 6. conglomerate
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are found Gosau-type sediments, where a wide shelf developed on the crystalline 
schists formations.

Stratigraphically, the Gosau-type formations of the northern part of the 
Transylvanian Mid-Mountains are tripartite: 1) Lower Gosau (Coniacian-Lower 
Santonian), 2) Middle Gosau (Upper Santonian-Lower Campanian) and 3) Upper 
Gosau (Upper Campanian-Maastrichtian) formations.

The Gosau facies developed in four zones (Fig. 7):
a) Covered by Neogene formations at the margin of the Pannonian Basin, in 

the Vizesgyán (Toboliu) -  Vedresábrány (Abramut) zone, along a NE-SW strike. 
Eastward, the zone joins similar formations of the Mid-Mountains in the region 
of Nagyvárad (Oradea).

Upper Cretaceous (Senonian) formations 2 9 9

Fig. 7
Extension of the Gosau facies in the Transylvanian Mid-Mountains (after M. Lupu and D. Lupu 
1960)
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b) Along the Vlegyásza, in the zone of N-S strike, in the Jádremete (Remeti) 
Basin, on the karst plateau of the Királyerdő (Padurea Craiului) and in the 
Nagybáród (Borod) Basin.

c) At the eastern margin of the Mid-Mountains, in the Jara Basin and in the 
Zilah (Zalau) area, the Senonian Gosau is known in smaller, isolated spots.

d) In the central part of the Mid-Mountains, in the Drócsa (Drocea) Mountains, 
in the Aranyos valley and in the Oklos (Ocolis) area.

In the Gosau series, Coniacian strata are unproven paleontologically. It can be 
assumed, however, that in the Biharrosa (Rosia) Basin, the red terrestrial beds, 
lying at the base of the Senonian, represent the Coniacian, since these are overlain 
by Lower Santonian rudist-bearing limestone. In the Gosau series, the greatest 
masses of the rudist-bearing limestone formed during the Lower Santonian- 
Maastrichtian were dispersed both in space and time. The limestone directly 
overlying the pre-Senonian formations is of Santonian age in the Brejesti area 
(Királyerdő) and in the Jádremete Basin, while in the Rév (Vadu Crisului) environs, 
the bioclastic rudist limestone, with a considerably unconformity, is of Campanian 
age. The deposits of the Maastrichtian often unconformably overlie the 
Campanian strata (Vida valley, Biharrosa basin). Senonian volcanism began in the 
Upper Campanian (Biharrosa basin) and terminated in the Lower Maastrichtian 
(Jádremete basin; Fig. 8).

Nagybáród basin

The sequence of this small Senonian basin starts with thin, freshwater-lacustrine 
strata of restricted extension; these are overlain by shallow marine littoral 
sediments (conglomerate, coaly clay, sandstone with Cyrena and Corbula, 
bituminous limestone) in the localities Báródsomos (Cornitel) and the southern 
margin of the Réz Mountains (Muntii Plopis). These beds represent the "Lower 
Gosau" strata group (Coniacian-Lower Santonian). The "Middle Gosau" begins 
with conglomerate; above it sandstone with sandy limestone lenses is found. At 
Feketenagypatak (Valea Neagra) the "Upper Gosau" is represented by Orbitoides- 
bearing limestones.

In the southwestern margin of the Réz Mountains (Muntii Plopis; Nagybáród- 
Borod and Cséklye-Cetea), unconformably deposited Santonian to Lower 
Campanian, red, 15-20 m thick conglomerate represents the basal member. This is 
overlain by sandstone dissected by limestone levels; in the upper part of the 
sequence, silty marl strata are intercalated. The Upper Cretaceous sequence is 
closed by bioclastic limestone (Fig. 9).

Biharrosa basin

The buildup of Senonian formations of the Biharrosa basin differs somewhat 
from the formations of similar age of the Nagybáród basin. In the western part of 
the basin, the sedimentary cycle begins with conglomerate; this is overlain by 
Upper Santonian-Lower Campanian rudist-bearing limestone. In the western 
part, the topmost member is fauna-free marl. In the eastern part of the basin, the
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Upper Cretaceous consists solely of Inoceramus-bearing marl; in the upper part 
of the sequence, tuff layers are intercalated (Fig. 10).

Thus, the Senonian of the Biharrosa basin consists of three units (Fig. 11):
1) The basal deposits consist of Coniacian reddish-violet and red sandstone, 

clay and aleurolite horizons. The total thickness of this group may be as high as 
500 m in the Aszóirtás area (Sohodol-Here the total thickness of the Senonian 
sequence amounts to 1500 m). In the southwestern part of the basin, the basal part 
of the Senonian consists of 10-15 m thick unsorted breccia, consisting of limestone 
detritus (Tarina, Lunca Sprie).

Borod
(N agybarid )

M aastrichtian

Roçia
(B iharossa)

Remeti
(Remec)

T~F
Г Г

Fig. 8
Classification and correlation of the Gosau sequence in the northern part of the Transylvanian 
Mid-Mountains (after D. Lupu 1975). 1. conglomerate: 2. sandstone; 3. brackish brown coal;
4. freshwater-brackish limestone; 5. rudlst-bearing bloclastic limestone; 6. shallow marine 
marl; 7. andesite tuff
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2) The basal formations are sometimes overlain by black aleurolite (Tarina, Lunca 
Sprie), elsewhere by marine limestone with gastropods, corals and rudists, from 
which a shallow marine marl series develops conformably, dissected by 
Acteonella-bearing sandstone, the total thickness being 250 to 400 m.

3) The Upper, Maastrichtian group of the Gosau consists of marl and marly 
limestone with Inoceramus. The rudist-bearing limestone beds and lenses 
developed at the base of the sequence (in the northeastern part of the basin in 
the middle of it). In the northeastern margin of the basin, the marl is partly replaced 
with coarse sandstone.

Senonian occurrences are also known in the central part of Királyerdő (Padurea 
Craiului), in the Mnieri valley, in the environs of Kalota (Calatea) and Rév (Vadu 
Crisului), further in the upper section of the Vida creek and in the area of Brejesti 
and Gyulatelke (Coasta Jocarului). The Gosau formations of Királyerdő often 
contain interbedded rhyolite and andesite tuff beds and varied volcano- 
sec! irr, cr tary intercalations, respectively. The occurrence of volcanosedimentary
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Fig. 9
Setting and petrological profile of Senonian formations in the southwestern margin of Munttl 
Rez (after M. Diaconu et al., 1 965). 1. bioclastic Senonian limestone; 2. Senonian sandstone;
3. terrestrial red clay and conglomerate; 4. Anisian dolomite; 5. Scythian dolomitic limestone;
6. Scythian variegated aleurolite; 7. mica schist
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Fig. 10
Classification of Senonian formations of the Biharrosa basin (after Patrulius 1974). 1. 
rudlst-bearlng bloclastlc limestone; 2. sandy limestone; 3. intrabaslnal marl; 4. sandstone; 5. 
conglomerate; 6. pyroclastics

strata is isolated within the Senonian sequence; their extension is independent of 
the Gosau facies (Brejesti, Tomnatec). In the Kalota (Calatea) area, the 
Santonian-Campanian sequence is built up by basal conglomerate consisting of 
limestone detritus. At Vársonkolyos (Suncuis) and Rév (Vadu Crisului), the 
Senonian is represented by brecciated Campanian limestone. At Gyulatelke 
(Coasta Jocarului), the Upper Cretaceous sediments are represented by 
rudist-bearing coralliferous limestone with rhyolite tuff.

Lithologically, the complete Gosau series is represented in the upper section of 
the Vida valley; the thickness of the formations, however, is considerably less than 
in the Biharrosa basin. The sequence begins with 10 m thick red basal breccia 
consisting of the detritus of disintegrated limestone (Esküllô-Astileau). This is 
overlain by bioclastic, rudist-bearing, sandy limestone. A 30 m thick Campanian 
Inoceramus-bearing marl covers the surface of the limestone. The topmost member 
of the sequence is a 1.5 m thick bioclastic limestone, containing fossils characteristic 
of the Maastrichtian. The Gosau sequence of the Brejesti area consists of 
conglomerate containing sandy, calcareous rudist-bearing limestone lenses, and 
of the overlying compact limestone of Santonian age.
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Correlation of the Gosau formation in the Biharrosa basin (after D. Patrulius 1974)
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Jádremete basin

The Upper Cretaceous sediments of the Jádremete (Remeti) basin differ from 
the sequence of similar age of the Királyerdő in the development of the upper 
section of the sedimentary cycle. The lowermost strata consist of a sandstone series 
with rudist-bearing limestone lenses. The upper part of the sequences, of Upper 
Maastrichtian age, consists of volcanosediments.

The basin's sequence begins with rudist-bearing limestone unconformably 
overlying Urgonian limestone (Fig. 12). From it, Pycnodonta-bearing sandstone 
develops. The upper section of the sequence consists of the alternation of

В

A

Fig. 12
Characteristic Senonian sequences of the Jádremete basin (after D. Lupu 1964). Profile A: 
(Les valley) 1. Urgonian limestone; 2. brecclated rudist-bearing limestone; 3. sandstone;
4. dacite; 5. coarse-grained sandstone; 6. marl; 7. sandy limestone; 8. micaceous sandstone;
9. conglomerate. Profile В (Valea Dobsurului): 1. Urgonian limestone; 2. rudist-bearing 
limestone; 3. fine-grained sandstone; 4. coarse-grained sandstone; 5. silty sandstone: 
6. sandstone with Pycnodonta; 7. lime-marl; 8. sandy lime-marl; 9. schistose lime-marl;
10. micaceous, sandy marl; 11. sandstone; 12. rhyolite
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sandstone and marl strata (Jószáshely creek-Valea Zimbrului). The sandstone and 
marl layers are locally replaced by Upper Maastrichtian volcanosediments (Valea 
Rea).

In the Les valley (Valea Lesului), the Senonian sequence begins with the strata 
of the "Middle Gosau", which consists of brecciated, Santonian-Lower Campanian, 
rudist-bearing limestone (Fig. 12). The "Upper Gosau" is represented by 
Maastrichtian limestone beds.

3 0 6  K. SzentgySrgyi

Havasrekettye (Rachitele)

Southeast of the eruptive mass of the Vlegyásza, north of the Meleg Szamos 
valley, a smaller Senonian occurrence is known, in the sequence of which the 
"Lower Gosau" is missing. The sequence begins with Upper Santonian-Lower 
Campanian microbreccia, dissected by marl beds with floral remnants. This is 
overlain by a limestone with Plagioptychus, containing sandy, rudist-bearing 
limestone lenses ("Middle Gosau"). The "Upper Gosau" consists of Upper 
Campanian sandstone, aleurolite and Maastrichtian marl.

Zilah (Zalau)

In the southeastern margin of the Meszes Mountains, in the Zilah area, the 
Senonian sequence is represented by Upper Santonian-Lower Campanian sandy, 
marly sediments, dissected by rudist-bearing limestone beds ("Middle Gosau").

Gosau formations of the southern Mid-Mountains

In the southern part of Muntii Apuseni, the Senonian is known in two facies: 
in the margin of the Gosau, and in basin environment with flysch and flyschoid 
facies. Gosau facies of Upper Cretaceous age is found (1) in the Gyalu (Gilau) 
environs, (2) in the Jara valley, (3) in the Aranyos valley and in the Nagyhalmágy 
(Halmaghiu) area, and (4) in the southern margin of the Drócsa (Drocea) 
Mountains.

The Gyalu (Gilau) occurrence lies south of the confluence of the Meleg and 
Hideg Szamos; here the rudist-bearing bioclastic limestone directly overlies the 
metamorphic basement.

Both facial types of the Senonian are found in the Upper Cretaceous basin 
known along the Jara river, running along the boundary of the Northern and 
Southern Mid-Mountains. In the basin's marginal zone, non-typical Gosau was 
deposited; in the basin's centre, flysch sediments accumulated. The base of the 
Gosau consists of breccia and conglomerate of local extension. The material of the 
detritus derives from the underlying crystalline schists. The coarse detritus is 
overlain by mollusc-bearing shallow marine sandstone with rudist-bearing 
limestone lenses; the rudist fauna of the Hesdát (Hasdate) area is of Upper 
Santonian-Lower Campanian age. The intrabasinal Upper Senonian sediments are 
of flysch development; here the thickness of the detrital sequence is as great as 
500 m. The total thickness of the Senonian here is 700 m (Szolcsva-Salciua).
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In the Aranyos valley, the Gosau is represented by (a) 1-70 m thick, 
cycle-initiating breccia, (b) 5-25 m thick sandstone with rudist-bearing limestone 
lenses and intercalations, (c) Inoceramus-bearing marl, and (d) a 100-400 m thick 
lithofacial unit built up by aleurolite and marl beds dissected by conglomerate 
intercalations. Strata group (d) often overlies the crystalline basement, i.e. without 
the preceding strata. In the upper section of the Aranyos valley (Oklos-Ocolis 
area), the Senonian sedimentary cycle begins above the 1-2 m thick basal breccia, 
or occasionally just directly with Upper Santonian rudist-bearing limestone. 
Fossiliferous calcareous sandstone, characteristic of the Campanian, develops from 
the limestone. Locally, the sandstone beds are laterally replaced by rudist-bearing 
bioclastic limestone. The topmost Inoceramus-bearing marl is usually of slight 
thickness.

In the Nagyhalmágy environs, and in the upper section of the Aranyos valley, 
the Senonian sequence developed in two lithofacies. Along the Hegyes (Highis) 
crystalline range, an essentially unchanging and unbroken Gosau belt developed 
up to Aranyosbánya (Baia de Aries). The sequence consists of three strata groups:

a) 15-70 m thick basal breccia and conglomerate;
b) sandstone and rudist-bearing limestone (Szlatina -  Valea Slatinei) which 

locally directly overlie the crystalline schists (Pietrele Aradului). The strata contain 
rudists characteristic of the Campanian. At Aszóirtás (Sohodol), in the depressions 
of the uneven surface of the pre-Senonian formations, redeposited bauxite 
containing rudist-bearing limestone lenses is found. In the upper sections of the 
sandstone layers, rhyolite tuff intercalations are known at Gajna (Gaina).

c) the third group of the Gosau series is formed by marl dissected by sandstone 
and limestone strata; the total thickness amounts to 25-80 m (Alsóvidra).

In the Aranyos valley, two other Upper Cretaceous subbasins are known: (1) in 
the area of Topánfalva (Cimpeni) -  Abrudbánya (Abrud) -  Lupsa; and (2) in the 
Alsóvidra environs. In both subbasins, the Senonian begins with a transgressive 
basal conglomerate of less than 60 m thickness; this is overlain by a sandstone 
with Acteonella (of about 10 m thickness) and by a 2-3 m thick bioclastic limestone 
lens-limestone bank. The limestone is in turn overlain by a 25-70 m thick basin 
marl. The Upper Cretaceous sequence ends with a 120 m thick Maastrichtian flysch 
unit, consisting of an alternation of sandstone and conglomerate strata.

In the valley of the Fehér Körös (Crisul Alb), only one isolated Gosau facies 
occurrence is known; here, rudist-bearing limestone unconformably overlies older 
Mesozoic formations (Bulcsesd-Bulzesti).

The southernmost occurrence of the Gosau in the Transylvanian Mid- 
Mountains is found at Konop (Conop), at the margin of the Drócsa (Drocea) 
Mountains. The basal Senonian formations are represented here by breccia and 
conglomerate, red clay and sandstone. This lithological unit can be traced in 
relatively uniform thickness up to Marosszalatna (Slatina de Mures), but its 
isolated remains are also found at Mosztafalva (Mustesti). The cycle-initiating, 
coarse-detrital strata are overlain by sandy and silty marl, in the lower horizon of 
which rudist-bearing beds and lenses of several metres thickness are intercalated.
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The Senonian developed in the southwestern margin of the Drócsa Mountains 
probably represents the Coniacian-Lower Santonian and the "Lower Gosau" 
sequences.

In the northern margin of the mountains, in the Mosztafalva (Mustesti) area, 
the Senonian sequence begins with Upper Santonian limestone breccia; this is 
overlain by marly sandstone. In the mountains' margin, several rudist-bearing 
limestone lenses and thin sandy-marly strata indicate the boundary of the 
Senonian sedimentary basin The sediments of the Maastrichtian are not 
paleontologically proven, but their presence is probable, since in the sediments 
the Campanian fauna is restricted only to the lower third of the entire sequence. 
The thickness of the Senonian developed in the margin of the Drócsa Mountains 
is about 500 to 600 m.
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Chronostratigraphic relations of the 
progradational delta sequence of the 
Great Hungarian Plain
György Pogácsás, Annamária Szabó Judit Szalay
Geophysical Exploration Со., Budapest Geophysical Exploration Co., Budapest

During the Upper Miocene-Pliocene post-rift evolution phase of the Pannonian Basin, several 
interconnected "interior sag"-type depression systems developed due to the cooling of the lithosphere. 
Having connected the key boreholes drilled by the Hungarian Geological Institute for paleomagnetic 
purposes in the margins and in the centers of the depressions with composite seismic profiles, a regional 
chronostratigraphic key section network could be constructed. Based on the seismic sequence strati
graphic and seismic facies interpretation of these profiles, a map series of five seismic chrono-horizons 
(12, 7.4, 6.4, 6 and 5.2 Ma) was prepared, using 100 m depth contour lines below the datum of Mean 
Sea Level. The same epochs were also represented by paleogeographic maps.

Within the Upper Miocene-Pliocene megasequence four unconformity horizons could be identified 
in the seismic profiles, all reaching the basin margins. The chronostratigraphic position of these seismic 
sequences bordered by unconformities and by their correlative conformities relates to the fact that the 
water level of the "Pannonian sea" rose and fell in the same pattern as the global sea level changes.

Key words: Chronostratigraphy, sequence stratigraphy, Pannonian Basin, paleomagnetic

Introduction

During the Paleogene-Middle Miocene synrift phase of the evolution of the 
Pannonian Basin, "proto"-basins related to strike-slip displacements were 
generated (primarily pull-apart basins and half-grabens bordered by listric faults).

In the Upper Miocene-Pliocene post-rift phase of basin evolution, several 
interconnected more "isometric" basins (interior sags) were formed due to the 
thermal cooling of the lithosphere. The Paleogene-Middle Miocene sediments 
filling the "proto"-basins consist of sedimentary sequences of different grades of 
tectonization, separated by unconformities which can be fairly well identified in 
the seismic profiles. The post-rift sediments filling the "interior sags" overlie the 
synrift sediments with erosional unconformities, and conformably in the areas 
covered continuously by sea water during the Middle Miocene.

The detailed facies mapping of delta sediments and the reconstruction of the 
delta progradation (which played a primordial role in filling the post-rift basin 
system of Upper Miocene-Pliocene age of East Hungary) are of great importance 
from the aspect of exploring the related stratigraphic and facies traps. Determining
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the generation potential, the history of maturation of the Neogene source rocks 
and the temporal succession of the hydrocarbon expulsion, to reconstruct the 
migration between the source rocks and the reservoirs: all these can be approached 
through the reconstruction of the subsidence history, the tectonic evolution and 
the spatial and temporal distribution of the facies conditions.

In the Great Hungarian Plain, the thickness of the syn- and post-rift sediments 
can attain four and five kilometers, respectively. Since the depocenters of the syn- 
and post-rift sedimentary basins did not coincide, their total thickness can be as 
great as 7-8 km. The syn-rift proto-basins are characterized by terrestrial-marine 
(Hámor et al. 1985), the post-rift "interior sags" by brackish-fluviatile-terrestrial 
facies series (Jámbor et al. 1985; Bérezi and Phillips, 1985). The best source rocks 
of the syn- and post-rift sequence are the Paleogene Tard Clay of euxinic facies, 
the Baden Clay of basinal facies, the prodelta Vásárhely Marl and the delta plain 
Tortel Clay (Koncz and Szalay 1991). The oil and gas generated from Neogene 
source rocks accumulated partly in the pre-Tertiary basement, partly in 
transgressive basal formations, platform carbonates, reefs, prodelta and delta slope 
turbidites, mouth and barrier bars belonging to delta fronts, in delta plain 
point-bars and channel fills (Kókai and Pogácsás 1991).

Stratigraphic background

From the point of view of the reconstruction of hydrocarbon generation and 
migration, the post-rift phase is most critical. During this period, the syn- and 
post-rift source rocks entered, and in some regions even passed through relatively 
rapidly, the generation zones. Based on mollusc-stratigraphic investigations of 
revisional character (Korpás-Hódi 1989; Magyar 1989; Korpás-Hódi et al. in press) 
within the seismic stratigraphic analysis of Upper Miocene-Pliocene sediments, 
first of all the time-transgressive facies could be identified. The sequence 
stratigraphy based on the seismic profiles proved to be a suitable tool for the 
relative chronostratigraphic classification of the sediments filling the basin of the 
Great Plain, and for the reconstruction of basin filling (Pogácsás et al. 1988). 
Magnetostratigraphic data from the paleomagnetic key boreholes drilled by the 
Hungarian Geological Institute (Rónai and Szemethy 1979; Rónai 1981; Hámor et 
al. 1985; Pogácsás et al. 1987, 1989; Lantos et al 1990; Elston et al. in press) and the 
K/Ar data of Neogene magmatites penetrated by boreholes located on the seismic 
profiles (Árva-Sós et al. 1983), served as a basis for the determination of the 
chronostratigraphic position of the seismic horizons. Having connected the 
magnetostratigraphic key boreholes and the hydrocarbon exploratory wells 
providing the Neogene (K/Ar) data, a chronostratigraphic database, consisting of 
regional composite seismic profiles was developed (Pogácsás 1985,1987; Pogácsás 
et al. 1987, 1989). This regional seismic database was the starting point for the 
detailed seismic chronostratigraphic and facies mapping of the interrelated 
Southeastern Hungarian great "interior sag" system (Békés Basin, Makó Basin, 
Derecske Basin).

3 2 2  Gy. Pogácsás et al.
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Paleogeography of the deposition of the post-rift sediments in SE-Hungary

Applying the magnetostratigraphic and K/Ar data to the chrono-horizons 
identified on seismic, and applying sections seismic facies analyses from methods; 
a homogeneous data system was obtained which allowed us to construct the

I

Fig. 1
Depth map of the 12 Ma B.P. horizon. 1. depth below sea  level; 2. pinching out
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Fig. 2
D epth map of the 7.4 Ma B.P.horizon (For the northern part of the Great Plain, in the region of 
V erpelét, Kaba and Sáránd, preliminary results are presented). 1. depth below sea  level (m); 
2. b asa l transgressive facies; 3. prodelta facies; 4. pinching out

chronostratigraphic and facies map series of the post-rift sediments of SE-Hungary 
on a scale of 1:200,000.

For the facies determinations, electro-facies data from well logs of the key 
boreholes of the region (Pogácsás et al. 1989; Kádár-Juhász et al. 1989), as well as 
the sedimentological results (Bérezi and Phillips 1985; Pogácsás and Révész 1987; 
Geiger and Révész 1987; Révész et al. 1989) were used as basic and control data. 
When separating the seismic facies, the seismic model for the post-rift sequence 
of the Pannonian Basin described above (Pogácsás 1980; Késmárky et al. 1981; 
Pogácsás and Völgyi 1982, 1983, 1987; Pogácsás 1984, 1985; Pogácsás and Révész
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Fig. 3
Depth map of the 6.4 Ma B.P. horizon. 1. depth below sea level (m); 2. delta plain facies; 
3. delta front facies; 4. delta slope facies; 5. prodelta facies; 6. pinching out zone

1985, 1987; Mattick et al. 1985; Várnai and Vakarcs 1990; Vakarcs and Várnai 1991) 
was applied. The comparison of the seismic, magnetostrati graphic and radiometric 
results with one another (Pogácsás 1985, 1987; Horváth and Pogácsás 1988; 
Pogácsás et al. 1988,1989) proved that the Vail theory (Vail et al. 1977) concerning 
the chronostratigraphic significance of seismic reflections, can be applied to the 
post-rift sediments of the Pannonian Basin. Having applied the available data 
system, maps were constructed on five chronostratigraphic horizons (those of 12, 
7.4, 6.4, 6 and 5.2 Ma; Figs 1-5). With the aid of seismic velocity data obtained 
from boreholes of the region, the seismic time-maps were transformed into 
depth-maps. Based on the seismic facies attributes, the positions of the delta plain, 
delta front, delta slope and prodelta facies belts 7.4, 6.4, 6 and 5.2 million years 
B.P were determined, in addition to the recent depth below sea level of the 
chrono-horizons.

On the map showing the depth of the horizon of 7.4 million years B.P (Fig. 2), 
the zone of transgressive basal formations is also shown. A more detailed seismic
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I

Depth map of the 6 Ma B.P. horizon. 1. depth below sea level; (m); 2. alluvial facies; 3. delta 
plain facies; 4. delta front facies; 5. delta slope facies; 6. pinching out zone

chronostratigraphic classification of the sediments deposited between 7.4 and 12 
million years could not be performed, since the older chrono-horizons identified 
in the boreholes of the basin margin are wedging out at the edges of the ridges 
separating the subbasins; thus, these could not be traced over greater distances.

The map series shown in Figs 1-5 shows the subbasins of the Pannonian Basin 
which were last to be filled. Only the post-rift sediment sequence filling the 
Vajdaság (Vojvodina) Depression in Yugoslavia is possibly younger.

Following the uplift of the orogenic belts (Alps, Carpathians) surrounding the 
Pannonian Basin, rivers transported the huge mass of eroded clastic sediments 
into the basin system. Between 12 and 7.4 million years ago, the sediments 
transported into the basin of the Great Plain first filled the depocenters lying 
closer to the basin margin. The internal, deep depressions of the Pannonian Basin 
were starving basins at that time; in these areas, the deep-basin and prodelta facies 
prevailed (downlap surfaces, condensed sequences). Between 7.4 and 6.4 million 
years B.P, the delta slope facies prograded from three directions (W, NE, E) in the
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Fig. 5
Depth map ot the 5.2 Ma B.P. horizon.For legend see Fig. 4.

region (Figs 2 and 3). Between 6.4 and 6 million years ago (Figs 3 and 4) the prodelta 
facies was replaced in the whole region by broad delta slope facies. The delta 
slope facies was surrounded by delta front, delta plain and an alluvial zone of 
varying width. 5.2 million years ago, the delta slope facies was restricted to a small 
area, and the major part of the region was occupied by delta plain and alluvial 
facies (Fig. 5). The position of the boundaries of each facies belt, as well as the 
advance of the prograding delta, are shown in Figs 6 and 7.
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Fig. 6
Positions of the facies boundaries of delta slope (prodelta and delta front) during the last 
7.7 Ma
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Fig. 7
Positions of the facies boundaries of delta plain (delta front and alluvial plain) during the last 
7.7 Ma
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Change of the rate of sediment accumulation in the post-rift phase

Having determined, point by point, the sediment thicknesses between the 
chrono-horizons of the studied area, and divided the sediment thicknesses by the 
duration of their deposition (rounded to one million years), a data system was 
obtained on the basis of which sediment accumulation rate maps could be 
constructed (Pogácsás et al. 1989).

In each facies belt, the sediment accumulation rates are as follows:
-  deep-basin and prodelta facies: 200 m/Ma
-  zone of distal and proximal turbidites: 1000 m/Ma
-  delta slope and delta front facies: 1800 m/Ma
-  delta plain: 700 m/Ma
-  alluvial, lacustrine, paludal facies: 450 m/Ma
The maximal sediment accumulation rates were, in all probability, higher, since 

during subsidence the sediments were compacted. Their present volume is less 
than it was at the time of their deposition.

Based on Figs 6 and 7 showing the migration of each facies zone, the rate of 
facies migration can also be determined.

3 2 0  Gy. Pogácsás et al.

Reconstruction of sea level changes of the Pannonian Inland Sea

The Upper Miocene-Pliocene filling of the Pannonian Basin was governed by 
the delta progradation from the basin margins (from the west, north and east) 
towards the basin center, as proven by the maps mentioned above.

At the beginning of the post-rift phase of basin evolution, the increase of 
sediment accumulation capacity (due to thermal subsidence) considerably 
exceeded the rate of sediment transport. The erosional detritus of the mountains 
surrounding the basin transported by the rivers began by filling the marginal 
depocentres. The basin center was at that time a starving basin. Thus, in the 
Pannonian Basin, considerable differences of water depth (500 to 1500 m) 
developed (Lukács-Miksa, Pogácsás and Varga 1983; Pogácsás 1984,1985). Mattick 
et al. (1985) postulated an early and a late delta system, characterized by greater 
and lesser water depth differences, respectively.

Later, when sediment transport prevailed over subsidence, prograding delta 
systems occupied the Pannonian Basin. Concurrently with the progradation, the 
water depth differences between the delta plain and prodelta zones gradually 
decreased. As a result of this model, the question arose whether water level 
fluctuations existed in the Pannonian Inland Sea, and whether sequences bordered 
by unconformities developed within the thick Pannonian sedimentary unit or not.

As has been demonstrated (Pogácsás et al. 1987,1989,1990) in the long composite 
seismic profiles extending over the northern and western margin of the Great 
Plain basin, unconformities can be identified within the post-rift sedimentary unit. 
With the aid of seismic stratigraphic methods, the age and duration of the hiatuses 
represented by these unconformities could be determined (Pogácsás 1985, 1987,
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1990; Pogácsás et al. 1987,1989; Pogácsás and Seifert, 1991). In the seismic profiles 
extending over the basin margins, four unconformities can be defined which are 
bound to sea level decrease (Fig. 8).

The systems tracts identified within the sequences bordered by unconformity 
surfaces are separated by dotted lines. Within the sequences, parasequences could 
be distinguished; these are represented by Arabic numbers from the oldest to the 
youngest ones.

Based on seismic facies attributes (amplitude, continuity, geometry), repeating 
facies can be identified within the sequences bordered by unconformities (Fig. 9). 
Within the four post-rift sequences, the facies series are repeated several times. 
This is due to the fact that the Pannonian sea level rose and fell, as a result of 
which the facies migrated forward and backward at the margin of the Pannonian 
Sea (Fig. 9).

Based on seismic sequence series identified on seismic profiles, a depositional 
history chart can be constructed (Fig. 10). In the chart, the vertical axis represents 
geological time. The seismic sequences are separated by (sedimentation) hiati. The 
size of the hiati decreases towards the basin center. On the right, the age data, 
determined by paleomagnetic methods, and on the left the ages of the beginning 
and end of hiatuses represented by each unconformity, are shown. Age 
determination is based on paleomagnetic anomalies of borehole Tiszapalkonya-1, 
drilled in the close neighborhood (Lantos et al. 1990); it was projected along 
composite seismic profiles to the profile in question. This permitted the age 
determination of the separated seismic sequences.

The duration of hiati represented by each unconformity surfaces are as follows:
-  unconformity surface No. II: 7.6-7.9 million years
-  unconformity surface No. Ill: 6.8-5.7 million years
-  unconformity surface No. IV: 5.4-4.5 million years.
These unconformity surfaces can be related to the water level decrease of the 

Pannonian sea. It should be noted that the water level decrease dated to 5.7-Ó.8 
million years in the northern margin of the Great Plain represents a shorter time 
(6.3-6.7 million years), compared to the chronostràtigraphic interpretation of the 
seismic profiles measured in the eastern margin of the Derecske depression.

Hiati demonstrated in the marginal zones of the Great Plain Basin can be 
compared with the dates of eustatic sea level falls of Haq et al. chant (Haq et al.
1987). As far as the sea level change chant of Haq et al. (1987) is concerned, 
considerable falls can be demonstrated in the sea level during the Upper 
Miocene-Pliocene. The ages of these paroxysms are approximately 10.9, 7.8, 6.3 
and 5.2 million years. It can be seen that the water level drops of the Pannonian 
Inland Sea correlate significantly with these global sea level falls. This 
phenomenon proves that the water level of the Pannonian Inland Sea changed 
during the deposition of the post-rift sequence, in the same phase as the global 
sea level changes did.

Though the Pannonian Inland Sea was gradually isolated from the global ocean 
during this period, on the basis of the investigations above it seems that the water
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level of this inland sea was considerably affected by the Upper Miocene-Pliocene 
events that generated the global (eustatic) sea level changes.
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Fig. 8
Seismic line (N-S) recorded at the northern margin of the Great Plain. At the margin of the basin, 
four unconformity surfaces can be identified (thick lines). Parasequences are marked by 
Arabic numbers from the oldest towards the youngest ones. System tracts within the 
sequences (LST -  Lowstand, TST -  transgressive, HST -  highstand) are marked by broken 
lines (after Pogácsás and Seifert 1991)
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DEPOSITIONS. ENVIRONMENTS-
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Facies Interpretation of the seismic profile shown in Fig. 8
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Profile of depositional history constructed on the basis of the seismic stratigraphic and seismic facies interpretation of the line shown in Fig. 
8. On the right of the profile, the age boundaries identified in the Tiszapalkonya-1 paleomagnetic key borehole (drilled by MÁFI), on the left 
the ages of start and end of each hiatus represented by the unconformities, are presented (after Pogácsás and Seifert 1991)
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Tethys "western ends" during the Late Paleozoic 
and Triassic and their possible genetic 
relationships
Sándor Kovács
Academic Research Group, Department of Geology 
Eötvös Loránd University of Sciences, Budapest

During the Late Paleozoic and Triassic four western endings of the Tethys Ocean existed: "Paleotethys" 
(in the sense of Sengör 1984): South Crimean-North Dobrogean branch and Pontide-Strandzadide 
branch; "Neotethys" (in the above sense): Dinaric-Alpine branch (Vardar/Axios Ocean and related 
zones) and Aegean-Sicilian branch (transformed from a kind of Paleotethyan domain into a Neotethyan).

There were no connections between the extra-Carpathian "Paleotethys" western ends and the 
intra-Carpathian "Neotethys" northwestern end (Transylvanide-Meliatic-Euhallstatt oceanic basins); 
the latter formed the northwestern end of the Dinaric-Alpine branch. A "Polish-East Carpathian Gate" 
of the Germanic Basin via the East Carpathian zones did not exist during the early Middle Triassic; 
this connection was outside of the Carpathian domain, through the Predobrogean Zone.

The Aegean-Sicilian branch may have been a subduction regime closing (or becoming dormant?) 
by Ladinian-Carnian times. This subduction resulted in the intense Triassic orogenic-type magmatism 
of the Southern Alps-Dinarides-Hellenides, and in the simultaneous opening of the (or an) ocean in 
the Dinaric-Alpine branch during the Middle Triassic as a back-arc basin. The Transylvanide-Meliatic- 
Euhallstatt oceanic domain was connected to the Tethys through the Dinaric-Alpine branch; comparable 
formations can be found in the Maliak Zone of the Hellenides.

An early Late Triassic Paleotethyan suture should not be sought in the Carpathians, but within the 
Aegean-Sicilian branch. In this domain the Alpine sedimentary cycle began only in the Late Triassic, 
and in an assumed major strike-slip regime between Gondwana and Laurasia (Baud et al. 1991; Stampfli 
et al. 1991) it was transformed into a Neotethyan domain. Probably related to these oblique-slip 
movements, the seaways of the Pindos-Budva, Lagonegro and Sicani-Imerese zones formed, in which 
pelagic sediments were deposited throughout the rest of the Mesozoic, overlying pre-Norian olisto- 
stromal—flysch and/or volcanic complexes.

The Apulian microplate was not part of Africa during the Late Paleozoic and Triassic, an "Adriatic 
promontory" did not exist during this time.

Key words: Paleotethys, Neotethys; Late Paleozoic and Triassic paleogeography; Tethys western end

1. Introduction

On Late Paleozoic and Early Mesozoic global reconstructions the Tethys system 
appears as a large, V-shaped equatorial embayment of the Panthalassa Ocean (see 
Fuchs 1985, Fig. 3; Tollmann 1984, Fig. 1; Tollmann and Kristan-Tollmann 1985, Fig.
2), wedging between Laurasia and Gondwana (Pangea) dissected by a number of 
microcontinents and oceanic seaways (cf. Sengör 1984). Late Paleozoic-Triassic 
formations in the Eastern Mediterranean region bear witness of at least four
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seaways, each of them being a possible candidate for the "western tip" of the large 
"V letter" of Tethys Ocean s.l. at that time (Figs 1, 2). They are as follows:

-  South Crimea-North Dobrogea
-  Pontides-Strandiadides
-  Dinarides-Alps
-  Lagonegro-Sicily

O ccurrences of marine Late Permian formations (1) respectively Late Paleozoic-Triassic 
(pre-Norian) trench complexes (2) in the Eastern Mediterranean area. 1. Karakaya Complex: 
1a. Chios: 2. Phyllite-Quartzite Series, Tyros Beds: 3. base of Subpelagonian Nappe; 4. Budva 
Zone (only in the Anisian); 5. Lagonegro unit (Monte Facito Fm.); 6. Sicani and Imerese Units 
(Lercara Fm., Mufara Fm.) M+B -Meliata and Bükk units. Early to Middle Triassic subduction- 
related magmatism occurs only in 1-4
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Occurrences (1) of eupelagic Middle-Late Triassic formations ("Hallstatt Limestone 
megafacies" s.l.) in the Eastern Mediterranean area. N. Dobr. -  North Dobrogea; 
Str. -  Strandfadides; W.P. -  Western Pontides (Istanbul Nappe); M+B -  Meliata and Bükk units

The first two represent the western ends of "Paleotethys" in the sense of ßengör 
(1984), and will not be dealt with in detail in the present contribution. Here we 
would only like to stress that these extra-Carpathian units could not have had an 
extension into the Inner Carpathian-Alpine domain, as has been proposed in 
several models (e.g. Kozur 1991a, b).
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The third one (called here the "Dinaric-Alpine branch") is usually considered 
as the Red Sea-type (north)western end of the Early Mesozoic Tethys. It ends 
within the Euhallstatt domain of the Eastern Alps (cf. Lein 1981 and Tollmann 
1987) and its position as "Tethys western termination" ceased after the Late Liassic 
opening of the Penninic Ocean from the West (as a result of the opening of the 
Atlantic Ocean; see Dercourt et al. 1984; Kázmér and Kovács 1989). It corresponds 
to the termination of Neotethys1 in the sense of $engör (1984).

The fourth one (called here the "Aegean-Sicilian branch") was a subduction 
regime with olistostromal flysch-type trench complexes and represents the western 
end of the southern domain of the Tethys in the East Mediterranean region. The 
interaction between the closure of this regime and the opening of the 
Dinaric-Alpine branch will be discussed in some detail in this paper. The existence 
of this seaway also proves that an "Adriatic promontory" of Africa, as proposed 
in the earliest plate tectonic reconstructions, did not exist at that time.

2. Pre-Penninic Tethys "western ends"

2.1 The Dinaric-Alpine branch

Distribution of Late Paleozoic marine formations shows that a "Dinaric Sea" 
extended here over the Dinarides towards the NW, up to the Carnic Alps, during 
the Middle Carboniferous to Early Permian, and reached as far as the Dolomites 
during the Late Permian (Buggisch et al. 1976, 1978; Schönlaub 1979; Venturini et 
al. 1982).

A portion of its northwestern part can now be seen in the Bükkium of 
northeastern Hungary, displaced about five hundred kilometers towards the NE, 
due to sizeable Paleogene tectonic escape processes into the domain which later 
became the basement of the neotectonic Pannonian Basin (cf. Kázmér and Kovács 
1985; Balia 1988).

Middle-Upper Triassic eupelagic sequences and ophiolites are found in the 
Inner Dinarides, in the Transylvanides of the East Carpathians (preserved as 
sedimentary klippen in the Barremian-Albian wildflysch of the Bucovinian Nappe 
and small obducted nappe outliers lying above it; Sândulescu et al. 1981a, b), in 
the Gemer-Bükk units of the Pelso Megaunit and in part of the Juvavicum of the 
Northern Limestone Alps ("Euhallstatt domain" in the sense of Tollmann 1985, 
1987).

The evolution of this branch was basically determined by the final phase of the 
Variscan evolution (=tectogenesis of the Variscan flysch basin) and the Middle

1 The terms "Paleotethys and "Neotethys" are used here according to ßengör 1984; the former denotes 
those basins of the Tethys s.l. w hich were closed during the Late Triassic or latest in the late Middle 
Jurassic, while the latter denotes those, which began to open in the Early or Middle Triassic (or in 
the Late Permian more eastward), reached their largest extent mostly in the Jurassic and were 
closed earliest in the latest Jurassic, but mostly considerably later.
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Triassic oceanic opening. Between these two main events no major changes took 
place in the plate tectonic organization of this region.

During the late Early Carboniferous and Middle Carboniferous, a flysch basin 
was formed in the area of this branch, the sediments of which can be seen from 
the Drina Paleozoic and Bosnian Schist Mts. (Dimitrijevié 1982; Dokovic 1987) to 
the South Karavanken Alps-Carnic Alps (Tessensohn 1971; Schönlaub 1985) and 
(displaced towards the NE due to Tertiary terrane movements) in the Gemer-Bükk 
units (Kovács and Péró 1983a, b; Ebner et al. 1990, 1991; Vozárová and Vozár in 
press; for comprehensive summaries of all these units see Ebner 1991,1992). These 
sequences, together with their preflysch complexes, were deformed during the 
final phase of Variscan tectogenesis, mainly between the Westfalian В and C 
("Carnic phase", Vai 1975; see also Scharbert and Schönlaub 1980 and Neubauer
1988) (Fig. 3).

During the Late Carboniferous to Middle Permian (the Variscan neotectonic 
stage; see Massari 1988), repeated transgressions/regressions took place in the 
embayment-like "Dinaric Sea", reaching as far as the Carnic Alps, respectively 
Bükk.

However, in the Drina Paleozoic and Bosnian Schist Mountains, there was a 
hiatus between the tectogenesis of the flysch and the Late Permian transgression 
(cf. Dimitrijevic 1982).

The Late Permian transgression ("Bellerophonkalk event”) was already the 
beginning of the Alpine sedimentary cycle (Fig. 3). This Dinaric Sea reached as 
far as the Western Dolomites by the end of the Permian (cf. Buggisch 1976,1978), 
surrounded by an evaporitic sabkha belt ("Facies Fiammazza" in the Southern Alps, 
"Haselgebirge" in the Hallstatt Triassic of the Northern Limestone Alps and 
Perkupa Evaporite Formation in the Silicicum of NE Hungary and SE Slovakia).

The Middle Triassic oceanic rifting (by which time the transgressing sea reached 
its largest extent, the "Muschelkalk Sea" flooding most of the epicontinental 
Europe) occurred, however, not along the axis of this Late Permian gulf, but along 
its northeastern evaporitic sabkha belt (Silicicum-Meliaticum and Euhallstatt zone 
in the Juvavicum). Formations of this Red Sea-type, young, rifted ocean can be 
seen in the Inner Hellenides-Inner Dinarides (see below), in the Transylvanides 
of the Eastern Carpathians (Sändulescu 1980), in the Meliaticum and neighbouring 
pelagic units (part of Silicicum and Tornaicum) of the Gemer-Bükk units of NE 
Hungary and SE Slovakia (Kovács 1984; Grill et al. 1984; Mello, in Bajanik et al. 
1984 and in Eleiko et al. 1985; Réti 1985; Kozur and Mock 1973, 1987) and in the 
Euhallstatt Zone (=Salzberg Facies) of the Northern Limestone Alps (Lein 1981, 
1987; Mandl 1984; Tollmann 1985, 1987).

In the present contribution we are not going to participate in the discussion of 
whether there were two oceanic seaways in the Inner Hellenides-Inner Dinarides, 
separated by an intraoceanic Pelagonian carbonate platform (e.g. Dimitrijevic 1982; 
Aubouin et al. 1970), or only one. In the latter case, all the ophiolite nappes are 
interpreted as originating from the Vardar/Axios Zone (see Andjelkovié 1976,1979: 
"Ibar root zone" and "Ibar mesocharriage"; Jacobshagen 1979, 1986; Papanikolaou
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Fig. 3
Middle Carboniferous paleogeographic model of the northwestern end of the Dinaric-Alpine branch (Ebner et al. 1991)1. flysch basin; 
2. carbonatic-siliciclastic shelf; 3. near-shore zone (early post-Variscan marine molasse); 4. continental area (Early Varlscan crystalline 
mountain ranges); 5. present-day tectonic units; 6. islands; 7. track of younger strike-slip zones (the sinistral slip between the Landeck 
Quartzphyllite and the Gurktal Unit is after Tollmann 1987, pp. 105-106, Figs 3-4); 8. track of the future Vardar ocean opening; Szb. -  
Szabadbattyán, Nő. -  Nötsch; Eb. -  Ebriach; Quph. -  quartzphyllite
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Fig. 4
Late Permian paleogeographic model of the northwestern end of the Dinaric-Alpine branch. 1. carbonate shelf ("Bellerophon Formation" in 
general, "Facies Badiota" in the Southern Alps, Dinnyés Dolomite in the Transdanubicum, Nagyvisnyó Limestone in the Bükkium); 2. coastal 
lagoons or sabkhas ("Facies Fiamazza" in the Southern Alps, Tabajd Evaporite in the Transdanubicum, Perkupa Evaporite in the Silicicum, 
"Haselgebirge" in the Juvavicum); 3. continental areas with "red-bed" sedimentation (Groden Sandstone in the Southern Alps, Balaton Red 
Sandstone in the Transdanubicum) or with other type of elastics (Präbilch Conglomerate in the Tirolicum). S.A. -  Southern Alps; TDR -  
Transdanubian Range; NCA -  Northern Calcareous ALps; MAA -  Middle Austroalpine; LAA -  Lower Austroalpine
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Generalized Middle Triassic paleogeographic reconstruction of Europe (according to the 
single-oceanic model Inner Dinarides-lnner Hellenides) (mainly after Ziegler 1 989; Rau and 
Tongiorgi 1981, modified in the Tethyan region). 1. continental areas; 2, hypersaline lagoons;
3. grabens; 4. epicontinental seas; 5. carbonate shelves; 6. pelagic domains (in part with 
oceanic crust); 7. intense island-arc type volcanism; 8. subduction; 9. mid-oceanic ridges; 
10. important faults; 11. strike-slip faults; I -  North Dobrogea; II -  Strandi ides

1984, 1986; Ricou et al. 1986). In the Hellenides-Dinarides all typical and classical 
occurrences of the Triassic Hallstatt Limestone facies are known to occur to the 
west of the Subpelagonian (in the sense of Papanikolaou 1984, 1986) and Drina- 
Ivanjica (in the sense of Dimitrijevié 1982,1983) carbonate platforms: see Krystyn 
and Mariolakos 1983; Krystyn 1983; Kaufmann 1976; Ferrière 1982; Migiros and 
Tselepidis 1990 in the Maliak Nappe of the Hellenides and Fischer and Jacobshagen 
1976; Sudár 1981, 1988 in the Lim Nappe of the Dinarides (in the sense of 
Andjelkoviè 1976, 1979). Their origin (west or east of the above-mentioned 
carbonate platforms) is discussed, but several authors incline to originate them,
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at least the Maliak Nappe, from east of the Subpelagonian platform, that is, from 
the Vardar/Axios Zone (see the discussion in Jacobshagen 1986, p. 101;
Papanikolaou 1984, p. 33, Fig. 9). From the Vardar/Axios Zone, however, Hallstatt 
limestones (red facies) are not yet reported, with the exception of the
Circum-Rhodope Zone; here Carnian Hallstatt limestones are present as
intercalations in a carbonate platform sequence (Kaufmann et al. 1976). 
Nevertheless, a derivation of all the ophiolite and Hallstatt Limestone-bearing 
units from the Vardar/Axios Zone (with the exception of those of the
Pindos-Cukali-Budva Zone) does not seem to be impossible, based on the example 
of the inverse tectonics recognized in the Juvavicum of the Northern Limestone 
Alps (Plöchinger 1976; Tollmann 1981). In this paper we choose the simpler, 
one-oceanic model, that is, derivation of all these units in word from the 
Vardar/Axios Zone; however, there are also important arguments supporting the 
two-oceanic model (see Dimitrijevic 1982; Dimitrijevic and Dimitrijevic 1991, Sudár 
1986). According to the kind personal communication of Professor M.D. 
Dimitrijevic, the westerly Ophiolite Belt should have opened in the Middle Triassic 
and closed in the Late Jurassic, whereas the oceanic basin of the Vardar Zone s.s. 
opened already during the Paleozoic and closed in the Late Cretaceous.

A possible correlation of the Gemer-Biikk palinspastic section with that of the 
northern sector of the Hellenides (as a working hypothesis to be worked out in 
detail in the course of the ongoing cooperation with Greek colleagues) is shown 
in Figs 6a, b, both for the one-oceanic and the two-oceanic models.

In the case of the two-oceanic model (a type of which was also favored in the 
earliest papers of the present author; see Kovács 1980, Fig. 5 and 1982, Fig. 3), the 
Transylvanides would represent an oceanic terrane deriving from the western 
ophiolite zone, similarly to the Meliaticum and the Euhallstatt Zone. We believe 
that the hypothetical Exotic Ridge of the Pieniny Wippen Belt, which supplied 
exotic pebble material for Albian-Senonian conglomerates (MiSik et al. 1977), 
represented an allochthonous terrane of Transylvanide origin (Kázmér and Kovács
1989).

2.2 The Aegean-Sicilian branch

To the southwest, respectively to the south of the Vardar/Axios Zone, remnants 
of an entirely different Late Paleozoic to Early Mesozoic geotectonic domain can 
be found, represented by olistostromal flysch-type sequences, ranging in age at 
most from Middle (or late Early) Carboniferous to Middle, respectively early Late 
Triassic, and by Lower-Middle Triassic, orogenic-type volcanic complexes with 
sedimentary intercalations. They build up the pre-Late Triassic basement of several 
Hellenic nappes, e.g. that of the Subpelagonian Nappe (Papanikolaou 1984; Sideris 
1989), of the Mani (''Plattenkalk'') Unit, respectively the entire Tyros Beds and the 
"Phyllite-Quartzite Series” occurring between the Mani and Trypolis Units 
(Papanikolaou and Skarpelis 1986; Krahl et al. 1983, 1986; Papanikolaou 1989; 
Sideris 1989). For a description of the volcanic arc complexes, see Pe-Piper (1982,
1983).

Acta Geologien Hungarica



Acta G
eologien Hungarica

TORNAICUM MELIATICUM SILICICUM

V

AXIOS (VARDAR)
Fig. 6a
Tentative correlation of the late Middle to Late Triassic pelagic isopic zones of the Gemer-Bükk units of NE Hungary-SE Slovakia and of 
the Hellenides (the latter after Papanikolau 1984, slightly modified; subzones of the Maliak Zone in the Othrys Mts after Ferrière 1982). 
Variant A: Units of the Maliak Zone derive east of the Subpelagonian platform, from the Vardar/Axios Zone. 1. oceanic crust; 2. continental 
crust; 3. carbonate platforms; 4. pelagic carbonates; 5. radiolarites; 6. siliciclastics (fine-grained); 7. evaporites
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Fig. 6b
Tentative correlation of the late Middle to Late Triassic pelagic isopic zones of the Gemer-Biikk units of NE Hungary-SE Slovakia and of 
the Hellenides (the latter after Papanikolau 1984, slightly modified; subzones of the Maliak Zone in the Othrys Mts after Ferrière 1982). 
Variant B: The Triassic oceanic basin of the Maliak Zone was situated to the west of the Subpelagonian platform. For legend see Fig. 6a.
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Similar olistostromal-flyschoid sequences occur in the Southern Apennines 
(Lagonegro Unit, Monte Facito Formation; D'Argenio et al. 1986) and in Sicily 
(Imerese and Sicani Units, Lercara and Mufara Formations; Catalano and 
D'Argenio 1981,1982). The connecting link between the Hellenides and the South 
Apennine-Sicilian units is thought to be through the Budva Zone of the Dinarides. 
However, in this zone probably only a marginal part of that domain is known, 
wildflysch-type sediments being present only in the Anisian (Dimitrijevié 1967, 
Dimitrijevic and Dimitrijevic 1989), overlain by Ladinian andesitic volcanics 
(Dimitrijevic 1982).

Formations of the volcanic arc are not known in the Lagonegro and 
Sicani-Imerese units; however, such rocks are widespread and characteristic in 
the Southern Alps and the Dinaric platform (e.g. Castellarin et al. 1980; Castellarin 
and Rossi 1981a, b; Brusca et al. 1981; Marinelli et al. 1980; Pamic 1982, 1984).

In the eastern continuation of the Hellenides, these volcano-sedimentary 
formations are well known on the island of Chios (with a characteristic olistostrom 
complex, while the Triassic volcanics are only subordinate; Papanikolaou and 
Sideris 1983, 1992; Sideris 1989; Baud et al. 1991) and especially in the Karakaya 
Complex of NW Turkey, where both the olistostrom unit and the Lower-Middle 
Triassic magmatic arc complex occur characteristically (Okay 1985,1989).

The two tectonic units of Chios are both attributed to the Subpelagonian Nappe 
(Papanikolaou 1984); also, the Karakaya Complex is correlated with its basis by 
Papanikolaou and Demirta^li (1987).

These Late Paleozoic-Early Mesozoic olistostromal flysch-type sequences, 
extending from the Aegean domain to Sicily, can be interpreted as a trench complex 
connected to the subduction of a southerly-lying oceanic domain. The Early to 
Middle Triassic volcanic complexes of the Hellenides, Dinarides and Southern 
Alps, as well as of the Karakaya Complex, geochemical investigations of which 
have shown their orogenic, island-arc type (Castellarin et al. 1980; Castellarin and 
Rossi 1981a,b; Marinelli et al. 1980; Brusca et al. 1981; Bébién et al. 1978; Pe-Piper 
1982,1983; Okay 1985,1989), were formed during the final stage of this subduction. 
One may suppose here, as did Baud et al. 1991, the subduction of a Paleotethyan 
(in the sense of $engör 1984) oceanic domain, probably accompanied with a 
transpressive regime between Laurasia and Gondwana (cf. Rau and Tongiorgi 
1981).

These volcano-sedimentary complexes form the base of different Alpine nappes 
from the Hellenides to Sicily. As representing the final stage of a former 
tectonocycle, their areal distribution did not necessarily coincide with the strike 
of the future Alpine isopic zones, which were established here only from the Late 
Triassic onward. Therefore, the opinion of several Italian geologists, namely that 
the Alpine sedimentary cycle started only in the Late Triassic (e.g. in the Norian: 
Farabegoli and Viel 1981), is confirmed for the Aegean-Sicilian branch.

However, as discussed above, in the Dinaric-Alpine branch it began already in 
the Late Permian.
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The Middle Triassic opening of an oceanic basin in the Dinaric-Alpine branch 
behind this Early to Middle Triassic volcanic arc can be easily explained by a 
back-arc basin mechanism, as a reaction to the subduction in the Aegean-Sicilian 
branch (see below).

2.3 South Crimean-North Dobrogean branch

The North Dobrogean Zone constitutes the aulacogene-like end (see Vlad 1978) 
of the Caucasus-Crimea-North Dobrogea trunk of the Cimmerides (in the sense 
of Sengör 1984). Its most characteristic formations are Early Anisian to Late 
Carnian/Early Norian pelagic Hallstatt-type limestones (red, respectively grey 
basinal facies), overlying Scythian marine "Werfen" beds (Mirauta et al. 1967,1968; 
Patrulius et al. 1971; Mirauta 1982). Besides the basinal formations, platform 
carbonates (Anisian dolomites and Carnian Wetterstein-type limestones: Baltres 
et al. 1982) are also present. Basic magmatic rocks (basalts, subordinately gabbros 
and dolerites) occur mainly in the Niculitel Unit, and bear evidence of short-lived 
rifting. They are interpreted by Sandulescu (1984, p. 127) as intraplate-type basic 
rocks connected to intracontinental rifting, while according to Cioflica et al. (1980), 
they have an affinity to ocean-floor basalts, but with sialic influence. Besides basic 
rocks, acidic ones also occur (Mirauta 1982). Carbonatic-siliciclastic flysch-type 
sedimentation prevailed from the Early Norian, and continued into the Jurassic 
(the Nalbant Flysch in part).

In South Crimea only the Late Triassic (and pre-Late Jurassic) flysch (the Tauric 
Flysch in part) occurs on the surface; older rocks are known only as olistoliths 
(Sändulescu 1980, 1984, 1989).

The South Crimean-North Dobrogean branch is interpreted as a back-arc basin, 
opened due to the subduction of the main Paleotethys in the Pontides (see Kazmin 
1990; Dercourt et al., 1990a, b, Plate 1). Flysch sedimentation began in the Early 
Norian (indicating the "Old Cimmerian" tectonism) and continued until the 
Bathonian (see also Adamia et al. 1990).

2.4 Pontide-Strandíadide branch

The Strandzadides represent the western end of the Pontide-Strandzadide 
trunk of the Cimmerides (in the sense of ßengör 1984), on the northern side of 
the Intra-Pontide Suture, considered by Okay (1989) as the main Paleotethyan 
suture in NW Asia Minor. According to Őatalov (1990), its north-vergent 
nappe-system contains three different types of Triassic: 1) the foreland-type 
Subbalkanide Triassic, showing relationships to the epicontinental Balkánidé 
Triassic; 2) the amphibolite-facies metamorphosed Sakar Triassic (with 
"Werfen"-type marine Lower Triassic and carbonate platform-type Middle Triassic);
3) the Strandza Triassic, in the uppermost position, with volcano-sedimentary 
Lower Triassic, Anisian-Carnian platform carbonates and the conodont-bearing 
Kondolovo Limestone (whitish-greyish, thick bedded basinal limestone), capped 
by the Norian-Rhaetian carbonatic-siliciclastic flysch-type Lipacka Formation.
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The marine Triassic, according to (Batalov (op. cit.), overlies in all units a continental 
Late Paleozoic.

The pelagic limestone olistoliths occurring in the Early to Middle Jurassic flysch 
of the Kotel Zone (see Budurov 1976) are interpreted as deriving from a higher, 
Strandza-type nappe (Gocev 1982, 1991).

The non-metamorphosed Triassic of the Istanbul Nappe of Western Pontides 
overlies unconformably the Variscan basement with Early Scythian redbeds, 
followed by Late Scythian marine "Werfen beds". The Middle Triassic (+Early 
Carnian) shows a pelagic development (Anisian grey, nodular limestones and 
Ladinian red, Hallstatt-type limestones). The sequence terminates with a Carnian 
regressive cycle, represented by shales-sandstones, locally with reef limestone 
blocks (Özdemir et al. 1973, Gedik 1975).

This Istanbul-Strandza-type Triassic is unknown west of the Strandza Mts.

3. Interactions between the "Tethys western ends"

3.1 Dinaric-Alpine branch versus North Dobrogea and Strandzadides

The idea of a connection between the relict Triassic pelagic-oceanic assemblages 
of the Eastern Alps, Pelso Megaunit and Carpathians to the Paleotethys (in the 
sense of ßengör 1984) appeared several times in the literature, most lately by Kozur 
(1991a, b), who even rejected any connection towards the possible counterparts 
in the Inner Dinarides. While most of the authors agree upon a connection 
between the Euhallstatt-Meliatic domain and the Transylvanides, either in a 
single-ending oceanic model, as suggested by the present author in 1980 and later 
and by Tollmann (1987), or in a bifurcating model as advocated by Sándulescu 
(1984a, b) or Dercourt et al. (1990a, b), the position of the latter is disputed. In 
spite of the fact that in the comprehensive synthesis of Sándulescu on the 
Carpatho- Balkánidé range (1980, 1984 and other works), it is clearly expressed 
that no relationship is possible between the innermost Carpathian Transylvanides 
and the extra-Carpathian North Dobrogea and Strandza orogenies, a few workers 
(e.g. Kozur, 1980, p. 84, footnote and p. 89a, Fig. 1, and especially in 1991) published 
such hypotheses.

The structural position of the Transylvanides (being the highest unit), and the 
proximal type of the Triassic of the deeper units (ending with the Lower 
Infrabucovinian nappes, where the Triassic is missing), however, definitely exclude 
any connection of the "Transylvanide Ocean" with the extra-Carpathian units. The 
Transylvanide units occur either as small, obducted nappe outliers resting on top 
of the Bucovinian Nappe, or as sedimentary klippen (smaller or larger 
olistothrymmata) in the Barremian to Albian wildflysch of the Bucovinian Nappe 
(Sándulescu 1975, 1984b; Sándulescu et al. 1981a, b). From these blocks, several 
Triassic series can be reconstructed (for details see Sándulescu et al. 1981a, b; 
Patrulius et al. 1979), which represent depositional settings ranging from deep 
basin formed on oceanic crust (red Hallstatt limestones overlying Ladinian
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ophiolites and associated red or green radiolarites; part of the Olt Series) to one 
formed on thinned continental crust (Hallstatt-type limestones lying over Scythian 
marine "Werfen beds” and Early to Middle Anisian platform carbonates; Persani 
Series). Other series (Rárau, Botup, Tátarca-Macies) represent transitional types. 
Wetterstein/'Tisovec" and Dachstein-type limestones interfingering with Hallstatt 
Limestones, or lying directly above ophiolites (the other part of the Olt Series), 
may indicate prograding carbonate platforms from the shelf margin or gravi
tational gliding. Similar features are known from the Maliak Nappe (Northern 
Othrys Mts., Ferrière 1982) and Koziakas Unit 0acobshagen 1986; Lekkas 1988) of 
the Hellenides.

The position of the Transylvanide units on top of the Bucovinian Nappe indicate 
that they derived from the west, from the innermost East Carpathian domain (see 
Sándulescu 1976, Fig. 4). The Bucovinian and Subbucovinian Nappes are 
characterized by continental Early Triassic units and by carbonate platform-type 
Middle (and Late?) Triassic ones (Patrulius et al. 1979; Sándulescu et al. 1981a, b). 
The Upper Infrabucovinian Nappes are characterized by a proximal, inner shelf- 
type, bituminous Middle Triassic dolomite-limestone sequence with terrigeneous 
influx (kindly shown by Dr. M. Sándulescu during the excursion of the Xllth 
Carpatho-Balkan Geological Congress), overlain by detrital Early Jurassic of the 
"Gresten facies". On the other hand, in the Lower Infrabucovinian Nappes, the 
Triassic is missing and the Mesozoic cover begins with Early Jurassic "Gresten 
facies" lying immediately upon the pre-Alpine crystalline rocks (Sándulescu et al. 
1981b, p. 17).

Between the North Dobrogean units and the Dacides of the East Carpathians, 
the Vendian "Green Schist Belt" ranges from Central Dobrogea in the direction of 
the Holy Cross Mountains, partly in the basement of the Moldavidian flysch 
nappes and partly in the basement of the foreland (Paraschiv and Paraschiv 1978; 
Sándulescu 1984; Sándulescu et al. 1981a). Its Mesozoic cover begins only with 
Upper Jurassic reef limestones (op. cit.).

These facts prove that the Transylvanide and North Dobrogean units were 
definitely separated by a continental area, and that no paleogeographic 
connections, crossing very different geotectonic zones, can be postulated between 
them. This also implies that the "Polish-East Carpathian Gate" of the Germanic 
Basin (Senkowiczowa and Szyperko-Slywczynska 1975) did exist, not across the 
East Carpathians, but considerably further eastward, along the margin of the 
Scythian Platform, via the Predobrogean zone, as proven by borehole data 
(Bogayetz et al. 1982). Consequently, this gate would better be named "Polish- 
Predobrogean Gate".

In the area of the bend between the East and South Carpathians, the 
Subbucovinian Triassic (of the ßinca Nappe) and the Infrabucovinian Triassic (of 
the Brasov Unit) extend as far as the eastern end of the South Carpathians 
(Sándulescu 1976,1988; Sándulescu et al. 1981b). The crystalline basement nappes 
form unambiguously continuous zones towards the Balkanides, respectively the 
Serbo-Macedonian Unit: Bucovinian + Subbucovinian Nappes-» Suprageticum-»
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Serbo-Macedonian Unit (in the sense of Dimitrijevicf 1967,1983) or Moravicum (in 
the sense of Andjelkovic 1979, 1984); Infrabucovinian Nappes -» Geticum —* 
Sredno Gone Zone; Danubicum -*• Stara Planina Zone (cf. Sàndulescu 1980,1984; 
Kräutner 1991). Between the Serbo-Macedonian/Moravicum Unit and the Sredno 
Gone Zone, the Rhodope Unit is included (interpreted as a large Alpine basement 
nappe system; Karagjuleva et al. 1982), as well as the Strandzadides wedging out 
somewhere NE of the Rhodope. Further northwest, between the Serbo- 
Macedonian/Moravicum Unit -  Suprageticum and the Sredno Gorie Zone -  
Geticum, the narrow Kraistides and related units are wedged in, ending in the 
Sasca-Gornjak Unit in the South Carpathians (Sàndulescu 1980, 1984), with 
epicontinental Triassic and without eupelagic conodonts (Pantic, 1971). Along the 
boundary of the Geticum and Suprageticum, respectively of the Infrabucovinian 
and Subbucovinian units a Late Triassic-Middle Jurassic Cimmerian suture was 
postulated by ßengör (1984) and Çengôr et al. (1984). This idea was taken over by 
Kozur (1991a, b), who suggested in this way a connection between the 
Transylvanides and the Strandzadides, respectively the extension of "Paleotethys" 
(named by him "Cimmerian Ocean") into the Alpine-Carpathian realm. This 
connection would represent the hypothetical "East Balkan Rift" of Kozur and Mock 
(1987, 1988), constructed by breaking into pieces the unambiguously continuous 
basement nappe range of the "Median Dacides" (in the sense of Sàndulescu 1980,
1984) and their continuation into the Balkanides, respectively the Serbo- 
Macedonian Unit. Besides the fact that Middle Triassic ophiolites, red radiolarites 
and red pelagic limestones are not proven in any of the three main units of the 
Strandzadides ((fatalov 1990, see above), this view is contradicted by a number of 
geological facts. The Kraistides have a typical epicontinental Triassic cover, without 
eupelagic conodont assemblages, such as the Sasca-Gornjak Unit (in one typical 
area, in the Golo Bardo Mts., it was described in detail by Budurov in 1980, who 
kindly showed it to the present author). This means that there is no sedimentary 
record of a "Cimmerian Ocean" here.

A Triassic age is assumed by a few authors for certain ophiolites to the southwest 
and north of the Rhodope Unit, such as for the ophiolites of Volvi in the southwest 
(Dimitriadis in ßengör 1984), which are believed to be of Paleozoic age by Kockel 
et al. (1971), Kockel in Jacobshagen (1986) and by Papanikolaou (1984); a Triassic 
age is also assigned to part of the "Diabase-phyllite Group" in the north (Godfriaux 
in Burg et al. 1992, and lecture of that paper), considered to be Hercynian by 
Bulgarian geologists, e.g. Haydutov and Zagorcev (personal communication). 
However, there is no sedimentary record of this age, at least not yet; therefore a 
"Cimmerian Ocean" cannot yet be proven here based upon the present level of 
knowledge. Even if resedimented deep-water Triassic would be found along the 
suture zone suggested by £engör (1984) and $engor et al. (1985), at least two main 
arguments will remain which exclude the possibility that the Transylvanide 
domain was ever connected to the "Cimmerian Ocean”:

-  The structural position of the Transylvanides on top of the Bucovinian Nappe: 
even if a Triassic ocean could be proven along the suture zone proposed by £engör
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(1984) and ßengör et al. (1984), there could be no connection across the sedimentary 
zones of the Bucovinian and Subbucovinian Nappes, with a different type of 
Triassic definitely underlain by continental crust (this fact was overlooked by 
Kozur 1991a, b and Kozur and Mock 1987, 1988). On the other hand, a facies 
transition seems to be highly probable from the Bucovinian Nappe towards the 
Triassic sequences of the deeper units, ending in the continental domain of the 
Lower Infrabucovinian nappes (cf. Sándulescu et al. 1981a, b).

-  The Cimmerides already formed a compressive regime from the Norian on, 
as indicated by the onset of flysch sedimentation both in the Strandzadides 
(Lipacka Formation) and in the North Dobrogea. This flysch sedimentation 
(including also the Circum-Rhodope Zone) lasted until the late Middle Jurassic, 
when the final closure of Paleotethys is suggested ($engör 1984). On the other 
hand, the Transylvanide oceanic basin was a distensional regime at least until the 
Kimmeridgian, with the youngest pillow lavas being overlain by limestone of 
"ammonitico rosso” facies of Kimmeridgian age (Sándulescu et al. 1981a; 
Sándulescu and Russo-Sándulescu 1981 and personal communication). Up to this 
time, there is no sign of a compressive regime and active margin development in 
the Transylvanides; red pelagic limestone (Hallstatt, Adnet) sedimentation 
continued throughout the Late Triassic and Early-Middle Jurassic, without 
siliciclastic input (with the exception of the Uppermost Triassic "Kossen event"). 
This means that when the "Cimmerian Ocean" was already in the stage of closure, 
spreading still continued in the Transylvanide domain. Therefore, to postulate the 
extension of the "Cimmerian Ocean" into the Transylvanides (and further into the 
West Carpathians and Eastern Alps), across quite different geotectonic zones, as 
proposed by Kozur (1991a, b), is an absurdity!

Consequently, no paleogeographic connection could exist between the western 
ends of the extra-Carpathian Paleotethys (in the sense of ßengör 1984) and the 
Neotethyan Dinaric-Alpine branch. Even Gocev (1991, Figs 2,4) seeks a connection 
from the Strandiadides to the Vardar Zone to the south of Rhodope (e.g. a 
continuation into the Circum-Rhodope Zone).

Generally speaking, Alpine-type Triassic occurs throughout the Tethyan system 
as far as China (Kristan-Tollmann and Tollmann 1983). This is true for the Early 
and Middle Triassic of the North Dobrogea and Strandzadides (which, mainly the 
former, are traditionally considered as "Alpine-type Triassic"). However, the Norian 
(-Dogger) flysch sedimentation already totally deviates from the Alpine Triassic 
(and Jurassic).

3.2 Connections between the Euhallstatt-Meliatic-Transylvanide domain and the Neotethys

As we could see in the above discussion, the demonstration of a direct 
paleogeographic connection between the Euhallstatt-Meliatic-Transylvanide 
domain and the extra-Carpathian Paleotethys, as attempted by Kozur and Mock 
(1987, 1988) and Kozur (1991), is definitely impossible. Kozur (1991a, b) even 
rejected the possibility of the connection of these Alpine-Carpathian Triassic 
oceanic domains to the "Vardar Ocean" (=Neotethys in the sense of Çengôr 1984).
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Strangely, when arguing against the connection with the Vardar Ocean or with 
the Inner Dinarides, he made reference to о ily two of the numerous papers on 
the structure and stratigraphy of the Inner Dinarides -  a very "well" established 
argumentation... The roots of his opposition are to be found in his fixistic approach 
to plate movements -  in 1976 he rejected the whole plate tectonic concept, and in 
1979 also the first mobilistic interpretations in the Carpatho-Pannonian domain. 
The crucial point of this opposition was the original position of the South 
Pannonian Tisza Megaunit (or "Tisia terrane"): unlike the numerous authors who 
had recognized its European origin and explained its inverse position by 
microplate movements (beginning with Patrulius et al. 1971 and Géczy 1973), he 
rejected its European origin (along with the possibility of microplate movements), 
using mostly Triassic and pre-Triassic arguments.

In 1984, supposedly because of overwhelming new Jurassic paleobiogeographic 
information, he changed his fixistic approach and accepted the paleogeographic 
position of the Tisza Megaunit at the margin of the European plate, but only from 
the Early Jurassic on. To overcome this contradiction he proposed that, in the Late 
Triassic, the Tisia terrane was separated from the South Tethyan margin (the 
arguments against such a paleogeographic affiliation are collected in the paper by 
Kovács et al. 1989), and joined the northern margin by the closure of a hypothetical 
"East Balkan Rift" (shown in the reconstructions of Kozur and Mock 1987, 1988), 
which he later referred to as the "Cimmerian Ocean" (Kozur 1991a, b). The 
impossibility of such a Late Triassic/Early Jurassic closure in the Transylvanides 
(continuous red pelagic limestone deposition!) was discussed above. Also, we were 
able to see in the previous chapter (3.1) that the connection between the 
Transylvanides and the Tethyan ophiolite zones was only possible via the Inner 
Dinarides, as demonstrated by Sändulescu (1980, Plate 1 and 1984, suppl. maps 
1- 2).

The contradiction that no Triassic is known in the Mures Zone2 is explained by 
the fact that it represents the continuation of the Sumadija (Sub)zone of the Vardar 
Zone (Andjelkovic and Lupu 1967), which is the youngest element of the Vardar 
oceanic system (largely corresponding to the Inner Vardar Subzone of Dimitrijevic
1983). Transtensional movements could have played an important role in its 
opening (cf. Kázmér and Kovács 1989).

Triassic red radiolarites overlying pillow lavas are also known in the Vardar 
Zone in its Dinaric sector: in the Zvornik Zone (= Outer Vardar, Subzone in the 
sense of Dimitrijevic 1983) near Cacak (Obradovic and Gorican 1988) and in 
Macedonia, near VeleS, where the Ladinian red radiolarites contain Daonella 
imprints (kind personal communication of Prof. Karamata and shown by him 
during an excursion of IGCP Project 5 in 1983).

2 It should be noted, however, that pelagic Late Triassic is present at least in one olistolith; see 
Lupu, M and Lupu, D. 1985.
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These facts contradict Kozur's (1991b, pp. 128-130) argumentation: according to 
him only shallow water Triassic with some Upper Triassic cherty limestones would 
occur in the Vardar Zone and oceanization would have begun only in the Jurassic. 
Based on these, he excluded any connection between the Euhallstatt-Meliatic- 
Transylvanide domain and the Vardar Zone.

It should be noted that even Kozur, in his earlier papers (e.g. in Kozur and Mock 
1977, p. 119), wrote about the "strong similarity" between the "Meliata-Bükk 
development" and the Vardar Zone -  but no explanation is given in his later papers, 
in which he argued against this connection (especially in 1991a, b), why he 
changed his opinion.

The connection of the Euhallstatt-Meliatic-Transylvanide domain through the 
Inner Dinaric-Inner Hellenic system to the Neotethys (in the sense of $engör 1984) 
persisted, regardless whether the single-oceanic model (e.g. Papanikolaou 1984, 
1986; Jacobshagen 1979,1986; Andjelkovid 1976,1979) or the double-oceanic model 
(Dimitrijevid 1982; Robertson and Dixon 1984; Robertson et al. 1991) for the origin 
of the two ophiolite belts will be proven in the future. For a sedimentary record 
of Triassic ocean(s) in this area, the original setting of the pelagic sequence of the 
Maliak Nappe plays a critical role. From here (namely from the Othrys Mts.), pillow 
lavas, overlain by Hallstatt limestones already of Upper Scythian age, are reported 
by Kaufmann (1976); and other, more widespread ones, overlain by Ladinian- 
Carnian red radiolarites and then by Norian Hallstatt limestones, by Ferrière 
(1982). In the sequences described by Ferrière (1982), all equivalents of the 
Tornakápolna, Drzkovce and Bódva facies units of the Gemer-Bükk units can be 
recognized. Their correlation according to the proposed original setting of the 
Maliak zone to the west or to the east of the Subpelagonian platform (in the sense 
of Papanikolaou 1984), is shown in Figs 6a, b. The same is true for the 
Transylvanides (see above). The Maliak sequences (with their classical occurrence 
in Argolis; see Krystyn and Mariolakos 1975, Baumgartner 1985 and possibly in 
the North Pindos Mts.: Migiros and Tselepidis 1991) have their counterparts in 
the classical Hallstatt areas east of Sarajevo (for latest stratigraphic review see 
Sudár 1986), containing equivalents of most of the North Alpine Hallstatt Triassic 
formations (see also Sudár 1981; Krystyn and Schöllnberger 1972).

If the two-oceanic model proves to be correct, then the Euhallstatt-Meliatic- 
Transylvanide domain would represent the continuation of the western oceanic 
zone, disrupted by terrane movements. Kozur (1991a, b) used the absence of 
Ladinian porphyrites in the former units as the main argument against this 
connection. However, they are also missing in the Maliak units of the Hellenides, 
the continuation of which is unambiguously represented by the Lim Zone (in the 
sense of Andjelkovid 1976,1979) of the Inner Dinarides. Furthermore, also within 
the Dinarides, the Ladinian volcanics are of unequal distribution and in some 
regions they are missing (Pamic 1982).

Another argument raised up in several publications by Kozur against the 
connection of the Transylvanides with the "Vardar Ocean" was the presence of 
Early Anisian conodont-bearing pelagic limestones (with Gondolella timorensis ; see
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Mirauta and Gheorghian 1978, Plate 2, Fig. 2) in the former area. However, recently 
Late Scythian-Early Anisian conodonts (Neospathodus homeri, Gondolella timorensis) 
have been reported from the surrounding of Sarajevo (Mudrenovic et al. 1990; 
Kolar-Jurkovsek personal communication), therefore this argument has lost its 
importance.

Also, a major argument for the Triassic southern position of Tisza Megaunit 
(="Tisia terrane") and its separation by a hypothetical "Cimmerian Ocean" from 
the European margin (see the discussion above) was the reported finding of the 
conodont Pseudofurnishius murcianus in the Apuseni Mts. of the Tisza Megaunit 
(see Kozur from 1979). However, Kozur and Mock (1987, p. 138) themselves 
acknowledged that this form, and some ostracods and holothurian sclerites 
characteristic for the South Tethyan margin, could cross the "western rift zone" of 
the Dinarides, with which the Transylvanide-Meliatic-Euhallstatt domain could 
be connected in the case of the double-oceanic model. Concerning the debate 
between H. Kozur and the present author about the paleogeographical significance 
of this conodont species (plus the ostracods and holothurian sclerites) for the 
Triassic position of the Tisia terrane, two facts should be emphasized:

-  The reported finding of these fossils in the Apuseni Mts has not yet been 
reproduced by independent specialists (that is, the investigations have not been 
repeated by someone else, to exclude, for example mixing of samples). This 
occurrence was mentioned as an important paleobiogeographical argument in 
several papers by Kozur, but no detailed description of the fauna and the section 
has been given as yet.

-  In the typical Mediterranean Jurassic of the Bakony Mts (Transdanubicum), 
European ammonoids also occur (Géczy 1984 and Vörös personal communication); 
however, nobody has ever stated that the Transdanubicum must therefore be of 
European origin. The same is true for the Tisia terrane: occurrence of some South 
Tethyan faunal elements cannot be regarded as unambiguous evidence for its 
original setting on the South Tethyan margin, if it is in direct contradiction with 
most of the geological facts (see Kovács et al. 1989).

3.3 Interactions between the Aegean-Sicilian and the Dinaric-Alpine branches

The Late Paleozoic-Early Mesozoic (pre-Norian) geodynamic evolution of the 
Aegean-Sicilian branch was entirely different from that of the Dinaric-Alpine 
branch; this mostly concerns the sedimentary and also the magmatic evolution, 
(though these allow at the same time to recognize the interactions). The pre-Norian 
olistostromal-flysch formations (the recognition of which resulted in a revolution 
of our knowledge concerning the Late Paleozoic-Triassic development of the 
Hellenides; see Sideris 1989 and the papers cited therein) and Early to Middle 
Triassic subductionr-elated magmatism known from Sicily to the Pontides 
undoubtedly represent a Paleotethyan accretionary complex formed, on a large 
scale, at the colliding northerly European active margin and the southerly 
Gondwanian passive margin (cf. Sideris 1989; Papanikolaou 1989; Baud et al. 1991; 
Stampfli et al. 1991). The subduction of a Paleotethyan pelagic-oceanic domain
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(the existence of which is proven as far as Sicily; see Catalano et al. 1988, 1991) 
between them provides an obvious explanation for the Triassic volcanic arc (see 
the authors cited above) and a back-arc-type opening of a Neotethyan ocean 
behind it (from the Late Scythian), which continued in the Dinaric-Alpine branch 
(see also Stampfli et al. 1991, p. 395). This idea was clearly demonstrated by Pe-Piper 
(1982, Figs 14-15), though at that time the existence of a Paleotethyan oceanic 
domain lying even beyond the known most external unit of the Hellenides was 
not yet proven.

The subduction of a Paleotethyan oceanic domain in the Aegean-Sicilian branch 
generated the Triassic magmatic arc discussed above and the opening of a 
Neotethyan back-arc basin behind that. However, it cannot be considered as a 
proper orogeny in the classical sense, because (with the exception of the Karakaya 
Complex) large-scale metamorphism and folding, nappe structures, and ophiolite 
obduction related to it are not known; likewise, the continental molasse stage is 
missing. With the exception of the easternmost part (Karakaya Complex, Chios 
allochthon, as well as the Mani Unit of Crete and perhaps the Phyllite-Quarztite 
Nappe of Eastern Crete) even a pre-Norian uplift with significant hiatus cannot 
be recognized and the platform, respectively basinal carbonates of the Neotethyan 
cycle continuously overlie the olistostrom-flysch ( ± volcanic arc) complex. (One 
could call it, on the example of the "aborted rifting" of Bechstädt et al. 1978, an 
"aborted orogeny".) This fact is explained by Baud et al. (1991, p. 200) and Stampfli 
et al. (1991, pp. 393-394) by "gentle docking", probably in a transform regime, 
between a large accretionary prism and a passive Gondwanian margin (or small 
terranes derived from that), without full collision of the two continents.

A subduction from the South generating the island-arc-type Middle Triassic 
magmatism of the Southern Alps was suggested already a decade ago by a group 
of Italian geologists (Castellarin et al. 1980; Castellarin and Rossi 1981a,b; Marinelli 
et al. 1981; Brusca et al. 1981), though at that time evidence of a South Tethyan 
pelagic (oceanic?) domain was still poorly known. Existence of such a 
Permo-Triassic pelagic domain has recently been proven, especially by the 
investigations of Catalano et al. (1988, 1991).

The Triassic volcanism of the Dinarides (characteristic mostly for the Outer 
Dinaric shelf) was similarly attributed to subduction by Bébién et al. (1978). On 
the other hand, Pamic (1982, 1983) emphasized the importance of Permo-Triassic 
rift-faulting. As a reaction to subduction, a Neotethyan oceanic basin opened 
behind this magmatic arc during the Middle Triassic as a back-arc-basin. In the 
single-oceanic model (advocated by Andelkovic op. cit.) it was the Vardar Ocean 
s.l. ("Ibar root zone" in his terminology), while in the double-oceanic one it was 
the Ophiolite Belt in the sense of Dimitrijevié (1982). The intense volcanism and 
synsedimentary tectonic activity (the latter resulting in local emersions witnessed 
by the horizons of "Richthofen Conglomerate" and "Uggowitz Breccia") were the 
main characteristics of this "South Alpine-Outer Dinaric" shelf (a typical "labile 
shelf") of the newly opened Neotethyan ocean, as opposed to its northern-
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northeastern "East Alpine-Carpathian" shelf, where these phenomena are 
practically missing (Kovács 1982).

The application of the subduction -*• volcanic arc —► back-arc basin model for 
the Hellenides, however, raises up many more controversies than in the Dinarides. 
It is not only due to the problem of rooting the ophiolitic nappes (one, two or 
even three Mesozoic oceanic zones?), but also because of the diverse views on the 
correlation of Hellenic isopic zones with those of the Pontides-Anatolides- 
Taurides.

Although most of the authors cited herein relate the Early-Middle Triassic 
andesite-keratophyr volcanism to subduction, their interpretation is still contra
dictory, this volcanism being related by other workers to rifting (e.g. Pamic 1982, 
1984; Robertson et al. 1991). Nevertheless, the basic volcanics (mostly pillow lavas) 
overlain by Late Scythian to Norian radiolarites and red, Hallstatt-type limestones 
(Maliak Unit in the sense of Papanikolaou 1984, and Jacobshagen 1986: NE-Othrys 
Mts., Ferrière 1982; Northern Pindos Mts., Migiros and Tselepidis 1990; 
furthermore Vardoussia Unit on the western side of the Parnassos carbonate 
platform and the Megdhovas Unit on the front of the Pindos Nappe: Jacobshagen 
1986 and Robertson et al. 1991) are certainly of rift origin (though whether 
back-arc-type or Red Sea-type rift, that is not always unambiguous; see Robertson 
et al. op. cit.).

In the basement of the future External Hellenic Carbonate Platform build up 
of the Paleotethyan accretionary complex, both with olistostromal-flysch 
sedimentation and subduction-type volcanism, continued at the latest until the 
Carnian and the proper Alpine sedimentary cycle (e.g. establishment of the 
Neotethyan regime) started only rrom the Norian onward (see Papanikolaou 1989). 
The oldest known formation of the Pindos Zone s.s. in continental Greece, the 
(? Ladinian) Carnian "detritic series" (Jacobshagen 1986; Zagorchev et al. 1989) 
probably represents the youngest part of this accretionary complex. Local 
differences are known, as for example in Eastern Crete, where the youngest part 
of the accretionary complex in the Phyllite-Quartzite Nappe yielded Lower 
Anisian microfossils (Krahl et al. 1986).

In the basement of the Internal Hellenic Carbonate Platform, however, the age 
of the olistostromal-flysch complex is mostly Late Permian to Early Triassic, 
followed in many places by Early to Middle Triassic volcanic arc complexes 
(Papanikolaou et al. 1984; Papanikolaou 1989; Sideris 1989; Baud et al. 1991). The 
same holds true for the Karakaya Complex of the Pontides (Okay 1985, 1989), 
which is correlated by Papanikolaou and Demirta^li (1987) with the base of the 
Hellenic Subpelagonian Platform. In some uplifted areas carbonate platforms were 
built during the Permian, ending the flysch-type sedimentation already in the 
earlier Permian (like in the Chios allochthon; Sideris 1989; Baud et al. 1991) or the 
Permian platform collapsed and was covered by Latest Permian-Early Triassic 
olistostrome-flysch type sediments (like in Hydra; Baud et al. 1991). Also, in a few 
areas shallow water carbonate sedimentation following the flysch stage began 
already in the Scythian (like in the Chios autochton; Besenecker et al. 1968; Gaetani
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et al. in press) or in the Anisian (like in Hydra; Römermann 1968). In some cases 
these initial carbonate platforms were disrupted and basins were formed (as in 
the Chios autochthon; op. cit.) with pelagic sedimentation. The origin of such 
(local?) rift basins are explained by Baud et al. (1991, p. 200) and Stampfli et al. 
(1991, p. 396) by a probable "syn-collisional rifting mechanism cutting the suture 
at an angle”.

Although the origin of the rift basin of the Chios autochthon can be explained 
in this way, that of the Maliak Zone (corresponding partly to the Ophiolite Belt 
of the Dinarides in the sense of Dimitrijeviè 1982) is much more problematic. Here 
in the Othrys Mts. Hallstatt-type limestones overlying pillow lavas are reported 
already from the Late Scythian (Kaufmann 1976) and in the Loggitsion Unit 
Ladinian-Carnian radiolarites lying over pillow basalts are quite characteristic 
(Ferrière 1982). The original setting of this Neotethyan oceanic zone, along with 
the Eohellenic ophiolites (on the internal side of the Internal Hellenic Carbonate 
Platform, as suggested by Jacobshagen 1979, 1986; Papanikolaou 1984; Baum
gartner 1985 and others, or on the external side of it, as proposed by Robertson 
and Dixon 1984; Robertson et al. 1991 and others) is of crucial importance in the 
paleogeographic interpretation of the Paleotethyan domain ranging from NW 
Turkey to Sicily. Namely, was the Paleotethyan domain of the Aegean-Sicilian 
branch a uniform collisional zone (probably related to transform movements) 
between a European active margin and a Gondwanian passive margin during the 
Triassic in pre-Norian times, or was it divided in two sectors of partly different 
evolution by an opening Neotethyan ocean (e.g. by the Maliak Zone-Ophiolite 
Belt)? The solution of this dilemma depends not only upon the derivation of 
ophiolite nappes (one, two or even three Mesozoic oceanic zones?), but also upon 
the problem of correlation of the ophiolitic zones of the Dinarides-Hellenides 
with those of the Pontides/Anatolides/Taurides (see above). Here we give a short 
review of the diverse opinions about the correlations of the ophiolitic zones of 
Greece and Turkey; for more details the reader is referred to the papers cited.

1. The Vardar/Axios Zone s.s. according to Sengör (1985) and ßengör and Yilmaz 
(1981), seems to continue in the Intra-Pontide Suture through the Armutlu 
Peninsula. Essentially a similar view was expressed by Papanikolaou and 
Demirtasli (1987), though they emphasized, that none of the Inner Hellenic units 
can be directly referred to the Armutlu Unit.

2. The Izmir-Ankara Suture, considered by many authors (e.g. Ricou et al. 1986 
and former works; Okay 1985) as the main Tethyan Suture in Turkey, would 
represent the continuation of the Pindos Zone and of the Maliak3 Zone according 
to Papanikolaou and Demirtajli (1987).

3. The Lycian ophiolites on the South, considered by the French school of 
geologists (e.g. Ricou et al. 1986 and earlier works) as far-transported nappes

3 In Papanikolaou, (1984, Fig. 9) the Maliak Zone was reconstructed on the internal side of the Internal 
Hellenic Carbonate Platform (similarly to Jacobshagen 1986), while in Papanikolaou (1989) it was 
placed on the external side of that, as the most internal part of a large Pindos Ocean.
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deriving from the Izmir-Ankara Suture, are interpreted by Robertson et al. 1991 
(and in earlier works) as originally of southern origin and as the continuation of 
the Pindos Ocean s.l. ("Pindos-Antalya-Ciprus Ocean").

It should be noted, however, that "Pindos Ocean" s.l. in the usage of Robertson et al. (1991) (and 
form er works) is different from the "Pindos Zone" s.s. as used by other workers (see Jacobshagen 1986 
and Papanikolaou 1984 and earlier authors). In the latter, narrow (and traditional) sense it means the 
pelagic seaway of the Budva-Cukali-Pindos Zone on the external side of the "High Karst" and Parnassos 
carbonate platforms, with Late Triassic-Late Cretaceous cherty limestone- radiolarite sequences generally 
w ithou t ophiolites, capped by Paleocene—Eocene flysch and not affected by folding prior to the Late 
Eocene tectogenesis. That is, in the narrow  sense it cannot really be called as an "ocean".

In th e  broader sense of Robertson et al. (op. cit.), however, the "Pindos Ocean" included also the 
M aliak U nit and the Eohellenic ophiolite nappes (in the sense of Papanikolaou 1984 and Jacobshagen 
1986), the Mirdita Zone in Albania and the Ophiolite Belt of the Dinarides (in the sense of Dimitrijevic 
1982), w hich have been emplaced near the Jurassic/Cretaceous boundary and are bordered by the 
Latest Jurassic-Cretaceous Beotian, respectively Bosnian Flysch Zone on the internal side of the 
Parnassos and "High Karst" carbonate platforms. However, in the territory of Northern Greece and 
Albania the separating carbonate platform and flysch zone become mainly indistinct. Structural and 
facial reasons that are in favour of unifying the two pelagic/oceanic seaways into a single "Pindos 
Ocean" s.l. are reviewed by Robertson et al. (1991; for details the reader is referred to this paper).

A paleogeographical reconstruction is further complicated by two smaller units occurring within 
the P indos Zone s.s., but having a deviating Triassic sequence: the Vardoussia Unit on the western 
side of the Parnassos carbonate platform (interpreted by most authors as forming originally the w estern 
slope of that) and the narrow M eghovas Unit ranging on the west at the front of the Pindos Nappe. 
W hile the known sequence of the Pindos Zone s.s. begins on the continental Greece w ith the 
Ladinian(?)-Carnian "detrital Triassic" (in which the amount of siliciclastic material decreases to the 
East; Jacobshagen 1986), in the two o ther units this formation is not present (or present in the Vardoussia 
Unit? -  its sequence is differently given by Jacobshagen 1986, p. 84 and by Robertson et al. 1991, 
pp. 295-296). In the Megdhovas Unit, according to both authors, Late Anisian-Norian Hallstatt-type 
lim estones lye over basic volcanics (including pillow lavas) while the sequence of the Vardoussia Unit 
is closer to the normal sequence of the Pindos Zone s.s. (Jacobshagen) or to the Megdhovas Unit 
(Robertson).

Depending on these different views on correlations of ophiolitic zones between 
Greece and Turkey, the following variants of relationship between the closing 
Paleotethyan and opening Neotethyan domains may be possible:

Variant 1: If the uniform origin of the Ophiolite Belt-Maliak Zone and
Eohellenic ophiolite nappes from the Vardar/Axios Zone (as suggested by a number 
of authors; see above) is accepted, then both the Paleotethyan accretionary 
complexes building up the base of the External Hellenic, respectively. Internal 
Hellenic Carbonate Platforms would lie externally (to the West, resp. to the South) 
of the back-arc rift zone of the opening Vardar Ocean during the pre-Norian 
Triassic times. In this case the opening Neotethyan oceanic zone (the rifting of 
which most probably started here in the Late Scythian) would not cut through 
the Late Paleozoic-Triassic (pre-Norian) Paleotethyan accretionary complex and 
the model of subduction from SW, respectively S -* magmatic arc (of rather large 
width) —» opening back-arc basin could be easily applied. This variant offers the 
simplest picture for the Dinarides and Hellenides. However, in the Turkish sector
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it faces already major problems; the main Tethyan suture is sought not in the 
Intra-Pontide Suture (that would represent the continuation of the Vardar Zone 
according to this variant), but by many authors in the Izmir-Ankara Suture lying 
to the south.

As the Neotethyan oceanic rifting probably only began in the Late Scythian (cf. 
Kaufmann 1976), the picture of a single subducting Paleotethyan domain was not 
yet complicated for the Permian-earliest Triassic times (cf. Sideris 1989; Baud et al. 
1991; Stampfli et al. 1991). However, for the Late Scythian to Carnian times (until 
the end of the Paleotethyan evolution), the opening of a Neotethyan ocean (the 
Maliak basin) should also be considered along with the closing Paleotethyan 
domain and has to be accommodated into this picture. And if it was not to the 
extreme N or NE (as this variant would imply), then it would have cut the area 
of volcanosedimentary complexes building up the pre-Norian basement of the 
Internal and External Hellenic Carbonate Platforms. A possible explanation for 
this contrasting situation was proposed by Baud et al. (1991 p. 200) and Stampfli 
et al.( 1991 p. 396): "one is most probably dealing here with a syn-collisional rifting 
mechanism possibly cutting the suture area at an angle". A strongly simplified 
model of the "Neotethyan rifting cutting through the Paleotethyan subduction

Fig. 7
A strongly simplified model of the Triassic Neotethyan rifting cutting the Paleotethyan 
subduction in a transform regime (a Bay of California type opening, partly after the model 
proposed by Baud et al. 1991; Stampfli et al. 1991, see  in the text). 1. cotinental domains; 
2 oceanic domains; 3. subduction (along a transform margin); 4. rift axis. E-M -  Euhallstatt 
Meliatic basin in the northwestern end of the Neotethys
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zone" (a situation resembling the opening of Bay of California, where the rift zone 
also cuts the East Pacific subduction zone at an angle) is shown in Fig. 7. Other 
possible alternatives, in context of the different views on correlating the Alpine 
suture zones in Greece and Turkey, are discussed below in Variants 2 and 3.

Variant 2: While the Maliak Nappe was considered by Papanikolaou (1984) (in 
agreement with several other authors; see above) to have originated from the 
internal side of the Internal Hellenic Carbonate Platform, from the Vardar/Axios 
Zone, it has been subsequently supposed to have originated from the external 
side of it, as the innermost part of the Pindos-Cycladic Ocean (Papanikolaou 1989; 
similarly to Robertson and Dixon 1984 and Robertson et al. 1991). According 
already to this second concept, Papanikolaou and Demirtaçli (1987) correlated the 
Pindos Zone and in part also the Maliak Zone with the Ovacik Unit of Okay (1985, 
1989), occurring in the southern neighbourhood of the Izmir-Ankara Suture, 
which is considered as the main Tethyan suture in Turkey (see above). An 
important argument for such a correlation is the extensive HP/LT metamorphism 
(though Late Cretaceous in the Anatolides; Okay, op. cit. and Late Eocene in the 
Hellenides; Papanikolaou, op. cit.) of several Anatolide-Cycladic units considered

Manl

G ondw ana

Fig. 8a 4 ■*—1—*
A model for the opening of the Neotethyan oceanic basin between two opposing Paleotethyan 
subductions according to Variant 2: the Neotethyan rifting took place to the north of the South 
Cycladic-Menderes continental block. "Ophiolite Belt" in the sense of Dimitrijevid 1982. 
1. opening Neotethyan ocean; 2. continental blocks; 3. subduction; 4. rift axis
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as the underthrust continental margin from the Southwest, respectively South; in 
case of the Hellenides they are considered as representing the Apulian margin 
during the Alpine sedimentary cycle (Papanikolaou, op. cit.).

According to this variant of correlation of geotectonic zones between Greece 
and Turkey, the Neotethyan Maliak Ocean cut the Paleotethyan suture in 
pre-Norian times (at least from the Late Scythian). In this case, unless the model 
"syn-collisional oblique rift cutting the suture zone at an angle” proposed by Baud 
et al. (1991) and Stampfli et al. (1991) (see above) offers a satisfactory explanation, 
the simple Paleotethyan subduction below the European active margin is to be 
doubted. On the example of the two-side subduction model proposed in Hungary 
by Szádeczky-Kardoss (1974) for the Neogene extension of the Pannonian Basin, 
the hypothesis of two opposing subduction zones and a back-arc rift between 
them could be an alternative model (see Figs 8a, b). The Late Paleozoic-Triassic 
volcano-sedimentary complexes of the Internal Hellenic Carbonate Platform and 
the Karakaya Complex would represent the northern trench-magmatic arc system 
(a southward subduction was already proposed here by Sengör and Yilmaz (1981) 
and by £engör (1984); although also for the opening of the Budva-Pindos Zone, 
which we interpret alternatively; see elsewhere), while those of the External 
Hellenic Carbonate Platform the southern one (with northward subduction). In

Manl

+• Gondwana + + .+  +Fig. 8b
A model for the opening of the Neotethyan oceanic basin between two opposing Paleotethyan 
subductions according to Variant 3: the Neotethyan rifting took place to the south of the South 
Cycladic-Menderes continental block. For legend see Fig. 8a.
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this variant the Neotethyan rifting took place to the N of the intervening 
pre-Alpine South Cycladic-Menderes continental block (in the sense of 
Papanikolaou and Demirta^li 1987).

This model of two volcanic arc-trench complexes has some stratigraphic support 
as well (see Papanikolaou 1989 and Sideris 1989): the olistostrom-flysch sequences 
at the base of the Internal Hellenic Carbonate Platform are usually older, mostly 
of Latest Permian-Early Triassic age, while those at the base of the External 
Hellenic Carbonate Platform (and especially westward, in Lagonegro-Sicily) range 
up as high as the Carnian.

Variant 3: Unlike the French school of geologists (cf. Ricou et al. 1986), who 
suppose the origin of the Lycian ophiolites from the Izmir-Ankara Suture, an 
original southern position of these ophiolites and related Mesozoic pelagic 
sequences is proposed by Robertson and Dixon (1984) and by Robertson et al. 
(1991). In this sense the eastward continuation of the Maliak-Pindos ocean 
("Pindos Ocean" s.l. according to Robertson et al. 1991) was represented by the 
Antalya and Ciprus Oceans (op. cit.).

This variant differs from Variant 2 only in that the Maliak Ocean and its 
eastward continuation opened on the southern side of the South 
Cycladic-Menderes pre-Alpine continental block (see Fig. 6b). The abundance of 
Triassic Hallstatt Limestone facies in the Antalya nappes (Marcoux 1974; Gutnic 
et al. 1979) could be used in favour of this interpretation and for the continuation 
of this oceanic seaway northwestward (according to present coordinates) up the 
Euhallstatt basin of the Austroalpine domain.

Especially in Variants 2 and 3 it could probably be more easily understood why 
clearly recognizable Paleotethyan events with long hiatus occur in zones as distant 
as the Chios allochthon related to the Subpelagonian units (Middle or Upper 
Permian shallow water limestone overlain by Liassic carbonate platform with red 
elastics at its base; Baud et al. 1991; Papanikolaou and Sideris 1992) and the 
externalmost Hellenic unit in Crete, the Mani Unit (shallow water Permian and 
Scythian overlain by Late Triassic carbonate platform, with bauxites at its base; 
Papanikolaou 1988).

According to the two- (or even three- in Turkey) oceanic model, the Sakarya (in 
the sense of £engör 1984 and Okay 1985, 1989) -  Subpelagonian + Almopia (in 
the sense of Papanikolaou 1984 and later; the "Internal Hellenic Carbonate 
Platform") -  Drina-Ivanjica (in the sense of Dimitrijevic 1982) units formed a large 
intra-oceanic carbonate platform. It was built on a Paleotethyan accretionary 
complex in the Pontides-Inner Hellenides, with an orogenic event and long hiatus 
in the Sakarya Unit above the Karakaya Complex and in the Chios allochthon 
(Okay 1984, 1985; Baud et al. 1991); the latter is not recognizable further to the 
West, respectively Northwest. In the Drina-Ivanjica element of the Dinarides even 
the Paleotethyan accretionary complex was not formed.

Late Carboniferous-Permian rifting was proposed in the Paleotethyan domain 
of the Aegean-Sicilian branch followed by subduction starting in the Late Permian

Acta Geologica Hungarica



Tethys "western ends" 3 5 7

or Scythian by Stampfli et al. (1991) and Catalano et al. (1991). The present author, 
however, advocates the hypothesis of a collisional regime here with subduction 
during most of the Late Paleozoic and Triassic (pre-Norian); olistostromes and 
flysch deposits are reported from Sicily by Catalano et al. (1991) already from the 
late Lower and Middle Permian. During the time of subduction there were still 
extensive areas on the distal part of the subsided Gondwanian passive margin 
with pelagic sedimentation, from where (as also proposed by the authors cited) 
the pelagic olistoliths could derive (see Figs 8a, b). Reef limestone olistoliths could 
be derived from the proximal parts of this passive margin, nearer to the 
Gondwanian mainland. Also, the Mani Unit of the external Hellenides with its 
Permo-Scythian shallow water sedimentation (Foedele and Sisses Formations; see 
Papanikolaou 1988) was situated on the proximal part of the Gondwanian shelf, 
relatively far to the south of the zone of subduction (Figs 8a, b). The different 
types of the known successions and of the olistoliths bear witness of different 
depositional environments which existed during the Late Paleozoic-early Late 
Triassic in this closing Paleotethyan domain (supposed to have opened already in 
the Ordovician by Stampfli et al. 1991): from flysch basins to pelagic basinal areas 
with normal sedimentation and to shallow water carbonate platforms (Sideris 1989, 
p. 194). Distal continental margin (and oceanic?) sequences, with red pelagic 
Permian sediments not (yet?) known between Sicily and Oman (cf. Catalano et al. 
1991) may have been completely subducted.

Detailed biostratigraphic studies of the Late Paleozoic-Triassic (pre-Norian) 
olistostromal-flyschoid trench complexes (as carried out by Catalano et al. 1988, 
1991 and 1992 in Sicily; though from the reconstructed stratigraphic column, 
presented also by Kozur 1992, it remains unclear whether all the pelagic olistoliths 
occurring in an intensively tectonized region are of the same provenance or derive 
from different sequences) will surely result in a much better understanding of 
events taking place during the Paleotethyan evolution of the Aegean-Sicilian 
branch. Certainly, however, greater or lesser differences can be expected in the 
known occurrences (from Sicily to Turkey) of these trench complexes, as is the 
case already between the Sicani and Lagonegro Units (cf. Catalano et al. op. cit. 
and Montanari and Panzanelli Fratoni 1990). Also, the better understanding of 
these events will allow a more precise tracing of interacting ones between this 
subducting Paleotethyan oceanic arm and the synchronously opening Neotethyan 
ocean in the Dinaric-Alpine branch. Some interesting attempts were made in this 
direction by Catalano et al. (1991, pp. 105-106); however, the non-continuous 
dating possibility of olistostromal sequences (combined with the problem of the 
provenance of olistoliths -  from the same or different sequences?) and the relative 
poorness of stratigraphic data from other regions make these correlations still 
difficult and uncertain.
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4. Conclusions

1. There were no paleogeographic connections between the South Crimean- 
North Dobrogean and Strand2adide Paleotethys western ends and the Dinaric- 
Alpine Neotethys northwestern branch. Hypotheses about connections between 
these Paleotethyan western ends and the Transylvanides across the East-South 
Carpathian-Balkanide respectively Serbo-Macedonian ("Moravide") pre-Alpine 
metamorphic basement zones and their proximal-type Triassic facies zones (e.g. 
Kozur 1991a, b) are contradicted by the geological buildup of the whole Balkan 
Peninsula East of the Vardar Zone (for the summary of which see Sándulescu 1980,
1984).

(Manifestation of Old Cimmerian tectonic movements in certain external Inner 
Carpathian units, near the strike of the extra-Carpathian North Dobrogean suture, 
does not imply that there was also a "Cimmerian Ocean"; these movements already 
took place on the continental mainland in the Keuper stage.)

2. The southeastward connection of the Germanic Basin to the Tethys was not 
through a "Polish-East Carpathian Gate" during the Middle Triassic, but outside 
of the Carpathian domain, through the Polish-Predobrogean Gate along the 
margin of the Scythian Platform.

3. The undoubtedly continuous range of the East Carpathian-South 
Carpathian-Serbo-Macedonian (or Moravide) pre-Alpine crystalline basement 
complexes formed the European continental margin of the Dinaric-Alpine 
Neotethys branch (=''Vardar Ocean" s.l.) prior to the Jurassic opening of the 
Penninic Oceanic system (see Sándulescu op. cit.). (This fact, not to speak of the 
position of the Tisia terrane, is often neglected in different plate tectonic 
reconstructions.)

4. The Euhallstatt-Meliatic-Transylvanide eupelagic-oceanic domains formed 
the northwestern end of the Neotethyan ocean in the Dinaric-Alpine branch.

This Red Sea-type ending was either single-branched (as favoured by the 
present author; see the list of references, and by Tollmann 1987) or bifurcating (as 
favoured by Sándulescu 1983, 1984a, b and Dercourt et al. 1990a). In the case of 
the two-oceanic model of the Dinarides, the Transylvanides would be related to 
the Ophiolite Belt (in sense of Dimitrijevic 1982) and to the pelagic Lim Zone (in 
the sense of Andelkovid, 1976, 1979), considerably displaced during later terrane 
movements. (According to Sandulescu's bifurcating model, the bifurcation of the 
Euhallstatt-Meliatic, respectively Transylvanide branches should have been 
located to the north of the northern tip of the Drina-Ivanjica Element.)

Triassic oceanic-eupelagic formations (MORB-type basalts, often of pillow-type, 
overlain by radiolarites and red, Hallstatt-type limestones), comparable with the 
Meliaticum and the Olt Series of the Transylvanides, are known from the Maliak 
Zone of the Hellenides (e.g. from the Othrys Mts; Ferrière 1982). Such Triassic 
rocks (pillow lavas overlain bed red radiolarites) have been reported also from the 
Zvornik Zone (=Outer Vardar Subzone in the sense of Dimitrijevic 1983) of the 
Dinarides (Obradovic and Goriian 1988).
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5. The plate tectonic organization around the Dinaric-Alpine branch was 
determined by the Middle Carboniferous Variscan closure and the Middle Triassic 
Neotethyan oceanic rifting. Between these two major events no important terrane 
movements took place here; with the exception of repeated transgressions/ 
regressions alternating. Following the Middle Permian main regression, the Alpine 
sedimentary cycle began with the Late Permian transgression ("Bellerophonkalk" 
event), most probably as a consequence of the beginning of the Neotethyan rifting 
far to the Southeast (in Oman?) in the Tethys.

6. The Aegean-Sicilian branch was a subducting Paleotethyan domain between 
a Gondwanian passive margin and a "European" active margin (see also Baud et al. 
1991 and Stampfli et al. 1991) during most of the Late Paleozoic to early Late 
Triassic. A Paleotethyan suture from the Pontides-Strandzadides should not be 
traced into the Southern and Eastern Carpathians (as attempted by $engör 1984 
and $engör et al. 1984), and especially not across the East Carpathian geotectonic 
zones into the Euhallstatt-Meliatic-Transylvanide domain (as stressed by Kozur 
1991a, b and earlier works), but into the Aegean-Sicilian branch, as far as Sicily. 
The subduction here did not result in a full collision between the Gondwanian 
and European continents, but only in a "gentle docking" without orogeny in the 
classical sense, probably accompanied with large-scale transform movements (see 
also Baud et al. 1991 and Stampfli et al. 1991).

7. The Early-Middle Triassic magmatism of the Hellenides, (Outer) Dinarides 
and Southern Alps was related to the subduction in the Paleotethyan domain of 
the Aegean-Sicilian branch, which at the same time, resulted also in the 
back-arc-type opening of the Neotethyan ocean in the Dinaric-Alpine branch. In 
the case of the two-oceanic model it was the Ophiolite Belt (in the sense of 
Dimitrijevic 1982) -  Maliak Zone (in the sense of Papanikolaou 1984, 1986 and 
Jacobshagen 1986). The magmatism was mainly "penecontemporaneous with the 
initial phases of the existence of a spreading centre" (Pamic 1983, p. 140).

8. The Neotethyan opening in its more mature stage (according to all the three 
variants shown in Figs 5,7 and 8a, b), probably also related to a large dextral shear 
zone between Europe and Gondwana as an oblique rift "cutting the suture at an 
angle" (Baud et al. 1991; Stampfli et al. 1991), obliterated the Paleotethyan closing 
in the Aegean-Sicilian branch by the Norian time. The Neotethyan pattern of 
isopic zones (which persisted then in the inner zones till the closure of the Vardar 
Ocean s.l., whereas in the outer zones throughout the Mesozoic) was established 
in the Norian over a Paleotethyan accretionary and magmatic arc complex in the 
Hellenides and the Budva-South Apennine-Sicilian domain, very different from 
the coeval pre-Norian formations of the Dinaric-Alpine branch (and especially 
from the "Alpine Triassic" in the classical sense). This explains also that the common 
isopic zones of the Dinarides-Hellenides (with the exception of the oceanic and 
related deep-water ones) existed only from the Norian onward.

9. The pelagic connection of the South Apennine (Lagonegro) and Sicilian 
(Sicani-Immerese) basins during the Late Paleozoic and Triassic was not from the 
north of the Apulian block (as doubted by the present author concerning the
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Triassic paleogeography almost already since the first publication of the 
promontory idea; see Kovács 1980, p. 371, footnote and later paleogeographic 
reconstructions with the ending of the Dinaric-Alpine pelagic-oceanic seaway 
within the Austroalpine domain), but from the south of it. Detailed works of 
Catalano et al. (1988, 1991, 1992) in Sicily have finally disproven the existence of 
an "Adriatic promontory" of Africa in the sense of Channel and Horváth (1976) 
during the Late Paleozoic and Triassic. (Naturally, this fact does not effect its major 
importance and role as "promontory" later, during Alpine collisional phases.) In 
fact, Apulia was a not too wide continental block during this time, attached to 
Europe in the late Middle Carboniferous (by the final Variscan tectogenesis, the 
"Carnic phase" of Vai 1975) and separated only in the Middle Triassic by the 
Neotethyan oceanic opening in the Dinaric-Alpine branch. During most of the 
pre-Norian Triassic times it was an active island arc (accompanied by building up 
of carbonate platforms), with a Paleotethyan subduction on its southwestern4 side 
and with a Neotethyan back-arc rifting (possibly influenced by an oblique rift, 
too; see above) on its northeastern side. This setting between a subduction zone 
and a back-arc rift zone explains the typical "labile shelf" character of the South 
Alpine-Outer Dinaric carbonate shelf (formed on the northeastern side of Apulia) 
of the opening young ocean in the Dinaric-Alpine branch. As opposed to this 
setting, the North Alpine-Carpathian Triassic "stable shelf", including the Tisia 
terrane, formed on the European passive margin behind the Neotethyan rift.
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Geochronological evaluation of Mesozoic 
formations of Darnó Hill at Recsk on the basis 
of radiolarians and K-Ar age data
Lajos Dosztály Sándor Józsa
Hungarian Geological Survey, Budapest Eötvös Lordnd University, Budapest

The radiolarian fauna and K-Ar ages of Mesozoic oceanic fragments of Northern H ungary have 
been determined. In the Tóalmás-2 borehole assemblages of Middle and Upper Jurassic age, on Darnó 
Hill and near Bátor and in the Szarvaskő area, Middle-Upper Triassic and Middle-Upper Jurassic ones, 
in borehole Tornakápolna-З only Middle Triassic radiolarian assemblages were found. In the outcrops 
of Darnó Hill, normal layering of Triassic formations was encountered, while in the boreholes of the 
same area, normal Triassic and Jurassic sequences could be established.

The similarities of K-Ar age distribution within those parts of the Darnó and Szarvaskő sequences 
which contain Jurassic radiolarians point to the similar geological evolution of these two areas. The 
radiolarian fauna of the Triassic of these terranes is similar to that of Mellété (Meliata) Series in 
Southern Slovakia and that of Tornakápolna unit, which is also thought to belong to the Mellété 
(Meliata)series.

We concluded that the Jurassic portions of the studied sequences (Vardar ocean) may have originated 
in the back arc system of the Triassic ocean (Mellété [Meliata] ocean), and that they came together by 
later nappe movements.

Key words: Mellété (Meliata) ocean, Vardar ocean, Mesozoic, radiolarians, K-Ar ages, N-Hungary

Introduction
The Mesozoic oceanic formations found in North Hungary and South Slovakia 

may play a primordial role in the knowledge of the history of geological evolution 
and of megatectonic development of the Carpatho-Pannonian region. This is why 
recently Hungarian researchers have tried to clarify the relationship between the 
oceanic formations described in Slovakia from numerous localities as Mellété 
(Meliata) Series, and found at Tóalmás, Darnó Hill, Szarvaskő and the Bódva valley 
in Hungary. Nevertheless, up to now mostly sporadic, poorly documented, in 
some cases paleontological data (without fauna list) were available from these 
areas.

Determinations of radiolarians, and K-Ar ages of the samples deriving from 
boreholes and from the surface of Darnó Hill, allowed an improvement of the 
data and a better knowledge of Hungarian formations corresponding to the 
Mellété (Meliata) Series.
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Historic review

Igneous formations

Geological literature has not dealt separately with the formations of Darnó Hill 
for a long time; they were discussed together with those of Szarvaskő.

Spilitic formations were first mentioned by Szentpéteri (1933) from the Southern 
Bükk Mts; later, these were also described by others (e.g. Kiss 1958, Félegyházy 
and Vecsernyés 1970). Panto and Földvári-Vogl (1950) first called these formations 
ophiolites. According to Földessy (1970), the rocks of Darnó Hill are basalts, pillow 
lavas and hyaloclastics which underwent hypomagmatic primary alteration. He 
stated that the chemistry of these rocks is akin to those of Szarvaskő, and that 
sediments occurring together with the magmatites are contemporaneous with the 
igneous formations. According to the investigations of Onuoha (1977), these rocks 
are relics of the oceanic lithosphere and according to their petrographic features 
are ocean floor tholeiites.

According to Fábián (1981), these magmatites underwent metamorphism of 
prehnite-pumpellyite facies, but he could not decide whether the metamorphism 
was regional or contemporaneous with the formation of the rocks, though he 
concentrated on the hydrothermal-metasomatic processes contemporaneous with 
the spilitization.

Árkai (1983) supported the opinion of Földessy in the case of Darnó Hill.
On the basis of recent investigations, authors agree that these are ocean floor 

tholeiites, and call attention to the differences of formation conditions and ages 
of Darnó and Szarvaskő sequences: Panto (1980), Embey-Isztin (1982), Balia (1984), 
Balia and Dobretsov (1984), Réti (1985), Dobosi (1986), Kubovics et al. (1990)].

Age determinations in sedimentary formations carried out so far

Sediments which are found in the southeastern part of the Bükk Mountains 
and can be related to the volcanics were first assigned to the Carboniferous 
(Noszky 1912; Schréter 1913, 1914).

Schréter (1942) believed the red and grey siliceous schists of Darnó Hill to be 
of Triassic age. Balogh (1950, 1964) assigned the siliceous schists and shales of the 
Southern Bükk Mountains to the Ladinian -  on the basis of analogies with the 
Rudabánya Mts. The ages mentioned above were based on conclusions and 
analogies. Reliable data on the region were produced by the investigation of 
radiolarians, and partly of conodonts. In the following, references dealing with 
the radiolarians of the area will be discussed.

The fact that siliceous schists contain radiolarians has been known to geologists 
for a long time. The first photos of local radiolarians were published by Kiss (1958). 
(It is to be noted that he believed one of the demonstrated radiolarians to be an 
"alga-like" fossil.) Based on radiolarians, Balogh et al. (1984) first believed the red 
siliceous schist to be of Ladinian age. Kozur and Krahl (1984) mentioned Upper 
Langobardian radiolarians and conodonts from the Dallapuszta exposure. A 
detailed faunal list was first published by De Wever (1984), who studied the
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exposures of Dallapuszta and Hosszúvölgy. He was the first to prove the Triassic 
age of the sediments, and partly of the volcanics (in his paper, the Hosszúvölgy 
exposure is erroneously called Mélyvölgy, and the fauna described from there is 
not of Fassanian but of Langobardian age). Kozur (1988) published new taxa from 
the Dallapuszta exposure. He was the first to mention that the grey and black 
shales contain radiolarians of Jurassic age (Kozur 1991b). He believed the grey and 
black shale, the matrix of the melange, to be of Upper Dogger age (Kozur 1991b). 
The mixing of radiolarians is referred to first by Dosztály and Kovács (1989). 
Dosztály (1989) stated that the Dallapuszta sequence becomes younger upwards, 
and published a new taxon. Kozur (1991b) described Ladinian and Carnian 
radiolarians and conodonts from the exposures of Dallapuszta and Kovapala 
valley. He described Jurassic (Bajocian, Callovian) radiolarian fauna from the 
vicinity of both exposures of Triassic age.

Tectonics

Many authors have dealt with the tectonic evaluation of Darnó Hill and of its 
surroundings. Based on a rough understanding of recent research results 
(Zelenka et al. 1983; Grill et al. 1984; Balia 1987; Csontos 1988; Balia 1989; Kozur
1990), it is obvious that after the Middle Triassic, the first main tectonic event 
occurs at the Triassic-Jurassic boundary (200-210 MA), which is assumed be related 
to the initiating subduction of the Mellété ocean. In the subsequent phase, at the 
Jurassic-Cretaceous boundary (Eo-Hellenic phase, 145-140 MA), the nappes of 
Mónosbél-Szarvaskő type were thrust over the Bükk-Torna paraautochthon, 
then, in the Austrian phase, at the end of the Lower Cretaceous (ca 100 MA), 
another nappe motion occurred, in which the Silice nappe was overthrusted from 
the north onto the Mellété Series, of which the related folding can be recognized 
(Csontos 1988).

Subsequent to these events, the Darnó Line was generated, the activity of which 
seems to have been proven by Zelenka et al. (1983) from the Upper Eocene to the 
Middle Miocene, while Csontos (1988) believed it to be active from the Lower 
Miocene. This is a megatectonic belt of NNE-SSW strike, 8 to 10 km wide and 
about 200 km long from Tóalmás to the eastern edge of the Southern Gemer, along 
which lateral displacements of several tens of kilometers can be assumed, in 
addition to reverse faulting (our evaluable samples also derive from this zone).

Description of the exposures and rocks

Darnó Hill

Geological setting

Darnó Hill is a basement exposure of about 10 km2 area in the southwestern 
part of the Bükk Mountains, along the Darnó Line. This area is the southernmost 
exposed occurrence of Mesozoic ophiolites in South Slovakia and North Hungary 
(Figs 1 and 2).
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Among the oldest formations of Darnó Hill, the Paleozoic crystalline limestone 
and the questionable Upper Permian (Oravecz 1978) limestone-shale series are 
known only from boreholes. The dark limestone with calcite veins, also believed 
to be of Permian age, can also be found on the surface, though in restricted 
extension.

These formations are overlain, in tectonic contact, by the studied Mesozoic 
sequence, which has been known at the surface for a long time. Its lower part 
consists of grey and red limestone, of grey and red siliceous schist, shale and 
radiolarite, with alveolar basalt and basalt tuff intercalations. This lower part is 
overlain by a turbidite-like shale-siltstone-sandstone-limestone series; in the 
upper, practically sandstone-free sections, basalt, pillow lava and hyaloclastics, 
and in the uppermost part, microgabbro (dolerite) and gabbro are intercalated.

Previous investigations (Balia 1981; Baksa et al. 1981) unambiguously proved 
the imbricate structure of the Mesozoic formations and the fact that these overlie, 
as nappes, the Paleozoic formations consisting mainly of crystalline limestone.

In the area, Eggenburgian gravelly clay and conglomerate (Darnó Conglom
erate) are found as overlying formations, and these are overlain by the Lower 
Rhyolite Tuff and the Garáb Schlier. These are covered by Pleistocene-Holocene 
slope detritus and soil.

374 L .  Dosztály, S. Józsa

Daliapuszta, radiolarite exposure

The exposure is found 100 m north of the road between Recsk and Sirok, and 
200 m west of the Dallapuszta farm. The small, recently mined quarry exposes the 
red radiolarite in a thickness of about 8 m (Fig. 2). The radiolarite is well-stratified; 
the layer thickness varies between 2 and 20 cm. Strata are separated by thin clay 
films or clay strata of max 1 cm thickness. The rock is dark-red, and brownish-red 
in the upper part. In the section, trough-like structures can be observed locally. 
At the bottom of one of these structures, some flat pebbles are found (Plate IV, 
Photo 1). The pebble diameter varies between 1 and 4 cm; the pebble's center is 
white, and its composition is unknown so far. Such pebbles were found in several 
levels within the sequence (Plate IV, Photo 2). In the lower part of the exposure, 
a trace fossil was found (Plate IV, Photo 3), which is about 25 cm long and of a 
diameter of 2-3 cm.

Based on the features which can be observed on the surface (troughs, load 
structures, trace fossil), it was concluded that the sequence is in a normal position.

In the course of laboratory analyses, the surface of rock samples was treated 
with 5% HE The obtained surfaces showed fairly well the fine structure of 
radiolarite. Within each layer, finer layering can be seen. This can also be seen, 
after dissolution, in the colour effect (Plate IV, Photos 4, 5). The radiolarite layers 
are white, the clayey siltstone ones are red. Oblique stratification is frequent, the 
radiolarians often accumulate in lenses. Within the radiolarite layers, gradation 
could often be observed. Under microscope, it can be seen that some of the 
radiolarians are incomplete, also in the host rock. Lack of armlets and broken 
spines are frequent. These phenomena relate to periodical subaquatic movement.
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Fig. 1
Sketch of study area and the surroundings. 1. Tornakápolna-3 (TK-3) borehole; 2. Szarvaskő; 
3. Bátor; 4. RM-136 borehole; 5. RM-135 borehole; 6. Rm-131 borehole; 7. Sirok-1 borehole;
8. Tóalmás-2 (Tó-2) borehole; A -  Darnó-Szarvaskő series; В -  Mellété (Meliata) series; 
C -  nappe boundary
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Fig. 2
Outlined geological map of Darnó 
Hill (After Földessy 1 975). 1. Qua
ternary sediment; 2. Miocene se d 
iment and volcanics; 3. Oligocène 
sediment; 4. basalt, spilite;
5. shale, siliceous schist; 6. lime
stone; A -  Rm-135 borehole; В -  
Rm-136 borehole; C -  Rm- 1 3 1  
borehole, D -  Nagyrézoldal; E -  
Dallapuszta; F -  Kovapala valley; 
G -  Hosszúvölgy quarry

Radiolarians were accumulated by currents. Based on the measure of defects, it 
can be concluded that not redeposition, but rather mingling contemporaneous 
with the formation took place. Based on these observations, the model below was 
developed:

The cycle deposited onto the uneven surface of the partly consolidated clayey 
siltstone. Periodically strengthening water movement picked up the radiolarian 
tests and redeposited them synsedimentarily. Redeposition was gradual, as is 
shown by gradation. In the terminal phase of the cycle, clayey siltstone was 
deposited, which only sporadically contains radiolarians. Two kinds of colour 
phenomena could be observed on the dissolved surfaces. The one case is white 
and occurs in concentric manner, bound to lithoclasts. In the other case, the 
coloring is violetish; this occurs only in the lower part of the sequence, as lenses 
within the clayey siltstone strata, and cannot be bound to changes of lithology. 
This colour is presumably caused by hematite. As a result of dissolution, quartzite 
veins became visible; these occur almost solely perpendicularly to stratification,
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in two main directions which are nearly perpendicular to each other. These 
directions are presumably related to extensional tectonics. On the surface of one 
sample, schistosity perpendicular to stratification could be observed.

In the papers dealing with radiolarians of the exposure (De Wever 1984, Kozur 
1988a, Dosztály 1989), the authors agree on the Langobardian age of the sequence. 
Due to renewed mining, the deeper parts of the sequence were explored. The age 
of the radiolarians of these strata also proved to be Langobardian. The detailed 
faunal list is presented in Table 1.

Nagy Rézoldal (Fig. 2)

In the exposure's wall, a pillow lava in obviously overturned position can be 
seen (Balia etal. 1980). The pillow lava consists of slightly flattened spheres pressed 
onto each other; their size varies between 0.5 and 1 m. At the margin of the spheres, 
a 1—1.5 cm thick crust, transformed from the former glassy rim and consisting 
mainly of chlorite, can be observed. The gaps among the pillows are also filled 
with this material.

Beneath the chloritic crust, the margin of the pillow blocks consists of basalt of 
variolitic texture, in which pseudomorphs after olivine as phenocrysts can be seen, 
in addition to calcitic alveoles. The groundmass consists of albite needles, chlorite, 
opaque minerals and titanite. Towards the center of the pillows, the texture 
becomes intersertal, then intergranular; among the albite laths, augite occurs. In 
the north-northeastern end of the exposure the basalt is strongly altered, augite 
is chloritized, and plagioclase phenocrysts also occur.

Here, among the pillows, red colored sediments are locally seen in thin strata 
or lenses. Investigations of these sediments have failed to reveal the presence of 
any radiolarians so far.

Kovapala valley, radiolarite exposure (Fig. 2)

At the northern end of the gully, a radiolarite wall of about 7 m height is found. 
Since the closest igneous exposure is found about 20 m downward in the gully, 
and since the valley in question is of tectonic origin, the relationship between the 
radiolarite and the magmatité cannot be reliably established.

The studied exposure is more tectonized than that at Daliapuszta. Different 
tectonic phenomena can be fairly well observed on the vertically standing walls: 
folds and faults. Sampling was carried out in the less tectonized left wall. Here 
the radiolarite is well-stratified; strata thickness varies between 2 and 15 cm. Due 
to the "maturity" of the exposure, no clay films or small layers can be seen between 
the strata. The radiolarite is brownish-red, in the upper section yellowishb-rown.

Samples from the base of the exposure contain Fassanian radiolarians. 
Langobardian radiolarians were found in the upper section. Based on the 
investigations carried out so far, it appears that the studied section of Kovapala 
valley is older than the Daliapuszta one. Based on the radiolarians, it is certain 
that this section is also in a normal position. Kozur (1991) described Tuvalian 
radiolarians and conodonts from the uppermost part of the Kovapala valley
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Table 1
Dallapuszta, lower part of the radiolarite outcrop (Darno Hill, Recsk)

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

Capnuchosphaera sp. X X X X X X X X X X )( X

Muelleritortis cohleata X X X X X X X X X X X >C X X X X

Oertlispongus inaequipinosus X X X

Pseudostylosphaera sp. X X X X X X X X )( X X X X X

Triassocampe sp X X X X )( X X

Tritortis ci. balatoniai 
Triassocampe scalaris X X X X X X X X )( X X

X

Tripocyclia sp. X X X

Tritortis kretaensis 
Spongoserrula rarauna X

X X X X X X X

X

X

X

X

Triassocampe sp. A. in Gorican 
Pseudstylosphaera helicantum

X X X
X

X
X

X

Dumilricasphaera sp. X X

Palcispongus rostratus X

Hungarosaturnalis sp. X

Pentaspongodiscus sp. X

Pseudostylosphaera tenuis X

Pseudostylosphaera tortilis X

Tritortis kretaensis kretaensis X X X

Veghycycla sp. X

Zhamoidisphaera sp. X

Karnospogella bispinosa 
Hungarosaturnalis multispinosus 
Spongopallium contortum X

X

X

Baumgartneria cf. retrospina 
Japanocampe sp. X X X

X

Yeharia sp. ? X

Tritortis kretaensis robusta 
Paurinella cf. curvata X

X X

Poulpus sp. X

Sanfilippoella sp. X
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section. In the same publication he mentioned Jurassic radiolarians from a lateral 
valley to Kovapala. He also reported Jurassic fauna from the exposure east of the 
red radiolarite outcrop of Daliapuszta. During the field work we did not find 
these outcrops.The distribution of radiolarian fauna of the exposure is shown in 
Table 2.

Table 2
Kovapala valley, red radiolarite (Darnó Hill, Recsk)

12 11 10 9 8 7 6 5 4

Baumgartneria retrospina X
Cryptostephanidium sp. X X X
Falcispongus falciformis X
Oertlinsponginae gen. et sp. indet. X X X
Pseudostylospliaera longispinosa X X
Triassocampe scalaris X X X X

Triassocampe sp. X
Sepsagon sp. X X
Triassocampe sp. A. in Gorican et Buser X X X X X

Pseudostylosphaera coccostyla X

Eplingium sp. X
Dumitricasphaera sp. X
Triassocampe deweveri X

Muelleritortis cochleala x X

H osszúvölgy quarry (Fig. 2)

Red sediment can be found in one (?) layer in the eastern corner of the quarry. 
The volcanite here is strongly albitized and silicified intersertal basalt, in the 
groundmass of which titanite and opaque mineral are found among the albite 
laths; the porphyric components are plagioclase and pseudomorphs after olivine, 
consisting of albite, quartz, chlorite and calcite. The studied radiolarite layer lies 
in this volcanite, indicating contemporaneous formation.

The studied sample did not contain radiolarians (it was a clayey siltstone). De 
Wever (1984) and Kozur (1991) found radiolarians in this layer, the age proved to 
be Langobardian in both cases.

Darnó Hill drillings (Fig. 2)

Since the selection of a part of samples was carried out on those collected earlier, 
and also because in the boreholes strong tectonic effects were identified, the 
contact between radiolarite and magmatité could not be found. Thus, the temporal 
relationship of the igneous rocks with the sediments of defined age could not be 
determined.
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Borehole Rm-131

Schematic stratigraphic column (Fig. 3).
In the lower section of the borehole, between 1200 and 1000 m, Paleozoic 

crystalline limestone, and subordinately shale, are found. These are overlain by a 
sequence consisting of turbiditic shale; the sequence continues with intercalations 
of subordinate radiolarite, chert, alveolar basalt and basalt tuff. From 723 m 
turbiditic shale-siltstone and mafics (basalt, microgabbro, gabbro) alternate up to 
the overlying Miocene formations at 95.7 m.

Evaluation
Among the samples collected from the middle section of the borehole, 10 

contained radiolarians. The distribution by age is similar to that of borehole 
Rm-136. In the lower section (594.8-781.4 m) Triassic radiolarians, in the upper

Rm -135 Rm-136

1200

1 cm
6EZD

Fig. 3
Outlined stratigraphic columns of 
boreholes of Darnó Hill (based on 
Ballaetal. 1981, Baksa et al. 1981, 
Fábián 1981, report of the Recsk 
Copper Mines, and descriptions of 
the authors, simplified). 1. over- 
lying formations; 2. mafic magmat
ité; 3. shale; 4. sandstone; 5. radio
larite; 6. basalt tuff; 7. pelagic 
limestone; 8. crystalline lime
stone; 9. strongly tectonized zone; 
10. sampling localities
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section (316.5-526.0 m) Jurassic radiolarians were found. The state of preservation 
of radiolarians was rather bad, so a more exact chronological classification proved 
to be very difficult.

Faunal list:

316.5-322.0 m, red claystone:
Archaeodictyomitra sp.
Hsuum sp.
Zhamoidellum sp.

504.0 m, red radiolarian claystone:
Eoxitus cf. hungaricus Kozur 
Eoxitus sp.
Foremanim sp.
Hsuum cf. brevicostatum (Ozvoldova)
Hsuum cf. maxwelli Pessagno 
Hsuum sp.
Paromella sp.
Protunuma fusiformis Ichikawa et Yao 
Sethocapsa sp.
Stichomitra sp.
Theoparidae gen. et sp. indet. in: Aita 1987 

511.7 m, red radiolarite:
Hsuum cf. brevicostatum (Ozvoldova)
Hsuum sp.
Protunuma fusiformis Ichikawa et Yao 
Sethocapsa sp.
Yaocapsa sp.

517.0 m, red radiolarite:
Archaeodictyomitra sp.
Eoxitus sp.
Eucyrtidiellum cf. unumaensis Yao 
Hsuum brevicostatum (Ozvoldova)
Hsuum cf. maxwelli Pessagno 
Protunuma fusiformis Ichikawa et Yao 
Protunuma cf. ochiensis Matsuoka 
Protunuma sp.
Saitoum sp.
Sethocapsa sp.

525.4-526.0 m, red radiolarite:
Eucyrtidiellum sp.
Protunuma sp.
Stichocapsa sp.
Zhamoidellum sp.
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The faunas listed above are homogeneous and very similar to that deriving from 
borehole Rm-136 (59.6-59.7 m). The age of these faunas is Callovian.

594.8 m, red radiolarite (siliceous schist):
Capnuchosphaera sp.
Cenosphaera sp.
Pseudostylosphaera goestlingensis (Kozur et Mostler)
Sarla sp.
Triassocampe cf. scalaris Dumitrica et Kozur et Mostler 

Based on the radiolarians listed above, the age of the sample may be Upper 
Ladinian or Lower Carnian.

767.2 m, red radiolarite (siliceous schist):
Cenosphaera sp.
Muelleritortis cochleata (Nakaseko et Nishimura)
Pseudostylosphaera sp.
Triassocampe sp.

The age of the sample is certainly Langobardian.
771.2 m, red radiolarite:

Cenosphaera sp.
Pseudostylosphaera sp.

780.0 m, red radiolarite (siliceous schist):
Astrocentrus sp.
Baumgartneria cf. retrospira Dumitrica 
Cryptostephanidium sp.
Oertlispongus inaecjuispinosus Dumitrica et Kozur et Mostler 
Paroertlispongus sp.
Pseudostylosphaera sp.
Triassocampe sp. A in: Gorican and Buser 1990 
Triassocampe spp.

The age of the sample is certainly Ladinian. More exactly, based on 
Cryptostephanidium sp. and Paroertlispongus sp., Lower Ladinian is more probable 
(the lack of Muelleritortis species also favors the Lower Ladinian age).

781.4 m, red radiolarite (siliceous schist):
Cenosphaera sp.
Pseudostylosphaera cf. coccotyla (Rüst)

The age of the sample is Ladinian.
When comparing the samples of Triassic age, it can be stated that, based on the 

radiolarians, the strata column appears to become younger upwards.

Borehole Rm-135

Schematic stratigraphic column (Fig. 3).
In the lower section of the borehole, the planktonogenic limestone and 

turbiditic shale already known from borehole Rm-131 are found, with fine 
sandstone and basalt tuff, upwards with alveolar basalt intercalations. From 880 m,
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turbiditic shale-siltstone and igneous formations (basalt, microgabbro, gabbro) 
alternate up to the Miocene covering strata at 17.6 m.

Evaluation
745.0 m, grey siliceous schist:
Only one sample contained radiolarians. The state of preservation of the poorish 

fauna is very bad.
Sethocapsa sp.
Williriedelidae gen. et sp. indet.

On this basis only a Jurassic age can be assumed.

Ceochronological evaluation 383

Borehole Rm-136

Schematic stratigraphic column (Fig. 3)
This strata column is very similar to that of borehole Rm-131. Between 1200 and

870.8 m Paleozoic crystalline limestone occurs, overlain up to 379.4 m by 
planktonogenic limestone, turbiditic shale, siltstone and fine sandstone. Above 
these alveolar basalt and basalt tuff intercalations are also found. From 335.2 m a 
sequence consisting of the alternation of turbiditic shale-siltstone and igneous 
formations occurs up to 17.6 m, over which Miocene covering strata are found.

Evaluation
Radiolarians were found in two sections of the borehole: 55.8-59.7 m: Jurassic 

radiolarians; 124.2-124.8 m: Triassic radiolarians.
Before giving the detailed faunistic evaluation, some comments are needed 

concerning the origin of the samples (only the radiolarianbearing samples will be 
mentioned):

Samples deriving from 55.8, 58.0, 124.2 and 124.8 m were collected by S. Józsa. 
Those deriving from 59.6 and 59.7 m and displaying dark-grey color were collected 
by E Pelikán. I. Szabó, the geologist who described the cores, mentioned grey 
siltstone between 59.3 and 60.8 m in the original report. In subsequent reports 
and publications (Balia et al. 1981), this formation is missing, and in its place a 
tectonic contact is shown. I. Szabó indicated spilite breccia between 58.0 and 
59.3 m, without reference to tectonics.

The detailed radiolarian fauna is as follows:
(Plate III, Photos 1-7):
55.8 m, red radiolarian claystone, radiolarite:

Angulobrachia sp.
Archaeodictyomitra spp.
Archicapsa pachyderma (Tan Sin Hok)
Canoptum sp.?
Eoxitus cf. hungaricus Kozur 
Eoxitus sp.
Eucyrtidiellum cf. pyramis (Aita)
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Eucyrtidiellum sp.
Hsuum baloghi Grill et Kozur 
Hsuum maxwelli Pessagno 
Hsuum sp.
Japanocapsa aff. fusiformis (Yao)
Napóra sp.
Parvicingula sp.
Praeconocaryomma sp.
Praezhamoidellum yaoi Kozur 
Protunuma fusiformis Ichikawa et Yao 
Protunuma sp.
Saitoum sp.
Sethocapsa cf. kaminogoensis Aita 
Sethocapsa spp.
Tritrabs sp.
Yaocapsa mastoidea (Yao)
Yaocapsa sp.
Zhamoidellum sp.?

Based on the radiolarians, the sample's age falls at the Bathonian-Callovian 
boundary. According to Aita (1987), this is the Eucyrtidiellum unumaense zone. 
This practically corresponds to the lower section of the "Unuma echinatus" zone 
modified by L. Dosztály (Csontos et al. 1991).

58.0 m, red claystone:
Archaeodictyomitra sp.
Zhamoidellum sp.

59.6 m, black radiolarite:
Eoxitus hungaricus Kozur
Eucyrtidiellum ptyctum (Riedel et Sanfilippo)
Eucyrtidiellum sp.
Hsuum sp.
Parvicingula sp.
Protunuma cf. ochiensis Matsuoka 
Pseudodictyomitrella sp.
Tricolocapsa sp.

59.7 m, red radiolarite:
Eoxitus hungaricus Kozur
Eucyrtidiellum ptyctum (Riedel et Sanfilippo)
Eucyrtidiellum cf. unumaensis Yao
Hsuum sp.
Parvicingula sp.
Protunuma cf. ochiensis Matsuoka 
Protunuma sp.
Pseudodictyomitrella sp.
Saitoum sp.
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Striatojapanocapsa sp.
Tricolocampe sp.

The age of the two latter samples is Callovian (younger than the fauna of 55.8 m). 
The fauna listed here is very similar to that illustrated by Kozur (1991) from the 
lateral valley to that of Kovapala. Kozur also gives a Callovian age. If between the 
samples mentioned here there are no tectonics, then this section of the borehole 
is found in an overturned position. Should there be tectonic separation between 
them, then the imbricate structure of the sequence can be verified.

124.2 m, red radiolarian claystone:
Cenosphaera spp.

124.8 m, red radiolarite:
Capnuchosphaera spp.
Conodonta dentition fragment

The observed Capnuchosphaera species indicate only the Upper Ladinian- 
Norian time interval. The statements of Balia et al. (1981) contradict the 
observation of Triassic sediments beneath the Jurassic ones, i.e. they state that the 
strata column is in overturned position. Nevertheless, Jurassic data suggest that 
certain sections of the borehole may be in overturned position. Kozur (1991) 
believed the grey and green radiolarites to be the matrix of the melange. If there 
is no tectonic contact between the two samples providing Jurassic age, this can 
also be rejected. It is hardly probable that two deep-sea sediments of nearly the 
same age occur as olistoliths within each other.

Broader geological environment and description of samples deriving front it

In the following we try to introduce some exposures and boreholes which lie 
farther away from the Darnó Line, but are important for understanding the 
tectonic relationships.

Borehole Tóalmás-2 (Fig. 1)

In the borehole, beneath Eocene sediments, basic volcanics and red sediments 
are found between 2250 and 2300 m. Due to the non-continuous core sampling, 
however, the relationship of volcanics and related sedimentary rocks to each other, 
as well as to the under- and overlying formations, cannot be determined.

Radiolarians were found in one of the clayey siltstone samples.
2173.5-2174.5 m, clayey siltstone:

Eucyrtidiellum ptyctum (Riedel et Sanfilippo)
Eucyrtidiellum sp.
Protunuma sp.
Stichocapsa sp.

Based on these radiolarians, the age of the sample is Callovian-Kimmeridgian.
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Szarvaskő-Mónosbél nappes

The material of the nappes mainly consists of mafic-ultramafic magmatites, 
sandstones, limestones, shales and siliceous schists. Radiolarians were studied 
from the siliceous schists and from the red radiolarites in the olistostroma series. 
Samples were collected by Z. Gulácsi.

Szarvaskő (Fig. 1)

Northern side of Varga-tető, black siliceous schist:
Hsuum cf. brevicostatum (Ozvoldova)
Obesacapsula sp.
Paronaella sp.
Parvicingula sp.
Saitoum sp.
Sethocapsa sp.

The sample's age may be Bathonian to Tithonian.

Malom Hill, western slope

Red radiolarite is found in the hillside, in uncertain tectonic and stratigraphic 
position. According to Z. Gulácsi, this is a fresh rock exposure. He believed that 
the radiolarite is a member of the olistostrome series, as a greater block. The fauna 
of the radiolarite is as follows (Plate II, Photos 1, 2, 5):

Canoptum sp.
Capnodoce cf. anapetes De Wever 
Capnodoce primaria Pessagno 
Capnuchosphaera sp.
Loffa sp.
Sarla sp.

This sample gave the first Triassic radiolarians from the Szarvaskő area. The 
sample's age is Upper Carnian-Middle Norian. For the time being this is the 
youngest Triassic radiolarian fauna from the Bükk area. Z. Gulácsi collected red 
radiolarite detritus in the hillside of Malom Hill, close to the exposure above. The 
radiolarian fauna showed two different ages: Lower Ladinian and Carnian. In the 
following the separated radiolarian fauna will be listed.

Lower Ladinian (Plate I, Photos 4-6):
Baumgartneria retrospina Dumitrica 
Falcispongus calcanéum Dumitrica
Oertlispongus inaecjuispinosus Dumitrica et Kozur et Mostler 
Oertlispongus longirecurvatus Kozur et Mostler 
Triassocampe sp.

Carnian (Plate II, Photos 3, 4, 6, 7):
Capnuchosphaera triassica De Wever 
Capnuchosphaera cf. tricornis De Wever 
Hagiastrum sp.
Kahlerosphaera sp.
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Paleosaturnalis cf. triassicus (Kozur et Mostler)
Rhopalodictyum sp.
Triassocampe cf. sulovense Kozur et Mock

This assemblage is also found in the radiolarite within the olistostrome.

Bátor, Határ-gödör (Fig. 1)

Red radiolarite deriving from the olistostrome series was studied. Only the 
sporadic fauna below was found (Plate I, Photos 1-3):

Eptingium manfredi Dumitrica 
Paurinella sp.
Pseudostylosphaera spp.
Triassocampe cf. sulovense Kozur et Mock 
Triassocampe sp.

Based upon this assemblage, the sample's age is Ladinian.
Preliminary radiolarian studies were made in the siliceous schists of the 

surroundings of Bátor. Based on the studies carried out so far, it appears that the 
two Jurassic ages known from borehole Rm-136 can be recognized here as well. 
Fauna relating to the Bathonian-Callovian boundary was found in the southern 
hillside of Pirityó-tető of Bátor; Callovian fauna was found in the eastern hillside 
of Apróormok of Bátor and in the northern slope of Reszél-tető of Egerbakta.

Mellété (Meliata) Unit

Borehole Tornakápolna-З (Fig. 1)

Schematic stratigraphic column (Fig. 4)
Between 600 and 408 m massive basalt and pillow lava were penetrated. This 

sequence only contained deep-sea sediments, radiolarite among others, in a short 
section. Above this sequence, up to 138 m, the alternation of mainly evaporite and 
serpentinite can be observed, with an about 20 m thick shale and thinner 
radiolarite intercalation at 320 m.

Evaluation
In Hungary, part of the Tornakápolna-З borehole is believed to belong to the 

Mellété (Meliata) Unit, in addition to Darnó Hill (Réti 1985). In this borehole the 
red shales and radiolarites are in inter-pillow position and the contact between 
the pillow lava and radiolarite can be fairly well observed (Plate IV). The basalt 
directly contacting the radiolarite does not contain alveoles; its texture is 
vitrophyric, the phenocrysts are represented by chlorite pseudomorphs after 
olivine and greater amounts of plagioclase. When moving from the contact 
towards the rock body, the texture becomes first spherolitic, then variolitic. In the 
course of studying the red radiolarites, evaluable radiolarian fauna was found in 
two samples.
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563.8 m:
Astrocentrus sp.
Baumgartneria bifurcata Dumitrica 
Cenosphaera sp.
Cryptostephanidium cf. verrucosum 
Dumitrica
Eptingium manfredi Dumitrica 
Falcispongus falciformis Dumitrica 
Oertlispongus inaequispinosus Dumitrica 
et Kozur et Mostler 
Paurindla sp.
Pentaspongodiscus sp.
Picapora robusta Kozur et Mostler 
Pseudostylosphaera sp.
Triassocampe cf. scalaris Dumitrica et 
Kozur et Mostler 

564.0 m:
Cenosphaera sp.
Oertlisponginae gén. et sp. indet.
Pseudostylosphaera sp.
Triassocampe sp.

The age of the fauna is Lower 
Ladinian, i.e. Middle and Upper 
Fassanian. The fauna reported here is 
almost the same as that reported by 
Kozur and Réti (1986) from 567.0 m.

Fig. 4
Outlined stratigraphic column of borehole 
Tornakápolna-3. 1. marl; 2. sandstone;
3. evaporite; 4. serpentinite; 5. mafic Summary of the K-Ar age determinations 
magmatité; 6. radiolarite

K-Ar age determinations were made 
by E. Árva-Sós, in the Institute of 

Nuclear Physics of Debrecen. Detailed results of the analyses will be published 
separately (Árva-Sós and józsa, in press); here, only the short summary of the 
above-mentioned paper will be presented (see Fig. 5).

Twenty-three gabbro and basalt samples, deriving from the boreholes (Rm-131, 
Rm-135, Rm-136 and Sirok-1), and from the surface of Darnó Hill and from the 
Tóalmás wells (Ró-2 and Tó-З), provided data which could be evaluated. Among 
them three gabbros provided an age close to 175 MA (Tó-З at about 2063 m, Rm-135 
at 451.4 m, Darnó Hill at surface, Hosszúvölgy quarry in a block), which may 
correspond to their age of formation, i.e. Middle Jurassic. Other samples provided 
much younger ages, due to subsequent effects; thus, their age of formation cannot
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be exactly determined. Nevertheless, based upon geological data it can be stated 
that the age of the other rocks is Middle Jurassic or older.

In the diagram showing the distribution of K-Ar age data (Fig. 5), the sub
sequent effects can be fairly well traced. The maximum between 140 and 135 MA, 
determined by data of coarse grained rock types, is attributed to the Eo-Hellenic 
(Late Kimmerian) phase of the Lower Cretaceous.

This was followed at the Uppermost Lower Cretaceous by the Austrian phase 
(about 100 MA), which is shown by the accumulation of data at about 95 MA in 
predominantly fine-grained rocks (basalts).

Between these two main events, at about 125 MA a smaller peak is seen on the 
diagram, which may relate to a tectonic effect unknown so far.

The young displacement along the Darnó Line affected only slightly and locally 
the K-Ar age of the studied rocks, i.e. in tectonically more affected areas.

When comparing the K-Ar ages of the three North Hungarian ophiolitic regions 
(Darnó Hill, Szarvaskő, Bódva valley), between the mafic magmatites of Darnó 
Hill and of Szarvaskő, a close similarity of tectonic (metamorphic) evolution can 
be determined (Fig. 5) while K-Ar age distribution of the gabbros of the Bódva 
valley shows differences from those of the above-mentioned two areas.

1 0 /e rro r

T -  sam ple  loca l i ty  
t  -  tectonic  p h a s e
l. -  lower
m. -  m id d le  
u. — upper

Fig. 5
K-Ar age distribution of Mesozoic magmatites of North Hungary
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Conclusion

-  In the Darnó Hill boreholes, both Triassic and Jurassic radiolarian ages could 
be determined;

-  in the surficial outcrops, the normal bedding of radiolarites could be 
identified;

-  in Darnó Hill, no radiolarite could be found being directly related to the 
pillow lava. Here, in the case of the only interrelated radiolarite-volcanite 
assemblage, no pillow lavas exist (Hosszúvölgy quarry);

-  results argue against the possibility that complete drilling sequences could 
be in an overturned position. This can be imagined only within certain 
imbrications;

-  the fauna of the Triassic red radiolarites shows agreement with the radiolarite 
fauna of borehole Tornakápolna-З, belonging to the Mellété (Meliata) Unit, and 
of Bátor and Deresk (Drzkovce) (Dumitrica and Mello 1982);

-  the Jurassic radiolarites and siliceous schists can be paralleled with the 
siliceous schists of the Szarvaskő-Mónosbél nappes (the red and black clayey 
siltstone of borehole Tóalmás-2 also belongs to this unit);

-  in the area of the Szarvaskő-Mónosbél nappes, Triassic radiolarians could be 
identified from the olistostrome (Szarvaskő, Bátor).

Summary

In this study, the radiolarian fauna of siliceous schists and radiolarites deriving 
from Darnó Hill, Szarvaskő, Bódva valley (borehole Tornakápolna-З) and from 
borehole Tóalmás-2 was studied. An attempt was made to interpret the age data, 
as well as the K-Ar data obtained from the area.

The new results produce numerous new questions. One of these is the age of 
the pillow lavas. Based on our present knowledge, pillow lavas and fauna-bearing 
sediments are not found together in Darnó Hill. The fact that, in the area, Triassic 
and Jurassic deep-sea sediments are found (radiolarites) provide the following 
hypothesis:

1) The pillow lavas are of Triassic age. In Darnó Hill, Triassic volcanite (non 
pillow) is certainly found (Hosszúvölgy quarry). The red radiolarites, distributed 
in great amounts on the surface, agree both in age and in features with those of 
borehole Tornakápolna-З.

2) Pillow lavas are of Jurassic age.
This is based on the petrological and radiogenic similarities to the pillow lavas 

of the Szarvaskő-Mónosbél nappes. In the boreholes, close to the volcanics, 
Jurassic siliceous schists are found here as well.

3) Pillow lavas are of Triassic and Jurassic age.
This is the most probable option. Based on the investigations, it appears that 

the Mellété (Meliata) and Szarvaskő-Mónosbél Units were formed in one geo
syncline. In this geosyncline, magmatism related to the mid-oceanic ridge existed
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Plate I

1, 2, 3 Bátor, Határ-gödör

1 — Paurinella sp., M = 450x
2 — Eptingium manfredi Dumitrica, M = 300x
3 — Triassocampe cf. sulovense Kozur et Mock, M = 450x

4, 5, 6 Szarvaskő, Malom Hill, w estern slope

4 — Falcispongus calcanéum Dumitrica, M = 200x
5 — Oerllispongus inaequispinosus Dumitrica et Kozur et Mostler, M = 160x
6 — Baumgarlneria retrospina Dumitrica, M = 160x

Plate II

1-7 Szarvaskő, Malom Hill, w estern slope

1 — Capnodoce anapetes De Wever, M = 200x
2 — Capnodoce anapetes De Wever, M = 180x

3, 4 — Capnuclwsphaera cf. tricornis De Wever, M = 200x
5 — Capnodoce primaria Pessagno, M = 240x
6 — Pal eo sa lu malis cf. triassicus (Kozur et Mostler), M = 200x
7 — Triassocampe cf. sulovense Kozur et Mock, M = 200x

Plate III

l-2.Recsk, borehole Rm-136, 124.8 m

1 — Capnuclwsphaera sp., M = 300x
2 — Capnuclwsphaera sp., M = 450x

3-6 Recsk, borehole Rm-136, 55.8 m

3 — Yaocapsa mastoidea (Yao), M = 500x
4 — Yaocapsa mastoidea (Yao), M = 500x
5 — Archicapsa pachyderma (Tan Sin Hok),. M = 320x
6 — Hsuum brevicoslalum (Ozvoldova), M = 360x

7 Recsk, borehole Rm-136, 59.7 m

7 — Eucyrlidiellum ptyctum  (Riedel et Sanfilippo), M = 440x



Plate IV

1 — Gravels lying at the bottom  of trough-like structure , in radiolarite. Recsk,
Dallapuszta

2 — White gravels in radiolarite. Recsk, Dallapuszta
3 — Trace fossil prepared a t the bottom of bedding plane, in radiolarite. Recsk,

Dallapuszta
4 — Radiolarian-rich layer (w hite) overlying uneven clayey surface (red) and

radiolarian-rich lenses in clay. Recsk, Dallapuszta
5 — Alternation of w hite, radiolarian-rich and red clayey strata after dissolution in HF.

Recsk, Dallapuszta
6 — Contact of pillow lava and radiolarite. Borehole Tornakápolna-3 (Tk-3, 565.6 m)



Plate I



Plate II



Pinte III



Plate IV
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both during the Triassic and the Jurassic, and it can also be imagined that the 
Jurassic ocean developed within the Triassic oceanic plate, from a back-arc basin. 
During the Jurassic and Triassic, magmatites and a part of the deep-sea sediments 
could be in an uplifted position. Smaller and greater blocks could slide from here 
into the Jurassic geosyncline. According to our assumptions, the redeposited pieces 
of Triassic magmatites must be found in the Szarvaskő-Mónosbél Unit. Their 
position beside each other at Darnó Hill can be explained by subsequent tectonic 
activity.
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Malm platform in the hydrocarbon exploration 
well Mezőtúr-З (East Hungary)
Anikó Bérczi-Makk
Oil and Gas Laboratories, Budapest

South of the Central-Hungarian megatectonic zone, in the Tiszántúl area of the Tisza Unit (East 
Hungary), the Mezőtúr-З hydrocarbon exploration well-revealed Upper Jurassic (Malm) platform 
carbonates in the pre-Miocene basement.

More than half of the roughly 600 m thick Mesozoic sequence consists of volcanic rocks. In Great 
Plain relations, the fauna assemblage of the intercalated limestone, as well as that penetrated at the 
bottom, are unique according to the recent level of knowledge (Clypeim jurassien Favre, Salpingoporella 
grudii (Radoiíif), Pseudocyclammimlituus (Yokoyama), Kurnubia palasliniensis Henson, Nauliloculina 
oolithica Mohler, Trocholina alpina (Leupold), Parurgonia caelinensis Cuvillier, Foury et Pignatti-Mo- 
rano).

The limestones of Mezőtúr can be fairly well correlated w ith the Mediterranean Jurassic shallow-water 
and Malm shallow shelf formations of normal salinity.

Key words: Malm, calcareous alga, foraminifers, East Hungary

Introduction

South of the Central-Hungarian megatectonic zone, in the Tiszántúl part of the 
Tisza Unit (Fig. f), on the Mezőtúr structure of the Mecsek-Nagykőrös-Debrecen 
Mesozoic belt (Bérczi-Makk 1985,1986) the borehole Mezőtúr-З (Mtúr-З) revealed 
a Mesozoic sequence in the pre-Miocene basement that is unique in the Great 
Plain.

The hydrocarbon exploration well Mezőtúr-З was drilled in 1983 in the strip 
lying in the southern margin of the SW-NE-trending Szolnok-Debrecen flysch 
belt, that is, a narrow belt, tectonically strongly disturbed and consisting of 
Mesozoic magmatites and of Jurassic and Lower Cretaceous sedimentary 
formations. The revealed Jurassic platform carbonates and the intercalated and 
underlying pyroclastics are of great importance. The Mesozoic volcanics, the basalt 
agglomerates and basalt lavas may indicate that volcanism already began in the 
Jurassic.

Malm shallow marine, dark-grey, brownish-grey, locally ooidic, fossiliferous 
limestone was unknown in the Great Plain so far. Be it either autochthonous or 
allochthonous, it is of great geological significance. If it is autochthonous, it cannot 
be neglected in the megatectonic interpretation of the region. If it is allochthonous, 
both the mode and the locality of its provenance should also be taken into account 
when elaborating the geological model of the nearer and farther surroundings.

Address: A. Bérczi-Makk: H-1039 Budapest, Batthyány u. 45, Hungary
Received: 22 October, 1991.

Akadémiai Kiadó, Budapest



3 9 6  A. Bérczi-Makk

Stratigraphic column and faciological analysis of the Mesozoic sequence 
of borehole Mezőtúr-3

More than half of the nearly 600 m thick Mesozoic sequence penetrated in 
pre-Miocene basement (Fig. 2) consists of volcanic rocks (2806-2842 m; 
3089-3371 m). The age of the basalt agglomerate and of the mafic volcanics is 
uncertain. Based on available data, it has been suggested that these may indicate 
volcanism starting in the Jurassic. The basalt agglomerates are green to red-brown 
hard rocks, consisting of lava pieces 1 to 10 cm in size. The intermittent space is

Fig. 1
Sketch map of the hydrocarbon exploration well Mezőtúr-3 (Mtúr-3)
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Mesozoic sequence of the hydrocarbon exploration well Mezőtúr-3 (Mtúr-3)

filled with smaller lava blocks. The mafic volcanic lava is a violetish-grey hard 
rock.

The microfauna of the intercalated (2842-3089 m) and bottom carbonate 
(3371-3400 m) formations is unique in Great Plain relationships, according to the 
most recent level of knowledge (Fig. 3).

The foraminifer assemblage (core samples 5 and 7) of biomicrites of the sequence 
revealed between 2842 and 3089 m, consisting of dark-grey, grey, hard, tectonically 
strongly affected authigenic breccia with folded sandy marl pieces, and of 
dark-grey clay-marl intercalations of splintery fracture and steep dipping, densely 
penetrated by white chaotic calcite veins, is Malm in age. The microbiofacies which 
can be characterized by Lituolidae foraminifers living in shallow-marine, quiet 
water was unknown so far from localities of the Great Plain:

A cta  Geologien Hungarica
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Nautiloculim oolithica Mohler, Plate IV, Photo 4 
Alveosepta sp., Plate IV, Photo 5
Cyclamminidae sp., Plate III, Photos 4-5; Plate IV, Photos 1-2 
Pseudocyclammina lituus (Yokoyama), Plate II, Photo 1 
Pseudocyclammina sp., Plate II, Photo 4

Edge
o o lith ic I Pisiform  inner \ I Continent I

Acta Geologica Hunmarka

Fig. з
Paleoecological model of characteristic benthic foraminifers and calcareous algae of Mezőtúr
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Rectocyclammina chouberti Hottinger, Plate II, Photo 2 
Rectocyclammina sp.
Ataxophragmiidae sp., Plate I, Photo 1 
Pfenderina sp., Plate IV, Photos 3, 6a 
Kurnubia palastiniensis Henson, Plate II, Photo 3 
Kurtiubia sp., Plate III, Photos 1-2, 4 
Textularia sp.
Valvulina lugeoni Septfontaine, Plate I, Photo 3 
Paalzowella sp., Plate IV, Photo 6b

This foraminifer assemblage indicates subtidal ( = infralittoral) internal environs 
of low energy (Pélissié and Peybernés 1983; Pélissié et al. 1984; Septfontaine 1980).

The bottom hole formation revealed biosparite in red-brown light brown 
onkoidic limestone between 3371 and 3400 m, the fauna assemblage of which, 
living in a shallow shelf lagoon environment, is also Malm (core samples 10, 11): 

Clypeina jurassica Favre, Plate VI, Photo 4; Plate VII, Photos 3-4 
Salpingoporella grudii (Radoifii), Plate VII, Photos 5-6 
Salpingoporclla sp., Plate VI, Photo 3 
Lituolidae sp., Plate V, Photos 3-4 
Valvulina lugeoni Septfontaine, Plate V, Photos 1-2
Parurgonina caelinensis Cuvillier et al., Plate VI, Photos 1-2; Plate VII, Photos 1-2 
Trocholina alpina (Leupold), Plate V, Photos 7-8 
Hauerinidae sp., Plate V, Photos 5-6
These calcareous algae and foraminifers suggest an environment close to the 

margin of the carbonate platform, in the internal part of the subtidal (= 
infralittoral) region, but of higher energy (Pélissié et al. 1984).

Regional relationships of the Malm series of Mezőtúr

The Jurassic platform carbonates of Mezőtúr can be fairly well correlated litho- 
and biostratigraphically with the very shallow, normally saline Malm shallow shelf 
formations (Fig. 4) of the Mediterranean Jurassic (Flügel 1978, 1982; Hottinger 
1971).

It can be correlated with the benthic foraminifer fauna of the Oxfordian- 
Kimmeridgian low energy, internal, neritic belt of the Pyrenees (Perconig 1968) 
and of the Bathonian-Oxfordian infralittoral reef series of the Aquitanian basin 
(Pélissié and Peybernés 1983; Pélissié et al. 1984).

The possibility of relating them to the microbiofacies with Pseudocyclammina 
and Trocholina, of the micrites and biomicrites of the Malm reefs ("Plassen- 
steinkalk") of the Northern Calcareous Alps cannot be excluded either (Fenninger 
1967; Fenninger and Holzer 1972; Leischner 1961; Steigerand Wurm 1980; Tollmann 
1976).

There is fair agreement with the pfenderinidae-bearing foraminifer association 
of the Malm shallow shelf lagoon formations of the Apennines (AGIP 1988; 
Crescenti 1969; Flügel 1978; Raffi and Forti 1959).

Acta Geologica Hungáriái
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As with the Italian Apennines (Fourcade and Chorovitz 1980), they can also be 
paralleled with the pfenderina-, kurnubia and cyclammina-bearing microbiofacies 
of the Jurassic shallow marine carbonate platform sediments (GuSiő 1969a, b; GuSic 
et al. 1971; Guäicf and Velid 1978; Nikler and Sokai 1968; RadoiíÜ 1966, Velic and 
Sokai 1978), which show widespread extension in the Outer Dinarides of Croatia 
(Farinacci and Radoiiii 1964) and in Gorski Kotar of Slovenia (Dozet and Sribar 
1981; Sribar et at. 1979).

The limestones can also be correlated with the Oxfordian-Tithonian platform 
carbonates of the Transylvanian Mid-Mountains (Farcu Limestone Formation, 
Crisanului Formation; Dragastan et al. 1986; Popa et al. 1982).

Correlation is also possible with the pfenderina- and pseudocyclammina- 
bearing foraminifer assemblage of the lagoonal formations of the Upper 
Dogger-Lower Malm carbonate platform of Africa (Algeria: Leikine and Vila 1975; 
Ethiopia: Ficcarelli et al. 1975; Morocco: Hottinger 1967; Septfontaine 1984, 1985; 
Somali: Abbate et al. 1974).

Further correlations can be made with the Upper Dogger-Malm foraminifer 
associations in micrites and biomicrites of the Beersheva Formation and of the 
("unnamed") limestones of the Haifa environs in Israel (Derm and Reiss 1966; 
Maync 1965) as well as with the Cyclamminidae, Pfenderinidae and Trocholinidae 
assemblages of the Middle-East (Henson 1947a, b; Redmond 1964a, b).

There may also be a relationship with subtidal foraminifer associations of 
Dogger-Malm carbonate platforms of Central Asia (Turkey: Altiner and 
Septfontaine 1979; Bassoullet and Poisson 1975; Afghanistan: Montenat and 
Bassoullet 1983) and of Southwestern Asia (Henson 1948).

Finally, the real possibility of the paleogeographic relationship between the 
Dogger-Lower Malm "threshold facies" of the Bükk Mountains of Hungary 
(Bérczi-Makk and Pelikán 1982; Bérczi-Makk et al. 1989) and the carbonate platform 
series of Mezőtúr described in this paper, should also be mentioned. The 
protopeneroplis-bearing microbiofacies from Dogger-Lower Malm olistostromes 
of the Bükk Mountains indicates a "threshold facies" of shallow shelf areas. The 
faunal association of Mezőtúr with Pseudocyclammina and Clypeina suggests 
Kimmeridgian age (younger than in the Bükk Mountains) and a littoral shelf 
lagoon facies further away from the basin (Fig. 5).

Fig. 4<-
Extension of Malm platform carbonates with a facies similar to that of the Mezőtúr limestone
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Mezőtúr Bükk Mts
East Hungary North Hungary
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to
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Fig. 5
Microbiofacies of Jurassic platform carbonates of North and East Hungary

Conclusions

The shelf lagoon formation revealed by the Mezőtúr-З borehole in East Hungary 
is a new and remarkable datum from the biostratigraphic point of view. It is a link 
to the South European extension of Clypeina jurassica Favre, and represents an 
important contribution to the elaboration of the geological model of the local and 
regional surroundings.

As far as Great Plain relationships are concerned, this is new information 
according to present levels of knowledge. Being in possession of the characteristic 
fossil association of Mezőtúr, it would now be expedient to re-investigate the 
micropaleontology of carbonate sections of the boreholes in the Great Plain which 
penetrated Jurassic previously.
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Plate I

1 — Alaxophragmiidae sp. xlOO
Mezőtúr-3. 5. 2899-2904 m

2 — Cydamminidae sp. xlOO
Mezőtúr-3. 7. 3072-3074 tn

3 — Valvulina lugeoni Septfontaine xlOO
Mezőtúr-3. 5. 2899-2904 m

4 — Pseudocydammina sp. xlOO
Mezőtúr-3. 7. 3072-3074 m

5 — Pfenderina ? sp. xlOO
Mezőtúr-3. 7. 3072-3074 m

Plate II

1 — Pseudocydammina lituus (Yokoyama) xlOO
Mezőtúr-3. 7. 3072-3074 m

2 — Rectocyclammina diouberti H ottinger xlOO
Mezőtúr-3. 7. 3072-3074 m

3 — Kurnubia palastiniensis H enson xlOO
Mezőtúr-3. 7. 3072-3074 m

4 — Pseudocydammina sp. xlOO
Mezőtúr-3. 7. 3072-3074 m

Plate III

1 — Kurnubia sp. xlOO
Mezőtúr-3. 7. 3072-3074 m

2 — Kurnubia sp. xlOO
Mezőtúr-3. 7. 3072-3074 m

3 — Cydamminidae sp. xlOO
Mezőtúr-3. 7. 3072-3074 m

4 — Kurnubia sp. xlOO
Mezőtúr-3. 7. 3072-3074 m

5 — Cydamminidae sp. xlOO
Mezőtúr-3. 7. 3072-3074 m



Plate IV

1 — Cyclamminidae sp. xlOO
Mezőtúr-3. 7. 3072—3074 m

2 — Cyclamminidae sp. xlOO
Mezőtúr-3. 7. 3072-3074 m

3 — Pfenderina sp. xlOO
Mezőtúr-3. 7. 3072—3074 m

4 — Nautiloculina oolithica M ohler xlOO
Mezőtúr-3. 7. 3072-3074 m

5 — Alveosepta ? sp. xlOO
Mezőtúr-3. 7. 3072—3074 m

6 — a) Pfenderina sp. xlOO
— b) Paalzowella sp. xlOO
— c) Nautiloculina sp. xlO 

Mezőtúr-3. 7. 3072—3074 m

P late  V

1 — Valvulina lugeoni Septfon ta ine  xlOO
Mezőtúr-3. 10. 3373-3375 m

2 — Valvulina lugeoni Septfon ta ine  xlOO
Mezőtúr-3. 10. 3373-3375 m

3 — Liluloidae sp.x 100
Mezőtúr-З. 11. 3398-3400 m

4 — Liluloidae sp. xlOO
Mezőtúr-3. 10. 3373-3375 m

5 — Hauerinidae sp. xlOO
— Mezőtúr-3. 10. 3373-3375 m

6 — Hauerinidae sp. xlOO
Mezőtúr-3. 12. 3398-3400 m

7 — Trocholina alpina (Leupold) xlOO
Mezőtúr-3. 10. 3373-3375 m

8 — Trocholina alpina (Leupold) xlOO
Mezőtúr-3. 10. 3373-3375 m

P late  VI

1 — Parurgonia caelinensis C uvillier et al. xlOO
— Mezőtúr-3. 10. 3373-3375 m

2 — Parurgonia caelinensis C uvillier et al. xlOO
Mezőtúr-3. 10. 3373—3375 m

3 — Salpingoporella sp. x60
Mezőtúr-3. 10. 3373-3375 m

4 — Clypeina jurassica Favre x50
— Mezőtúr-3. 10. 3373—3375 m



Plate VII

1 — Parurgonia caelinensis Cuvillier et al. x90
Mezőtúr-3. 10. 3373-3375 m

2 — Parurgonia caelinensis Cuvillier et al. x60
Mezőtúr-3. 10. 3373-3375 m

3 — Clypeina jurassica Favre x50
M ezőtúr-З. 11. 3398-3400 m

4 — Clypeina jurassica Favre x50
Mezőtúr-З. 11. 3398-3400 m

5 — Salpingoporella grudii (Radoifii) x50
Mezőtúr-3. 10. 3373-3375 m

6 — Salpingoporella sp. x50
Mezőtúr-3. 10. 3373-3375 m
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Pleistocene ventifact occurrences in Hungary
Áron Jámbor
Hungarian Geological Survey, Budapest

Since the end of the last century, more than hundred localities of ventifacts have been identified 
in Hungary. Based on the evaluation of geomorphological and geological data from 38 localities published 
earlier, and of those to be introduced in this paper, it has become clear that the Pleistocene ventifacts 
of Hungary were formed from Pleistocene fluviatile pebbles or from relict pebbles produced by the 
Pleistocene erosion of coarse detrital formations of older (mainly Oligocène and Miocene, occasionally 
Lower Triassic and Permian) ages. Their formation proceeded during the climatic sedimentation periods 
between loess formation and the fluviatile gravel and sand depositions, which accompanied the great 
erosional processes at the end of Pleistocene glacial phases. Though eolian activity also existed during 
the Holocene, it could not produce ventifacts due to the weakness of this activity.

The distribution of ventifact occurrences has been determined by the exposure to northw estern 
winds and by the localities of gravel formations. Thus, the overwhelming majority of these is found 
in five great regions of the western part of the country: in the "wind channel" of the Sopron surroundings, 
in the strip of NE-SW strike of the Kemeneshát and of the Transdanubian Mid-Mountains, in the right 
bank terraces of W-E strike of the Danube section between Győr and Lábatlan, and in the left bank 
Pleistocene terraces of the Danube in the Budapest area. Some occurrences (e.g. those of Kővágószöllős, 
Nógrád, Nagyvisnyó, Taliya) were formed along former, and recently also active, meteorological wind 
channels. Nevertheless, due to the protection against the northwestern winds no ventifacts were 
formed in the southwestern part of Transdanubia or in the southern foreland of the N orthern 
Mid-Mountains. In the subsidence areas of the Great Plain, Little Plain and of the Drava basin, no 
ventifact occurrences are found, since the processes of formation of the youngest Pleistocene and 
Holocene sediments covering the surface here did not allow their formation.

The author is greatly indebted to Márton Pécsi, member of the Hungarian Academy of Sciences 
who having thoroughly reviewed the manuscript highly promoted with his critical notes and useful 
advice the understanding of Pleistocene climatic phases and that of the formation of ventifacts, as well 
as the tinged formulation of age problems of the processes of formation. He also called my attention 
to some new occurrences without which both the references and the list of localities would have 
remained incomplete.

Key words: Hungary, ventifact, Pleistocene, Pleistocene climatic phases, eolian activity.

1. Introduction

According to the definition of Rónai (1985), the date of 2.4 MYBP seems to be 
the most suitable for drawing the lower boundary of the Quaternary in Hungary, 
since it correlates best with the geological events of the country, and thus with 
those of the Carpathian Basin. The Late Neogene geohistoric events occurred at 
that time. The subsidence of the Transdanubian Pannonian Basin, of apparently 
uniform structure, was interrupted; the Transdanubian Hills were uplifted from 
a basinal position, the inselbergs within the Carpathian Basin began to rise at that
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time (Mecsek and Villány Mountains, Transdanubian Mid-Mountains, Börzsöny, 
Cserhát, Mátra, Bükk and Tokaj Mountains, the Transylvanian Mid-Mountains, 
Fruska Gora, etc.); moreover, the mountains surrounding the Carpathian Basin 
also attained greater heights (Alps, Carpathians, Dinarides). In the subsiding 
Hungarian basin parts the first true gravelly strata occurred at that time above 
the fine-grained Upper Pannonian sequence, while in the uplifted areas, 
considerable erosion began.

Based primarily upon the investigations of Miháltz-Faragó (1975,1982), carried 
out on core samples of the Great Plain, it is known that a first drastic climate 
deterioration occurred at that time in the Neogene climate of the Carpathian Basin. 
The vegetation of the Biber (Pretiglian) indicates considerable cooling as compared 
to the end of the Pannonian.

Based on the studies carried out on the right bank of the N-S section of the 
Danube, between Budapest and the Serbian frontier, a part or the whole of the 
red clay sequence underlying the Pleistocene strata, but unconformably overlying 
the Pannonian s.l., must be assigned to the Pleistocene dated at 2.4 million years 
(Pécsi 1975; Halmai et al. 1982). According to Márton (1979), the Matuyama-Gauss 
paleomagnetic boundary falls in the middle of the red clay sequence in the 
Dunaföldvár profile. According to the measurements of Balogh et al. (1987) the 
K/Ar age of the Bár basalt (humillite) is around 2.0 million years, and the 
pyroclastics of this basalt are deposited within the red clay sequence. Nevertheless, 
Pécsi pointed out that this sequence is assigned to the Pliocene, from China to 
the Vienna Basin. It is not the object of this paper, of course, to solve this problem. 
Meanwhile, I consider the red clay to belong to the Pleistocene, all the more so 
because, during the Cenozoic, the sand strata consisting of eolian, well-worked 
grains which are characteristic in the Pleistocene throughout the Carpathian Basin, 
first occur in this sequence (Halmai et al. 1982), and the youngest great 
unconformity surface of Hungary's Cenozoic sequence developed between the 
Pannonian s.l. and the red clay series.

Consequently, the Quaternary, or Anthropogenic, from today to 2.4 million 
years ago (Pécsi et al. 1987), can be divided into two main phases. The Pleistocene 
lasted from 2.4 MYBP to 12 000 years ago, and the Holocene from the latter date 
to the present.

Ventifact (Dreikanter, cailloux éoliens) denotes a pebble or a piece of fragment 
on which the eolian sand grains ground bright plane surfaces and angles at their 
intersection. Its conditions of formation, i.e. mobile dry sand uncovered by 
vegetation, strong and frequent winds, developed in the cold and warm deserts. 
In this paper, the term ventifact will be used in the sense of the synonym "pebble 
worked by the wind" (or piece of fragment worked by the wind), since this is a 
somewhat wider notion and thus includes all the pebbles which underwent 
deflation effects. Three grades of this ventifact term seem to be distinguished as 
a function of the strength of wind effect:

1. Pebbles with flat and bright surface but without faces and edges.
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2. Pebbles with flat surface and with one or occasionally two faces and with 
one primary and one secondary edge.

3. Pebbles with flat, rarely of coarse surface, which is bright, with three or more 
faces and with three or more secondary edges and with one or more angles.

The practice and terminology in Hungary has not observed the pebbles 
belonging to the first category so far, in spite of the fact that these can be more 
easily recognized than the sand grains with only initial working, to the distinction 
of which Cailleux (1942) as well as Miháltz and Ungár (1954) used a fairly well 
applicable method.

The distinction between the primary and the secondary edges needs some 
explanation. The former ones are generated at the intersection of the faces 
(surfaces) ground onto the pebble by the wind-blown sand. In the case of 
Dreikanters in the narrow sense (and previously only these were taken into 
account), three faces generated by wind-blown sand, three edges at their junction 
and one apex can be observed. Nevertheless, the number of faces, edges and apices 
may be greater as well.

Though it is without genetic significance, the shape of the surfaces worked by 
the wind-blown sand is also worthy of mention since this depends on the pebble's 
strength. After studying many thousand surfaces, it can be stated that plane face 
surfaces are generated on pebbles consisting of homogeneous material (quartzite, 
fine-grained sandstone, felsitic volcanics, opal, chert, etc.).

On the ground surfaces of inhomogeneous pebbles, the harder parts protrude; 
the plane faces become "nodular" and coarse. Porphyrie volcanic pebbles exemplify 
this phenomenon, where the quartz inserts are protruding and the feldspars, being 
softer than the groundmass, deepen after grinding. The layered unevennesses 
occur as trench-like channels on the polished surfaces.

The coarse surfaces are generated as a result of the oscillating-whirling motion 
evolving normally at the boundary of two media of different density (the pebble 
and the sand-air mixture) which are moving in relation to each other. In our 
experience the most strongly worked surfaces of pebbles of inhomogeneous rocks 
show this phenomenon. The shape of pits relates fairly well to the wind direction.

It is characteristic of the ventifact localities that fractured quartz pebbles are 
relatively frequent there. My colleague Gy. Radócz called my attention to the fact 
that the surfaces of wind-worked pebbles were not primarily formed by the 
wind-blown sand but by other means, the splitting of the half of the quarter of 
the pebble. The pebble faces dissected by coarse unevennesses, but finely polished, 
can be unambiguously interpreted, and subsequent fracture surfaces which are 
surrounded by bulging, abraded surfaces were caused by aquatic transport. These 
additional surfaces prove that, in the course of development of ventifact localities, 
not only the wind-blown sand but the extreme climatic conditions also eroded 
the pebbles. In this case primarily the high pressure generated by the 
freezing-melting phenomena can be taken into account. Furthermore, in dry, very 
warm summer days, the pebbles uncovered by vegetation were considerably 
heated up and were completely dried. The sudden cooling produced by rapidly
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pouring cold precipitation (e.g. hail or late-summer snow), as well as water 
infiltrating into the microcracks, which froze during several hours under desert 
conditions, disintegrated even the hard and resistant metamorphic quartzite 
pebbles.

The multiple repetition of the intense drying-wetting soil formation processes 
generates the characteristic brown and yellow, rarely red coloring, impregnation, 
as well as the brown desert-crust of pebbles of the ventifact localities. The coloring 
of this type of ventifacts in Hungary is characteristic and almost common, but no 
pebbles coated by desert-crust were found so far.

In Hungary, as elsewhere in the world, the ventifacts occur not as single 
specimens; where one of them was found, further finds will also occur (Fig. 1). In 
most cases they are found together with former deflation surfaces (Fig. 2). In 
layer-forming mass, they are exposed only on the southeastern side of the nature 
conservation area of the Hungarian Geological Survey at Tata (Fig. 3).

In some localities single ventifacts are found redeposited in a pebble layer, 
obviously due to the renewing redepositing effect of rivers (Figs 4, 5).

2. Ventifact localities of Hungary published so far

The first publication in Hungary on ventifacts is linked to the name of Károly 
Papp (1899; Table 1). Naturalist amateurs were the discoverers of the pebbles found
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Fig. 2
Geological section of the sand pit at 
Diós-puszta, about 3 km WNW of Tata 
(Table 2, 49b). 1. Danube terrace; pale-grey, 
yellow-spotted, fine-grained, well-sorted 
sand with rare pebbles; 2. Riss-Würm relict 
pebble; the yellowish-brown sandy pebbles 
are of 1 -5  cm diameter and of eolian working, 
among which some ventifacts of quartzite 
material are found; 3. Würm, yellowish-grey 
slope loess. In the lower 20 cm, some 
sporadic, usually fractured quartzite pebbles 
of 1 -5  cm diameter and often with calcareous 
coating can be observed; 4. Holocene, pale- 
grey clayey sandy soil
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Fig. 1
Map of Pleistocene ventifact localities of Hungary (based on literature data, oral communications and self-made observations, and using 
the geological map of Hungary of 1500000 scale by Fülöp et al 1984). 1.depressions covered by Holocene formations; 2. surface extension 
of Pleistocene gravel and sandy gravel; 3. surface extension of Pleistocene loess, sand, red-clay and freshwater limestone; 4. surface 
extension of Tertiary gravelly formations; 5. surface extension of Tertiary sand, limestone, clay and volcanic formations; 6. surface extension 
of Paleozoic and Mesozoic formations; 7a-d. size of the greatest ventifact found at the given locality, a. between 1 and 5 cm, no data, 
b. between 5 and 10 cm, c. between 10 and 20 cm, d. between 20 and 50 cm; 8a-b. genetic type of ventifact locality, a. original position, 
b. redeposited into terraces; 9a-c. ventifact frequency, a. many ventifacts are found, b. a few ventifact are found, c. one ventifact is found; 
10 a-c. predominating grade of working of ventifacts, a. strongly worked, b. medium-worked, c. slightly worked. Among the ventifacts 
localities marked by underscored number are found in Table 1, those by only numbers in Table 2, those ny numbers in circles in Table 3.





Pleistocene venti/act occurrences 4 1 1

Fig. 3
Geological section of the ventifact locality In 
the pit of the lower quarry of Tata, Kálvária-Hill 
(Table 2, 49a). 1. Upper Pannonian, pale-grey, 
fine-grained, well-sorted muscovitlc sand, 
with many crumbling Dreissena auricularis 
half-shell remains; 2. Riss-Late Würm sandy 
layer consisting of ventifacts, brownish- 
yellow sand with upward increasing quantities 
of the sand proportion. The average pebble 
size is 5 cm at the bottom and 1.5 cm at the 
top. The sand material is fine-to-medium- 
grained with strong eolian working. Pebbles 
are of Jurassic and Upper Triassic limestone 
material. 3. Riss-Late Würm eolian sand, 
brownish-yellow, fine-to-medium-grained, 
well-sorted and worked; 4. Würm pale-yellow 
slope loess; 5. Holocene grey clayey sandy 
humic sand

Fig. 4
Geological section of the ventifact locality in 
a drainage ditch south of Kővágószlölős 
(Table 1, 13). 1. Upper Permian red, fine
grained, well-sorted lamellar stratified sand
stone; 2. Riss creek alluvium, pale, yellowish- 
brown, gravelly, medium-grained sand, with 
some felsitic ventifacts of unoriented position 
and quartz-porphyry material; 3. Würm yellow, 
homogeneous loess; 4. Würm creek alluvium; 
pale, yellowish-brown gravelly medium
grained sand; 5. Holocene, pale-grey sandy 
clayey soil
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Table 1
Data of published localities of Pleistocene ventifacts worked by the wind, in Hungary

1 2 3 4 5 6 7 8 9 10 11 12 13

1a Csömör 3 Lower Miocene 
gravel

? blow n-sand no 12 3 quartzite, quartz
porphyry,
m etasandstone

brown* M. Straub

1b Főt, Somlyóhegy 1 C arpath ian  gravel C arpath ian  
bryozoan  sandstone

Holocene soil Holocene soil no d a ta 2 quartzite brown* K. P ap p  1898 к - P aPP 1899

1c Iván 2 Pleistocene gravel ? P leistocene
gravel

no 6 3 quartzite brown* J. Novák

2 At the margins of 
V értes Mountains

3 Pleistocene 
dolomite detritus

? ? no no da ta 2 -3 Triassic dolomite white* H. Taeger 1909

3 Nógrád, Szélesm ező 3 Lower Miocene 
gravel

Lower M iocene 
gravel

? no 50 3 quartzite brown*,
yellow

Z. Schréter 1910, 
E. V adász, 1953

4a Bánhida railway 
station

2 P leistocene gravel ? Pleistocene 
gravelly sand

no no d a ta 3 no da ta brown*

4b Csákvár 2 P leistocene gravel ? ? no no d a ta 3 no da ta yellow*

4c B etw een Kisapáti 
and Gulács

1 Pannonian basalt ? ? ? ? 3 Pannonian b asalt ?

4d Betw een S áska and 
M onostorapáti

2 M iocene gravel ? ? ? ? 2-3 quartzite yellow*

L. Lóczy sen . 1913
4e South of Sümeg 1 ? ? ? ? ? 3 no da ta no da ta

41 Sümeg, Harasztoldal 2 Eocene gravel Lower Pannonian ? no 22 3 siliceous shale brown

4g Sümeg, Szőllőhegy 1 Eocene(?) gravel ? ? no 10 3 quartzite brown*

4h Tapolca, railway 
station

2 Lower Pannonian 
gravel

? ? no no da ta 3 quartzite brown*

4i Zalahaláp 1 B adenian gravel ? ? no 40 3 quartzite brown* L. Lóczy sen  1913
4j iN the b ed  of Lake 

Balaton Alsóörs
1 Pleistocene gravel U pper Pannonian ? Holocene

mud
? 3 no da ta no da ta

4k iN the b ed  of Lake
Balaton
Aszófő bay

1 Pleistocene gravel U pper Pannonian ? Holocene
mud

? 3 no da ta no data

41 In the bed  of Lake 
Balaton Kövesd

1 P leistocene gravel Upper Pannonian ? Holocene
mud

? 3 no da ta no data

5 Tapolca, Billege 
gravel-pit

1 ? ? ? ? 5(?) 3 no da ta no da ta J. Cholnoky 1918

6a B udapest, Soroksár 
road

1 Early P leistocene 
te rrace

Upper Pannonian Early
P leistocene
terrace

Holocene
Danube

sedim ent

no d a ta 3 limestone no da ta

6b W estern side of 
Fót-Somlyóhegy

2 Lower Miocene 
gravel

bryozoan sand eolian sand no smaller-
g rea te r

2 quartz- 
porphyry, 
nummulitic marl

no d a ta F. Schafarzik 
A. Vendl 1929

6c Nógrád, in front of 
Kálvária Hill

3 Lower Miocene 
gravel

Lower Miocene 
gravel

? no 10(?) 3 quartzite brown,*
yellow
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6d Pom áz, northern 
foothill of Oszoly

1 Hárshegy Sandstone Hárshegy Sandstone ? no 2.8 3 quartzite no data

7a Sopron, Harka 
terrace

2 U pper Pliocene to Lower P leistocene 
terrace

Upper
Pliocene,
Lower
P leistocene
(?)

(?)

no no d a ta 3* quartzite* brown*,
yellow

M. Vendl 1930

7b Fertôboz 2 P leistocene terrace P le istocene  terrace no no d a ta 3* quartzite* brown*,
yellow

8 Tapolca, Sarm atian 
lim estone p lateau

3 ? Sarm atian lim estone (?) no no d a ta 3 quartzite* brown*,
yellow J. Cholnoky 1932

9 Ódórőgd 2 B adenian gravel E ocene clay P leistocene
sand

Holocene soil 7 3 Triassic dolomite white S. Jaskó  1937

10 Nógrád, south  of 
the C astle  Hill

3 M iocene gravel ? ? no no d a ta 3 quartzite* brown*,
yellow

В. Mauritz 1939

11a Tata, Les-Hill 3 Mindéi terrace Mindéi terrace ? no 12 3 quartzite brown M. Pécsi 1959
11b Tata, Szabó-Hill 2 Mindéi terrace Mindéi terrace ? no 10 3 quartzite brown
12 B udapest, brickyard 

pit of Gubacsi road
1 Early Pleistocene 

terrace
Upper Pannonian Early

P leistocene
te rrace

Holocene
Danube

sedim ent

no d a ta 3 lim estone no d a ta F. Schafarzik, 
A. Vendl, F. 
P ap p  1964

13 Kóvágószöllós, 400 
m of the national 
road 6

2 Lower Triassic 
conglom erate

Permian san d sto n e P leistocene 
te rrace  No.3

Würm loess 11 3 quartz- porphyry, 
quartzite

yellowish-
grey

Á. Jámbor, Á. Jám bor 
B. Meszlényi, 1967 
K. Várszegi

14 Northern p art of 
K em eneshát

2 Early Pleistocene terrace  No.VI Holocene
sand

8-10 2 quartzite brown, 
rarely red

G. Bence,
A. Jám bor,
Z. Partérryi 1979

15a Csákvár 3 Ple istocene  alluvial 
fan

? ? no no d a ta 3 Triassic dolomite white

15b South of Dunaalmás 3 Early P leistocene 
te rrace  No.V

Early Pleistocene 
te rrace  No.V

? no no d a ta 3 quartzite brown*
M. Pécsi 1987

15c Nyergesujfalu 2 Pleistocene gravel ? ? no no d a ta 2 -3 quartzite no d a ta
15d Süttő 3 Pleistocene gravel Würm loess Würm loess Würm loess no d a ta 3 quartzite no d a ta
15e Szár 3 Würm alluvial fan ? Würm sandy

dolomite
detritus

Würm
dolomite
detritus

no da ta 3 Triassic dolomite white

16 Devecser 2 P leistocene gravel ? P leistocene
gravel

? ? 2 -3 no d a ta no d a ta E. Dudich jr.,
Qy. Höriszt 1964

Symbols: 1. Number; 2  Settlement or region; 3. Frequency of the ventifacts: 1. a few, 2  several, 3. frequent; 4. source rock; 5. underlying layer; 6. host 
rock and its age; 7. overlying layer; 8. greatest gravel diameter in cm; 9. grade of working (1-3): 1. gravels with polished surface with one ground face 
and edge, 2  gravels of polished surface with developed faces and edges, 3. gravels of developed and ground faces and edges are characteristic.; 10. pebble 
material; 11. pebble colour; 12. discoverer of the pebbles; 13. pebbles described by; * -  based on the facts obtained since the publication, data are corrected
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Fig. 5
Geological section of the ventifact locality 
from a drainage ditch 1 km south of Tárkány 
(Table 2, 51a). 1. Lower Pannonian Szák 
Clay-Marl Formation; 2. Middle Pleistocene 
creek alluvium; yellowish-brown gravelly 
sand with some ventifacts in unoriented 
position. The sand material is fine-grained 
and shows moderate eolian working. 
Ventifacts are of 0.5-3.0 cm diameter, their 
material is polymict; 3. Middle or Upper 
Pleistocene fine-grained yellow sand with 
moderate eolian working; 4. Holocene 
dark-grey, humic silty clayey soil

at Csömör and Iván (Sopron county), who handed over their finds to Károly Papp 
for publication. In the course of his investigations he found ventifacts at 
Fóti-Somlyó close to Csömör, so he was able to describe three Hungarian localities. 
Though he determined the pebbles to be of Levantinian age, he described them 
as being generated by strong winds during the Diluvium. He believed their 
formation contemporaneous with the loess formation but did not mention the 
direction of wind grinding the pebbles.

The towns Bazin and Modor are now in Slovakia, but I esteem worthy of 
mention the ventifacts found by Horusitzky (1909) on the surface of a Pleistocene 
alluvial fan of the rivulet running down from the Little Carpathians. These are 
very good evidence of the wind channel developed during the Pleistocene in the 
geomorphological gate between the Alps and Little Carpathians, the existence of 
which was proven by the ventifact finds, first of Kitti (1896) in the Leitha Hills 
(between Au and Loretto), then by Lóczy sen. (1913) in the bottom of Lake Fertő, 
by Vendl (1930) at Sopron and Fertőhöz and by Häusler (1939) in the Ruszt (Rust) 
and Meggyes (Mörbisch) surroundings.

In his attempt to subdivide the Pleistocene, Horusitzky (1910) mentioned among 
the "more frequent" rocks the ventifacts in all the three Upper Pleistocene 
interglacial horizons.
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The relatively high frequency of ventifacts is mentioned by Taeger (1909) in the 
monograph on the Vértes Mountains, i.e. "In the margins of the Vértes Mountains, 
the wind-blown pebbles are widespread on the clastic fields". Nevertheless, the 
exact localities are not mentioned.

The most beautiful and richest ventifact locality, Szélesmező in Nógrád county, 
was described by Schréter (1910), where "Lower Mediterranean" quartzite pebbles 
were turned into ventifacts, according to him contemporaneously with the main 
loess formation phase (in the Würm) and where at that time "a desert-like" field 
existed.

Vadász (1953) also dealt with the Szélesmező locality. He made three additional 
statements:

a) the size of the greatest ventifact is as great as 0.5 m;
b) this is not a single find but is a "ventifact area";
c) on geomorphological grounds, their formation can be attributed to the 

Pleistocene winds of NW-SE direction.
Previously, the greatest amount of ventifact finds were described by Lóczy sen. 

(1913) in the geological part of the Balaton Monograph. In the Balaton Highland, 
he found ventifacts of basalt material between Kisapáti and Gulács. At 
Sáska-Monostorapáti, at Haraszt (close to the town of Sümeg), south of Sümeg as 
well as at Zalahaláp and in the environs of the Tapolca railway station, ventifacts 
of quartzite material were found in large amounts. In the wells drilled in the bed 
of Lake Balaton he found them at Alsóörs below the Holocene-Pleistocene mud, 
in Aszófő bay and at Kövesd. He also mentioned the ventifacts from the dolomite 
alluvial fan near Csákvár, from the surroundings of the Bánhida railway station 
and from the bottom of Lake Fertő. On the basis of these localities, he 
unambiguously stated that desert deflation occurred here, which was responsible 
for the formation of the basalt-capped monadnocks and for the position of basalt 
in various altitudes above sea level. Nevertheless, he could not define the age of 
ventifacts and of the deflation. In one part of this description, he put the great 
deflation activity into the Pontian, i.e. prior to the basalt formation, in the other 
part into the Levantinian (= Upper Pliocene) or into the Pleistocene.

Cholnoky (1910, 1932), who described ventifacts from the gravel-pit of Billege 
at Tapolca (1918) and from the Sarmatian limestone plateau north of Tapolca, was 
of the same opinion, i.e. "deflation is of Pliocene age but continued also during 
the Pleistocene", "deflation is Levantinian or maybe of Pleistocene age".

Schafarzik and Vendl reported new finds in the volume "Geological excursions 
in the Budapest environs" (1929). Ventifacts were found, in the Danube gravel, of 
"Early Pleistocene age" in the overlying strata of Pannonian clay sequences in the 
clay-pit of the Soroksár-road brickyard, and at the foothills of the Oszoly Hill at 
Pomáz. New data were also reported from the Szélesmező and Fóti-Somlyó Hill 
occurrences. In relation with the formation of ventifacts, the authors emphasized 
that "These ventifacts of the desert were most probably formed during the dry 
desert climate contemporaneous with the Late Pleistocene loess formations". Thus,
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Fig. 6
Geological section of the ventifact 
occurrence found in borehole Csákvár 
Csv-29 (Table 2, 9b). 1. Upper Pannonian 
yellow-grey variegated clay; 2. Upper 
Pannonian grey, yellow-spotty fine-grained 
sand; 3, 4. Riss-Würm yellow, grey
variegated, dolomitic-gravelly clay with 
some unoriented ventifacts; 5. Würm- 
yellow, grey variegated infusion loess;
6. Würm light yellowish-grey clayey slope 
loess; 7. Holocene, grey pedified humic clay

they rejected the interpretation of Lóczy sen. i.e. deflation of regional dimensions 
of the Tapolca Basin.

Jaskó (1937) found ventifacts at Ódörögd in the Southern Bakony Mountains. 
This was the first occasion when ventifacts were found not on the surface but 
those of Triassic dolomite material were found at the base of Pleistocene 
blown-sand layer of an exploratory pit.

Mauritz (1939), in the volume "The World of Nature", described a new locality 
of ventifacts from the plain south of the Nógrád Castle Hill, and emphasized their 
post-glacial formation "when the climate of Hungary was rather windy".

Pécsi (1959) discovered ventifacts at Szabó Hill west of Tata, and on the surface 
of the terrace of a Lower Pleistocene old alluvial fan of the Danube at Látó Hill 
between Tóváros and Dunaalmás. This latter one is a significant find because it
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Fig. 7
Part of the geological section of the Ajka 
brickyard (Table 2, 1). 1. Upper Pannonian 
pale-grey, fine-grained well-sorted sand; 2. 
Lower Pleistocene red-clayey, strongly 
cryoturbated gravel of red hematitic 
imbibition, consisting of medium-worked 
quartz pebble grains of 1 -5  cm diameter. This 
also fills the ice wedges penetrating into the 
underlying stratum. 3. Würm yellow 
homogeneous loess; 4. Holocene pale-grey 
sandy clayey soil

marks the lower boundary of the eolian activity, since, considering the conditions, 
it is obvious that strong eolian activity existed along the Danube in the Donau 
glacial or even later.

The southernmost ventifact locality of Hungary was described from an artificial 
ditch in the Western Mecsek Mountains, south of Kővágószöllős (Jámbor 1967). 
This proved to be the first Hungarian locality where ventifacts are found 
redeposited from their site of formation to a Pleistocene fluviatile terrace. This 
terrace is covered by Würm loess strata (Fig. 4). In the drawing of the temporal 
upper boundary of the Pleistocene deflation activity, this section is of primordial 
significance, since it cannot be younger than Riss.

The systematic geomorphological processing of great areas is proven by Pécsi 
(Ed. 1975), published in the monograph "The Little Plain and the marginal 
landscape of West-Hungary", i.e. "Among the Pleistocene alluvial fan pebbles a lot 
of ventifacts are found".

In the course of oil shale exploration in the Kemeneshát (Bence, Jámbor and 
Partényi 1979), ventifacts were found on the surface of terrace No. VI. Their age, 
however, could not be defined more exactly than Pleistocene.

In the course of the geomorphological mapping of the marginal areas of the 
Gerecse Mountains and of the Vértes Mountains, Pécsi (1987) and his co-workers 
mentioned new ventifact localities at Süttő, Nyergesjüfalu, Csákvár and the Szár 
area, in addition to the formerly published ventifact finds at Tata. The observation 
of cardinal significance from the aspect of defining the age of ventifacts made by 
Pécsi was that "these ventifacts could be formed between about 20 000 and 16 000
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years on the basis of their burial in the youngest loess. This period was the driest 
and coldest phase of the last glacial".

At the intersection of the second pebble layer from the bottom in the Danube 
terrace V, south of Dunaalmás and of the slope, "there are a lot of ventifacts", he 
described. Consequently, this ventifact locality represents Lower Pleistocene or 
younger age. In the same volume, Pécsi unambiguously emphasized the existence 
of Upper Pliocene deflation activity "just back to the formation of the cross-bedded 
sand" (Unio wetzleri horizon; p. 175). Nevertheless, in this volume he considered 
the date of the Pliocene-Pleistocene boundary as 1.8 MYBP Elsewhere, he 
probabilized the strong deflation activity in the glacial periods, in general (p. 183).

4 1 8  Á. Jámbor

New ventifact localities in Hungary

Having made the Kővágószöllős find, and having studied the work of Cailleux, 
published in 1942, which has been of extraordinary significance, I paid special 
attention in collecting the data on ventifacts. This work proved to be not without 
results. During the past 24 years, 51 localities by myself, and 72 by my colleagues, 
and their fundamental data, mainly in the area of Transdanubian villages, were 
recorded (Table 2).

As a result of my keen interest, up to Christmas of 19901 had asked 41 colleagues 
to permit the publication of their "hidden ventifact finds". Of course, only those 
colleagues were contacted who worked a lot, and with open eyes, in the field. I 
obtained remarkable ventifact finds from 14 experts from 20 localities (Table 3).

I would like to take the opportunity to express here my thanks to Prof. Kálmán 
Balogh (concerning the Bükk Mountains and the Borsod Basin), to László Kuti 
(in relation with the Danube-Tisza Interfluve), to László Pentelényi (concerning 
the Tokaj Hills and its geological literature), as well as to Gyula Radócz (in relation 
with the Borsod Basin) who assured me that, in the regions cited in parentheses, 
no ventifact occurrences are found.

The number of ventifact localities in Hungary will certainly increase in the 
future, but their distribution will not change considerably. The majority of these 
localities lies in the region northwest of the Balaton strike (Fig. 1). Reviewing this 
figure, the data of Tables 1, 2 and 3 as well as the great number of Quaternary 
stratigraphic columns I have processed in the past 35 years, I have tried to answer 
the following questions:

A) What was the direction of the winds that generated the ventifacts in 
Hungary?

B) What is the age of the Hungarian ventifacts?
C) What kinds of paleogeographical conditions prevailed when the ventifacts 

were formed?

A cta  Geologica Hungáriái
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Direction of the wind generating the ventifacts in Hungary

The greatest amount of ventifacts are found at Szélesmező close to Nógrád, at 
Csornád on the left bank of the Danube, in the Sümeg-Tapolca area, in the 
surroundings of Pius-puszta of Sopronkőhida and in the western corner of the 
frontier with Austria. Ventifacts occur in the four localities, and as a rule the 
greatest ones are found here. Their occurrence can be considered to be frequent 
in the terraces of the right bank of the Danube between Győr and Visegrád, at 
the Kemeneshát as well as in the Transdanubian Mid-Mountains and in its broader 
surroundings.

On the other hand, their almost total absence in the Cserhát, Bükk and Tokaj 
Mountains, in the Nógrád and Borsod basins as well as in the Cserehát can be 
explained solely by the facing conditions during formation, since gravelly 
sediments are also frequent in the regions mentioned above. Taking the map 
demonstrating the ventifact occurrences in Hungary, it appears that they were 
generated practically everywhere during the Pleistocene where suitable gravelly 
sediments were on the surface and the facing against the northwestern winds was 
suitably marked.

In the case of the ventifact occurrences of Kővágószöllős (Hetvehely-Pellérd) 
and of Tállya (Abaújszántó-Tokaj), the formation in a wind channel smaller than 
above can be concluded on the basis of geomorphological and recent 
meteorological conditions. The strike of these, of course, is also NW-SE.

Based on the principle of actualism, I refer here to the recent well-known spring 
and autumn front advances from the polar regions, as a result of which, also 
recently, wind channels, and in them considerable deflation phenomena, occur 
there. The wind channels developed in the same areas in the Pleistocene caused 
similar deflation, but due to the stronger winds and to the vegetationless surface 
during the glacials, their effects highly exceeded the recent ones.

It is not known exactly so far which ventifacts were formed in what part or 
parts of the Pleistocene, but it is certain that their formation can be attributed 
primarily to the spring storms ("March winds"), though the autumn winds could 
also have played a role in their formation.

To estimate the wind velocities during the Pleistocene in Hungary, I refer to 
data measured in Iceland and published by Cailleux (1942). The winds generating 
the deflation and ventifact areas there are of an average velocity of 120 km/hour. 
Thus, it is not astonishing that he observed there ventifacts of 1.5 m diameter and 
dunes of 1 m height, consisting of ventifacts of 4-5 cm diameter, because the 
velocity of the strongest winds could be as great as 300 km/hour.

In the areas outside the strike of the wind channels (SW-Transdanubia, the 
foreground of the Northern Mid-Mountains), in the regions sheltered from the 
wind in the Eastern Alps, in the Northern Mid-Mountains and in the Vepor 
Mountains, practically no ventifacts were formed. The ventifact-free surfaces of 
the recent great depressions (Győr Basin, Drave Basin, Great Plain) can be 
explained by the lack of gravelly strata and by the climatic and sedimentation
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Data of unpublished localities of wind-worked Pleistocene ventifacts of Hungary (collected by the author)
Table 2

1 2 3 4 5 6 7 8 9 10 11 12

1 Northern part of Ajka, 
brickyard pit

2 Pleistocene
terrace

Upper
Pannonian

Ple istocene  relict 
gravel

Würm loess 7 2 quartzite brown Á. Jám bor 1968

2 5 km so u th east of Acs, 
road cut of highway M1

2 Pleistocene 
terrace No. 2

Pleistocene
terrace

P le istocene  relict 
gravel

Würm loess 12 2 quartzite,
lim estone,
quartz-
porphyry

brown A. Jám bor 1990

3 Southw est of Bakonybél, 
sand-pit

2 O ligocène Eocene
limestone

Ple istocene  eolian 
sand

no 3 1.2 quartzite brownish-
yellow

Á. Jám bor,
L. Korpás 1968

4 Borehole B alatonederics 
I, b e tw een  1.0 and 2.0 m

2 Pleistocene 
relict gravel

Upper
Pannonian

Ple istocene  clayey 
gravel

Holocene peaty  
clay

7 3 Triassic 
dolomite and 
m etasand- stone

grey Ä. Jám bor 1969

5 1.5 km north of Bana 2 Pleistocene 
D anube gravel

Upper
Pannonian

Ple istocene  relict 
gravel

Pedified loess 15 2 quartzite yellow Á. Jám bor 1990

6 Hill-crest w est of Berhida 2 Pleistocene
Séd-te rrace

Upper
Pannonian

Ple istocene  relict 
gravel

no 5 2 quartzite brown Á. Jám bor 1988

7a B udapest, Hotel 
Népstadion

2 Pleistocene 
D anube terrace

Sarmatian P le istocene  relict 
gravel

Holocene soil 5 2 quartzite yellow L. Kovács 1985

7b B udapest, Ikarus Works 2 D anube te rrace Carpathian Ple istocene  relict 
gravel

no 12 2 quartzite yellowish-
brown

Á. Jám bor,
Gy. Csirik 1990

7c B udapest, in front of 
Ikarus Works

3 D anube te rrace Carpathian Ple istocene  relict 
gravel

Holocene soil 15 2 quartzite brown and 
red

Á. Jám bor,
Gy. Csirik 1990

8 Borehole C sabrendek 
Cn-598, be tw een  0.0 
and 3.0 m

1 O ligocène Upper
C retaceous
limestone

Ple istocene  gravelly 
sand

no 4 1 quartzite yellow Á. Jám bor 1968

9a Borehole Csákvár 
Csv-23, b e tw een  6 and

2 dolomite,
detritus

Upper
Pannonian

Ple istocene  gravelly 
clay

Würm loess 3 3 Triassic dolomite pale-yellow Á. Jám bor,
G. B ence 1967

9b Borehole Csákvár 
Csv-29, b e tw een  10.0 
and 10.4 m

2 dolomite detritus Upper
Pannonian

Ple istocene  gravelly 
clay

Würm loess 2.5 3 Triassic dolomite pale-yellow Á. Jám bor,
G. B ence 1967

10 Southeastern  margin of 
C sászár

2 Upper
Pannonian

Lower
Pannonian

Q uaternary
blow n-sand

no 4 1 Congeria c rests yellowish-
white

Á. Jám bor,
L. Gyalog 1973

11 Gravel-pit, 1 km 
northeast of Csikvánd

2 O ligocène Upper
Pannonian

Early Pleistocene 
terrace

P leistocene 
sandy  loess

8 2 quartzite, chert brown Á. Jám bor,
Gy. Csirik 1990

12 1 km southw est of 
Csornád

3 Lower Miocene Pleistocene
blow n-sand

no 30 3 quartzite,
quartz-

brownish- 
yellow, brown

Á. Jám bor 1967

porphyry, 
silicified trunk

4
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13 Csurgó, Mór-trench 1 G alya-terrace M iocene G alya-terrace,
Pleistocene

14 R oad-cut northeast of 3 Lower M iocene P leistocene sandy
the lake, Diósjenő clay

15a E gyházaskesző , 3 Early Upper bentonite
bentonite-p it P leistocene Pannonian

terrace bentonite
15b Ditch along the road 1 b asalt tuff Upper P leistocene detritus

leading from 
E gyházaskesző

detritus Pannonian

16 Along the  railway, NNW 1 Danube Upper Loess b ase
of Ercsi terracef?) Pannonian

17 1300 m southwest of 3 Ikva terrace Upper P leistocene relict
Fertószentm iklós Pannonian gravel

18 Fót, the  valley NE of the 2 Lower M iocene Pleistocene
Kőhegy blown-sand

19 Ganna, a c ac ia  grove NE 2 O ligocène Pleistocene
of the village blown-sand

20a G érce, alginite-pit 1 Pleistocene Upper P leistocene R ába
R ába terrace Pannonian terrace

20b G érce, Pannonian 2 R ába te rrace Upper Relict gravel,
sand-pit Pannonian Pleistocene

21a Borehole G yepűkaján 1 Oligocène E ocene P leistocene gravelly
Gyk-3, b e tw een  0.5 and 
1.0 m

sand

21b 2 km SSE of G yepükaján 2 Oligocène Eocene Pleistocene
blown-sand

22 In the road  ditch w est 2 Badenian Upper Pleistocene
of Hegyesd Pannonian blown-sand

23 NNW of Iszkaszentgyörgy 1 Galya terrace Upper P leistocene relict
Pannonian gravel

24a 3 km sou th  of Kisigmánd 2 Danube terrace Upper Blown-sand with
Pannonian relict gravel at the 

bottom
24b Gravel-pit, 19 km w est 2 D anube terrace P leistocene relict

of Kisigmánd gravel

24c Hill-crest, north of 1 D anube terrace P leistocene relict
Kisigmánd gravel

25 1.3 km e a s t  of the 1 Általér terrace O ligocène P leistocene relict
church of Komlód gravel

26 Kôrnye, 300 m w e s t of Általér terrace P leistocene relict
Erdőtagyos puszta gravel

27a 500 m NE of Kúp 1 O ligocène P leistocene Bitva
terrace  II

27b 500 m SE of Kúp 1 O ligocène Pleistocene blown
sand

28 From borehole, a t the 2 rock detritus Upper Relict gravel
Southw estern end  of 
Lábatlan

Pannonian

no 7 2 m etasand- stone brown A. Jám bor 1980

no 10 3 quartzite brownish-
yellow

Л. Jám bor 1964

Pleistocene
bentonite

5 2 quartzite brown and grey A. Jám bor 1990

Holocene soil 5 2 basalt lapilli grey A. Jám bor 1976

Würm loess 5 2 quartzite yellowish-
brown

Á. Jám bor 1972

Würm sandy, 
loessic clay

6 3 quartzite yellow, brown 
(red)

A. Jám bor 1990

no 20 2 quartzite brownish-
yellow

A. Jám bor 1967

no 5 2 quartzite brown A Jám bor 1968

Würm loess 7 2 quartzite brown, yellow, 
red

A. Jám bor 1987

no 7 2 quartzite yellow A. Jám bor 1987

Holocene soil 7 1.2 quartzite yellow A. Jám bor 1968

no 20 2 quartzite brownish-
yellow

A. Jám bor 1969

no 10 2 quartzite yellow A. Jám bor,
Zs. Peregi 1973

no 15 3 Triassic
dolomite

white B. Bernhardt 
1980

Quaternary
blown-sand

10 2 quartzite brownish-
yellow

A. Jám bor,
B. Bernhardt 1971

no 10 3 quartzite yellow A. Jám bor 1976

no 7 3 quartzite yellow A. Jám bor 1976

no 5 2 quartzite yellow A. Jám bor 1976

no 7 7 quartzite yellow A. Jám bor 1976

no 7 2 quartzite,
limestone

yellow A. Jám bor,
D. Bihari 1968

no 20 3 quartzite yellow A. Jám bor,
D. Bihari 1968

Pleistocene
blown-sand

10 2 P leistocene
freshwater
limestone

A. Jám bor, 
Gy. Scheuer 
1988

P
leistocene venlifact occurrences 
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Table 2 (continued)

1 2 3 4 5 6

29 Lövő, so u th easte rn  end 
of the  village, pit

2 Ikva terrace 
gravel

Upper
Pannonian

Early Pleistocene 
terrace

30a M agyargencs, ditch 
b es id es  the  old cem etery

2 R ába terrace Upper
Pannonian

R ába terrace

30b Borehole M agyargencs 
Mgt-7, b e tw een  0.0 and 
2.5 m

3 R ába terrace Early
P leistocene
clay

R ába te rrace  No.6

30c W est of M agyargencs 1 R ába terrace  
No.6

Upper
Pannonian

R áb a  te rrace  relict 
(No.6)

31 Ploughland b e tw een  
M artonvásár and the 
Danube

1 ? Würm loess no

32 Eastern side of the 
Szentlászló  valley e a st 
of Many

1 Szentlászló- 
c reek  terrace

Miocene no

33a Kálvária 2 km SW of 
M ocsa

2 Danube terrace  
No. 3

Upper
Pannonian

no

33b 2 km w est of the 
Kálvária of M ocsa

2 Danube terrace  
No. 3

Upper
Pnnonian

Q uaternary
blow n-sand

34 Along the road 1 km 
south  of Nagypáli

1 Rába(?) te rrace Upper
Pannonian

Early P leistocene 
terrace

35 S outheastern  end  of 
Nagytevel

2 Oligocène ? Pleistocene
blow n-sand

36 Southeast of Noszlop 3 O ligocène Pleistocene relict 
gravel

37 Nógrád, southern s ide  of 
Török-Hill

3 Lower Miocene ?

38a Nyirád 1.2 km w est of 
D eákipuszta

2 Oligocène bauxite P leistocene eolian 
sand

38b Borehole of Nyirád 
Nd-1944

2 Badenian gravel Badenian
lim estone

Pleistocene clayey 
sand

38c 200 m SE of Nyirád, in a 
ditch

3 Oligocène Badenian no

38d SW of Nyirád, from the 
Borhordó road

2 Badenian Badenian? Pleistocene relict 
gravel

39 Órim agyarósd, the 
S zőce road junction

3 R ába terrace Upper
Pannonian

R ába terrace

40 B etw een R étság  and 
Diósjenó

2 Miocene 
gravely sand

? P leistocene 
blown-sand

7 8 9 10 11 12

Early
Pleistocene red 
clay

10 1 quartzite brown and  red A. Jám bor 1990

Holocene soil 7 2 quartzite yellow, brown 
and red

A. Jám bor 1990

no 3 2 quartzite yellow, brown 
and red

A. Jám bor 1990

no 5 3 quartzite yellow, brown 
and  red

A. Jám bor 
1976a

no 5 2 quartzite brown A. Jám bor 1976

no 7 2 quartzite brown A. Jám bor 1978

no 10 2 quartzite yellow A. Jám bor,
B. Bernhardt 1971

Quaternary
blow n-sand

10 1 quartzite yellow A. Jám bor,
B. Bernhardt 1971

no 5 1 quartzite yellow and  red A. Jám bor,
F. Franyó, J. 
Tanács 1990

no 15 1 quartzite yellow A. Jámbor,
D. Bihari 1968

no 15 3 quartzite,
limestone

brown, yellow A. Jámbor,
D. Bihari 1976

no 45 3 quartzite yellow A. Jám bor 1964

no 7 2 quartzite yellow A. Jám bor 1968

Pleistocene
blow n-sand

17 2 quartzite yellow A. Jám bor 1968

no 9 2-3 quartzite, chert, 
lidite

brown and red A. Jám bor 1974

no 5 2 quartzite yellow A. Jám bor 1976

no 20 2 quartzite brown and red J. Tanács,
F. Franyó,
A. JÁmbor 1990

no 20 1 quartzite, 
sandstone- 
quartzite, lidite

yellowish-
brown

A. Jám bor 1964
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41a Sopron, below the 
H arka-peak

3 Ikva terrace Badenian
schlier

no no 15 3 quartzite yellowish-
brown

A. Jám bor, J . 
Boldizsár 1972

41b Sopron, brickyard of 
Ball road

3 Ikva terrace Upper
Pannonian

P leistocene relict 
gravel

no 10 2-3 quartzite yellow and 
brown

A. Jám bor 1985

42 Sopronkőhida, north of 
P ius-puszta

3 Ikva terrace Sarm atian 
sand , gravel

Pleistocene relict 
gravel

no 15 3 quartzite yellow and 
brown

A. Jám bor 1985

43a Sümeg, Mogyorós Hill 2 O ligocène M esozoic no no 20 2 quartzite brown A. Jám bor 1968
43b Sümeg, Bárdiótag 

bauxite  mining
2 O ligocène Badenian sandy gravel, Early 

P leistocene
Holocene sandy 
soil

12 3 quartzite brown A. Jám bor 1977

44 north of Szend, 1.3 km, 
on  the  hill-crest

2 O ligocène Upper
Pannonian

P leistocene 
blow n-sand (bottom)

P leistocene 
blow n-sand

5 1 quartzite, lidite, 
Congeria c re s ts

yellow A. Jám bor 1971

45 southern end  of 
Szentim refalva

1 O ligocène Upper
Pannonian

P leistocene
blown-sand

no 5 2 quartzite, lidite, 
chert

brownish-yellow A. Jám bor,
P. Jakus 1969

46 Southw estern  end  of 
Szom bathely, pit

2 te rrace  gravel Upper
Pannonian

Pleistocene terrace Holocene soil 4 1 quartzite brown A. Jám bor 1987

47a Barrack w est of Tapolca 1 Pleistocene
detritus

Upper
Pannonian

P leistocene terrace Pleistocene 
clayey aleurite

20 2 Triassic dolo
mite, Leitha 
limestone, 
quartzite

yellow A. Jám bor 1987

47b B etw een the road 
junctions of Vas- 
hosszúfalu and  Duka, 
along the road No.8

2 Early
P leistocene
terrace

Upper
Pannonian

Early P leistocene 
terrace

no 7 2 metamorphic
gravel

brown and 
yellow

A. Jám bor 1990

48 Tapolcafó, be tw een  
Hidegforrás and  Attya 
Major

1 O ligocène Upper
C retaceous

Pleistocene
blown-sand

no 5 1 quartzite, lidite brown Á. Jám bor 1968

49a Tata, so u th easte rn  part 
of the Kálvária-Hill

3 Liassic
lim estone
detritus

Upper
Pannonian

P leistocene
blow n-sand

Würm loess 3 3 Liassic and
Dachstein
limestone

yellowish-
brown

A. Jám bor 1985

49b Tata, 200 m w est of 
Szabó-Hill

2 D anube te rrace  No.2 Pleistocene relict 
gravel

Würm loess? 10 1-2 quartzite yellow Á. Jám bor 1990

49c Tata, Szabó-Hill 32 D anube te rrace  No.3 Pleistocene relict 
gravel

no 8 1 quartzite yellowish-
brown

A. Jám bor 1990

49d Tata, Leshegy 2 D anube terrace  
No.3

Upper
Pannonian

Pleistocene relict 
gravel

freshw ater
lim estone

15 1 quartzite brown A. Jám bor 1990

50 North of Taliya, besid e  
the bentonite  o p en  c a st 
mining

1 Pleistocene
detritus

Lower
Pannonian
quartzite

Pleistocene detrital 
relict

no 3 2 carneol yellow (original) A. Jám bor 1985

51a 1 km south  of Tárkány 1 O ligocène Upper
Pannonian

Pleistocene terrace 
of Concó

Quaternary 
eolian sand

7 2 quartzite, lidite yellow A. Jám bor 1972

51b 2.5 km e a s t  of Tárkány 1 O ligocène Upper
Pannonian

Pleistocene terrace 
of Concó

Quaternary 
eolian sand

5 1 yellow A. Jám bor 1972

Symbols: 1. number; Z settlement or region; 3. frequency of ventifacts; 4. source rock; 5. underlying layer; 6. host rock; and its age; 7. overlying layer; 
8. greatest ventifact diameter in cm; 9. grade of working; 10. material of ventifacts; 11. colour of ventifacts; 1Z discoverer of the ventifacts
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Table 3
Data of unpublished localities of wind-worked Pleistocene ventifacts of Hungary (with the aid of the colleagues)

Discoverer of the ventifact locality C haracteristics of the ventifact occurrence Settlem ent

Jen ő  Ivancsics North of Balf on the flat hill-crest the  strongly w ind-polished p ieces  of Upper Pannonian relict gravels are  found. They 
a re  of brown colour, the g rea te s t diam eter is 15 cm

1 Balf

László Korpás Along the road leading from the Borsodberény railway sta tion  to the Drégely C astle  som e p ieces  of the Lower Miocene 
relict gravels turned into ventifacts

2 B orsosberény

Lajos Szebényi He o b se rv ed  9-10 cm large Dachstein lim estone ventifacts in the sand-pit of Dorog 3 Dorog

Gyula Gábris South of D unaalm ás on the su rface  of the  D anube terrace  No.2 a  part of the gravels turned into ventifacts 4 Dunaalmás

László Korpás Northwest of Etyek som e p ieces  of the P leistocene gravels turned into ventifacts 5 Etyek

Dániel Bihari North of Felsőpáhok, on the hill-crest a  part of the P leistocene terrace gravels turned into ventifacts. Their diam eter 
varies b e tw een  5 and  10 cm

6 Felsőpáhok

László Korpás Along the secondary  road be tw een  Fenyőfő and Bakonyszücs som e p iec e s  of the  O ligocène relict gravels turned into 
ventifacts

7 Fenyőfő

György Majoros Close to K ádárta am ong the P leistocene relict gravels those  ground to sharp  a lso  occur 8 K ádárta

Frigyes Franyó In the so u th easte rn  end of the village a  g rea t gravel-pit discovered  the R ába terrace  No.1. A part of the gravels of 5 to 
10 cm in the subsoil turned into ventifacts

9 K ém estaródfa

Imre S zabó In the northern side of the railway station , above  the Mihalovics quarry, a t the bottom  of half-meter thick alluvium 
above  the U pper Permian lim estone the  lim estone p ieces  w ere formed to ventifacts by the wind

10 Nagyvisnyó

László Korpás At Szélesm ező, Nógrád very much beautiful ventifacts  a re  found. These a re  p ieces  of Lower Miocene relict gravels 11 Nógrád

Béla Jantsky , Lajos Kovács II At Pátka, on granite surface m agnetite ventifacts of 5-11 cm diam eter and of c o a rse  surface a re  found 12 Pátka

Ján o s  O ravecz At Pilistető, c lo se  to the ‘D eath of Simon’ D achstein lim estone p ieces  that turned into ventifact a re  found 13 Pilistető

Ján o s Oravecz At Romhány som e p ieces  of the  M iocene relict gravels w ere polished by the wind to ventifacts 14 Romhány

György Majoros He observ ed  the specim ens of gravels w eath ered  from Permian conglom erate to b e  polished a s  ventifacts 15 Salföld

G éza Bence In the environs of the intersection of the  Tapolca-SCimeg road and of the Viszló creek  a  part of the B adenian relict 
gravels turned into ventifacts during the  P leistocene deflation

16 Tapolca

Ildikó Kaszai-Selm eczi NNW of V asztély, 2.7 km of the  village, 200 m of the ő rh eg y  triangle point the major p art of the 5-9 cm  large 
O ligocène relict gravels turned into ventifacts

17 Vasztély

László Korpás About 1800 m from the village, on the hill-crest som e p ieces  of the  O ligocène relict gravels turned into ventifacts 18 Városlőd

István Venkovics At the southw estern  foothill of the  Haláp Hill som e p ieces  of the  Miocene relict gravels turned into ventifacts 19 Z alahaláp

László Korpás B esides the  road leading to Bakonybél, a t Akiipuszta som e p ieces  of the O ligocène relict gravels turned into ventifacts 20 Zirc

424 
Á. Jámbor
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Cold •*--------------*■ Warm

Fig. 8
Relationship between the cycles of Pleistocene sequences of the Great Plain and the relative 
average temperature of the climate (after publications of Miháltz-Faragó 1 982 and Franyó 
1981)
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Fig. 9
Roundness of Hungarian wind-blown sands (after Borsy 1974). 1. blown-sand; 2. alluvial fan material; 3. fluviatile sand. (The column 
heights denote the number of sand grains rolled down the Krygowski apparatus up to 10°.)
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conditions of the Holocene and Late Pleistocene, which were unsuitable to form 
ventifacts, because the major parts of these regions lie in the strike of the wind 
channels. Actually, in the Danube-Tisza Interfluve, deflation activity from the 
Danube valley to the southeast recently also prevails.

The prevailing directions of winds in the Quaternary can be inferred not only 
from the spatial distribution of ventifacts but also from the roundness of 
superficial wind-blown sands. Comprehensive investigations in this field in our 
country were made by Borsy (1974). On the basis of his map (Fig. 9) there can 
also be clearly seen the former intensive eolian activity in the SE foreland of the 
SW and NW parts of the Transdanubian Mid-Mountains and the slight eolian 
exposition of the SE foreland of the Northern Mid-Mountains.

Formation of ventifacts of Hungary

Based upon the above arguments, and accepting the view of Rónai (1985), in 
this paper the duration of Pleistocene is set between 2.4 million and 12 000 years 
before present. It has long been accepted that, in Europe, the climate several times 
underwent considerable change during this period. More and more data prove 
the proper original formulation of Penck and Brückner (1901), though the Günz, 
Mindéi, Riss and Würm glacial periods and the interglacials between them have 
been completed downwards by the Donau and Biber glacials and by the 
corresponding interglacials; also, the total duration of the four glacials and 
interglacials increased from 600 000 to 1.8 million years. As in the Alpine regions, 
these climatic phases could also be defined in North Europe, though the 
terminology there is different.

In Hungary, due to different conditions, when the third phase of geological 
exploration ended (which can be dated by the elaboration and publication of the 
geological map at 1:300 000 scale -  Balogh, Erdélyi, Kretzoi et al. 1956), the 
Pleistocene was usually subdivided into two parts. The red clay with "bean-ore" 
and the river terraces of higher position from III to VI, the related freshwater 
limestones in the area of the Gerecse and Buda mountains, as well as the older 
mollusc-bearing part of the basin-filling alluvial sequences, were assigned to the 
Lower Pleistocene. The entire loess sequence with the younger terraces and 
freshwater limestones, as well as the upper parts of the alluvial sequences were 
assigned to the Upper Pleistocene.

In the past three decades, great advances have been made in three fields 
concerning the classification of the Pleistocene in Hungary.

A) In case of the alluvial sequence of the Great Plain, Cooke et al. (1981) 
demonstrated their essentially unbroken character with the aid of paleomagnetic 
measurements on core samples of key boreholes: they were able to perform 
accurate paleomagnetic classification, i.e. absolute age determination.

The detailed palynological investigation of the samples was carried out by 
Miháltz-Faragó (1982). In the Pleistocene profiles spanning 2.4 million years, she 
was able to determine the 11 Pleistocene climate phases known from North Europe
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in four wells in the Southeastern Great Plain (Dévaványa-I, Komádi-I, Szarvas-I 
and Vésztő-I). As a result of her work, it could be stated that the glacial periods 
lasted for short times, except for the Würm, since they are represented only by 
thin sediment sequences. The thickness of sediments accumulated during the 
interglacials is 5-8 times greater. Moving upwards in the Pleistocene, her diagram 
unambiguously shows the gradual cooling of the climate broken periodically by 
warmer moments (Fig. 8).

Franyó made the field descriptions of the boreholes at the same time. Having 
compared their results, it became obvious that the initial strata of the alluvial 
half-cycles filling the basin of the Great Plain, except in the case of the Würm, 
coincide with the glacial phases. The recognition of this relationship permitted 
the accurate temporal classification of the Pleistocene sequence in the Great Plain 
on the basis of cycles, even where neither palynological nor core sampling 
investigations were performed, since the alluvial half-cycles can be relatively well 
followed with the aid of well log measurements.

B) The continental, eolian and alluvial terrace sequences in the narrow sense 
were previously studied by traditional methods, e.g. grain-size, СаСОз 
determination and faunistic analysis, by Kriván (1955) and Rónai et al. (1965). Their 
multi-disciplinary, e.g. geomorphological, isotope geochemical, TL, paleomagnetic, 
traditional, etc. analyses were carried out by Pécsi and his co-workers (1954-1987), 
Scheuer and Schweitzer (1973-1983), Hahn (1966-1972), Ádám (1955-1983), Góczán
(1960), Juhász (1972-1985), Marosi (1954), Marosi and Szilárd (1974-1983) and 
Szilárd (1953-1970). Though these sequences could not be subdivided into 11 parts 
so far, their classification made great progress. Four great "formations" were 
distinguished (1. Dunaújváros-Tápiósüly, 2. Mende-Basaharc, 3. Paks, 4. Duna- 
földvár), and in the second and third ones, five fossil soil horizons were 
distinguished, characterized and followed in numerous outcrops. The 
classification of the Pleistocene freshwater limestones is possibly their greatest 
success. Their formation could be identified in nine geomorphological horizons 
related to fluviatile terraces, both in the Gerecse and in the Buda Mountains. 
Applying physical methods the absolute age classification of the continental 
sequence could also be performed. Their observations permit a more exact 
limitation of the time of formation of the ventifacts. At Szár, Csákvár and Süttő, 
Pécsi (1987) found blown sand and loess occurrences which belong 
unambiguously to the late Würm (18 000-20 000 years). It is probable that these 
are the youngest ventifact finds in Hungary.

C) The third great field of Quaternary research is the vertebrate-paleontological, 
occasionally sedimentological, study of the fillings of karstic caves. In this field, 
primarily the monograph of Jánossy (1979) is worthy of mention. On the basis of 
his own results and those of others (mainly of Kretzoi, Kordos, Kormos, Gaál, 
Éhik, Kadic, Mottl and Vértes), he presented in a thorough manner the Pleistocene 
vertebrate-paleontological results of 170 localities. From our point of view, the 
elaboration of the exact classification of the Pleistocene by vertebrates, as well as
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the verification of the alternation of four glacial and interglacial phases by the 
alternation of vertebrate fauna, are most significant.

When reviewing the paleobotanical, paleozoological and sedimentological data 
which are not directly related to the ventifacts, it is obvious that in the Carpathian 
Basin sand desert conditions did not develop for longer times during the 
Pleistocene, even during the glacials. In mountainous areas, at least the northern 
side of the mountains usually maintained the coverage, to a certain extent, by 
coniferous forests during the cold, dry periods. The forests of the plains 
disappeared, and steppe developed there instead. It is also clear that the abundant 
vegetation prevailing in the climatic conditions of the interglacials, which were 
warmer and more abundant in precipitation, hampered deflation and the 
formation of ventifacts. Recent temperate conditions must be mentioned in this 
respect. It is well known that, under the recent conditions in the flood plains of 
the greater rivers (Danube, Drave, Sajó-Hernád), strong northwestern winds pick 
up the sand, which had been spread by floods, dried, and, being uncovered by 
vegetation, transport it over a distance of several kilometers. The efficiency of this 
deflation, however, proved to be insufficient to produce ventifacts in the 
Carpathian Basin during the Holocene. It is thus reasonable to bind the formation 
of Pleistocene ventifacts of Hungary to the glacial phases.

In the periglacial regions, the formation of glacials was the consequence of 
snowfalls of dimensions unknown to modern man, following the interglacial 
periods. In the periglacial regions of the Carpathian Basin, the overwhelming 
majority of snow thawed during summers, producing huge floods; due to the 
summer drought and to the spring and autumn disintegration by frost activity, 
this resulted in the transport of mostly coarse sediment masses. The sandy, gravelly 
sediments deposited in the basin marginal alluvial fans remained dry and without 
vegetation cover, at first only in summer, in the later phases of the glacials 
throughout the year and these were strongly affected by the wild spring and 
autumn northwestern winds rushing down from the continental ice cover 
approaching the Carpathian Basin at that time. The sand material was transported 
towards the southeast, and on the remaining pebbles, the blown sand ground, 
first one and later, due to the repeated cryoturbational movements of the pebbles, 
several plane bright surfaces. In the terminal phase of glacials, deflation became 
less intense and less frequent. It was replaced in general by loess accumulation, 
though the repeated intercalation of sand layers, consisting of eolian grains, into 
the loess sequences (Kriván 1955; Földvári and Wallacher 1970; Rónai et al. 1965; 
Pécsi and Pevzner 1974; Pécsi 1975) proves the alternation of the two phenomena.

Now, the question is whether during all six glacial (cold) periods in the time 
interval between 2.4 and 0.012 MYBR ventifacts were formed in the territory of 
Hungary or not. The answer will be approached from two points. First of all, I 
analyzed the data of 131 ventifact occurrences. Unfortunately, most of these are 
found on the surface; only some outcrops provided the possibility to perform age 
determination using the over- and underlying strata (Tables 1-4, Figs 2-7).

Pleistocene ventifact occurrences 4 2 9
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To establish the stratigraphic position of the Pleistocene eolian activity, there 
was another possibility, namely the evaluation of roundness data of sands from 
boreholes drilled in the Great Plain (Borsi et al. 1983, 1987; Franyó 1963-1988; 
Gedeon-Rajetzky 1973-1976; Halmai et al. 1982).

With the joint data of Table 4 and those of the roundness analyses, it can be 
stated that, in each phase of the Pleistocene (which, due to the lower boundary 
of 2.4 MYBP, includes the pebbles of Kemeneshát, those of the ridge between the 
Rába and Zala, as well as the red clay sequence from the Villány Mountains, 
through the Mecsek area along the right bank of the Danube), remarkable eolian 
activity can be assumed; thus, the formation of ventifacts was also possible. 
Ventifacts can be found in each Pleistocene terrace horizon. Presumably, very soon 
after their formation they underwent intraformational redeposition, to become 
gravel strata. Their intercalation into the Würm loess was observed at Süttô, and 
their appearance in the Würm alluvial fan was observed at Szár by Pécsi (1987). 
The conditions of occurrence of the Tata-Kálvária Hill, of Dorog and of Lábatlan 
support their young formation along the Danube (Table 2 and Fig. 3).

Roundness investigations also support this picture. In the red clay profile along 
the Danube, from the middle part up to the Holocene, well-worked eolian sand 
grains may occur in considerable proportion in each cycle, but the results achieved 
so far do not permit recognition of one of the horizons or regions.

In the sediment sequence of 2.4 million years, and below the great Late Cenozoic 
unconformity surface dated to the same age in the Carpathian Basin, 
eolian-worked, bright rounded sand grains have not been found so far. 
Undoubtedly, in the case of the formation of the lignite-bearing sequence, the 
rich flora (Pálfalvy 1952; Nagy 1958) does not allow the assumption of desert 
conditions and deflation. The dry character of the younger part of the Pannonian 
sequence is disproved by the South Chinese warm, subtropical environment of 
the Beremend fauna. In the Pannonian sequence, drying phenomena were 
observed in the phase below the Bükkalja and Torony Formations. The existence 
of these was also emphasized by Pécsi (1986,1987). Nevertheless, sedimentological 
features relating to deflation activity have not been found so far.

Based on the limonitic and hydrohematitic colour, gained under desert 
conditions, of the ventifacts of 131 localities, I attempted to estimate their age as 
well. The age dependence of the colour is beyond doubt. In Hungary the 
overwhelming majority of the ventifacts are pale-brown to brownish. Rarely, and 
only among the older ventifacts, some red-coloured ones were found in addition 
to the brown pebbles. Those intercalated in the Würm, or from post-Würm strata  ̂
are mostly yellow. Rarely, colourless ventifacts were also found. The red coloration 
can be regarded as indicative of the Early Pleistocene, the brown of the Middle 
Pleistocene and the yellow colour may relate to formation in the Late Pleistocene. 
Nevertheless, this cannot be accepted as unambiguous evidence, since 
brown-coloured ventifacts are frequent in all the three horizons.

4 3 0  Á . Jámbor

Acta Geologien Hungáriái



A
cta G

eologica

Table 4
Data of bedding of ventifact occurrences in Hungary

Bedding horizons of ventifacts Published d a ta  (Table 1) D ata from co lleagues (Table 3) D ata from the collection of the author (Table 2)

O ccurrences w ithout cover 1c,
6d,

2, 3, 4a, 4b, 4c, 4d, 4e, 4f, 4g, 4h, 4i, 5, 6c, 
7a, 7b, 8, 10, 11a, 11b, 15e, 15b, 15c

1, 2, 4, 5, 6, 7, 8, 11, 12, 13, 14, 15, 16, 17, 18, 
19, 20

3, 6, 7b, 8, 10, 12, 13, 14, 18, 19, 20b, 21b, 22, 
23, 24b, 24c, 25, 26, 27a, 27b, 30b, 30c, 31, 32, 
33a, 34, 35, 36, 37, 38a, 38c, 38d, 39, 40, 41a, 
41b, 42, 43a, 45, 47b, 48, 49c, 50

O ccurrences with Holocene cover 1b, 6a, 4j, 4k, 4I, 9, 12, 14 3?, 9 47a, 49a, 49b

O ccurrences with Würm cover 13, 15d, 15e 3?, 10 47a

In young P leistocene te rrace - - 46, 49d?

In Middle P leistocene terrace - -

In Early P leistocene te rrace - - 29, 47b

In Q uaternary blow n-sand 1a, 4a, 6b - 44, 47b, 51a, 51b

u>
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The effect of change in direction of magnetic 
field on fossil Dinoflagellata
Mária Sütô-Szentai
Retired

The paleomagnetic time-scale, indicating changes in the direction of the Earth's magnetic field, and 
the absolute methods for dating, stand for us as geohistorical time dimensions (Berggren 1987).

Certain periods of normal directions within paleomagnetic zonation can be brought into correlation 
with the maximum frequency of fossil dinoflagellata and with the appearance of certain morphotypes. 
I consider this phenomenon to be connected with cosmic radiation occurring in connection with 
changes in the Earth's magnetic field.

Key words: Magnetic field, polarity zone, Dinoflagellata, morphological changes

The paleomagnetic data measured at borehole "Kaskantyú-2" (Hungary) were 
published by Elston et al. (1990); I have since had the opportunity of comparing 
the morphological changes and frequency of Dinoflagellata from the same 
borehole with the changes in the direction of magnetic field.

The first reliable datum indicating extreme morphological change, occurring 
after the magnetic field has changed its direction, comes from the 5th polarity 
zone of Spiniferites validus microplankton. In the section between 1049.0 and 1066.0 
m with reversed polarity, the presence of Dinoflagellata is minimal, although both 
below and above this zone, they are found in large amounts in the homogeneous 
clay-marl (Nagykörű and Tótkomlós Formations, Fig. 1). Above the so-called one- 
point reversal, mainly the morphological change of planktonic Dinoflagellata is 
striking. Thick-walled, spongy theca and the species Pontiadinium inecjuicornutum 
(Baltes 1971; Stover and Evitt 1978) appear and become frequent. This morpho
logical change within the zone of Spiniferites validus can be correlated with zones 
above the one-point reversal, and can be identified in Hungarian boreholes in 
those locations where the associations are situated within the homogeneous 
clay-marl, and therefore facies changes, as possible limits to spreading of 
paleoassociations, do not occur. Besides the known factors influencing the 
reproduction of Dinoflagellata, such as salinity, temperature, or pH-value, the 
proof of the effect of cosmic radiation opens up new vistas for establishing 
correlations. One main proof of the above-mentioned statement is the following: 
the tabulation system of the genus Pontiadinium is the same as that of the species 
Gonyaulax digitale (Pouchet 1883) -  Kofoid (1912) emend Wall and Dale (1970), but 
the former is longitudinally elongated, and apart from its strongly elongated apical
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Fig. 1
The morphological change of the dinoflagellates above one-point reversal in the Kaskantyú-2 
drill hole. 1. clay; 2. sand, sandstone; 3. siltstone; 4. marl; 5. limestone; 6. gravel; 7. normal 
polarity; reverse polarity
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bulge, it has an antiapical bulge as well. While the species Spiniferites bentorii -  
Gonyaulax digitale has been shown to exist in today's warm seawaters, from 
tropical lagoons along the Gulf Stream up to England, at the same time all species 
of the genera Pontiadinium are only known as fossils. It is dominant in two 
microplanktonic zones within the Pannonian age, though the same morphotypes 
as ours are reported to have occurred in Paleogene and Upper Jurassic layers 
(Grigorovitch 1969; Yow-yuh Chen 1982). In borehole "Kaskantyú-2", Dino- 
flagellata are most frequent within the 5th polarity zone, but in its upper part of 
the Spiniferites validus zone, the selection of dinoflagellata starts as a result of 
gradual decrease of salt content of the Pannonian inland sea. Their newer 
occurrence and their frequency, which is limited to a few layers in the zone of 
Galeacysta etrusca (during the Messinian saline crisis), also seem to be correctable 
with certain short-term periods with normal direction of polarity.

The reversals of the Earth's magnetic field probably occurred with varying 
intensities; therefore, cosmic radiation also had different effects on forms of life, 
on climate and on changes of sea-level.

Being an effect which influenced life on Earth at certain times, the reversal of 
the Earth's magnetic field, by the evidence it supplies, and through further 
investigations, will provide us with the possibility for both regional and global 
identification of ages, and of the composition of layers.

This article was publicly read out by the author on 14th October 1991 in the 
Hungarian Geological Society, in Budapest.
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Planktonic foraminiferal biostratigraphy of the 
carbonate/flysch transitional beds at Prossilion 
in the Parnassus-Ghiona Zone, Central Greece
Nikolaos Solakius Fotini Pomoni-Papaioannou
Kent Larsson
Department of Historical Geology and Paleontology Institute of Geology and Mineral Exploration 
University of Lund Athens

T he analysis of the planktonic foraminiferal assem blages from the carbonate/flysch transitional beds 
sh o w s that the lim estone beds w hich  represent the low er part of the boundary sectio n  include 
foraminiferal assem blages from the Upper M aastrichtian, in w hich  the Gansserina gansseri Z one and 
the Abalhomphalus mayaroensis-Kassabiann falsocalcarata Z ones w ere distinguished. T he overlying  
hardground-strom atolitic bed w hich  follow ed includes Morozovella pseudobulloides (Plum m er) and 
Globigerina triloculinoides Plummer from the upper Lower Paleocene, w hich sh o w s that the  deposition  
w a s interrupted at the Cretaceous/Tertiary boundary and during the earliest Paleocene. T he presence 
of Morozovella Irindadensis (Bolli), Planorotalites chapmani (Parr) and Morozovella angulata (W hite) in the 
hardground-strom atolitic bed indicates that this bed continued to develop during the M iddle Paleocene. 
Finally, in the overlying calcareous shales, Late Paleocene index species such  as Planorotalites 
pseudometuirdii (Bolli), and Morozovella velacoensis (Cushm an) w ere identified and the  Planorotalites 
pseudomeardii and Morozovella velascoensis Z ones w ere thus distinguished in the upper part o f the 
b oundary  section.

Key words: Foraminifera, C retaceous-Paleocene, Parnassus, H ellenids, Greece

Introduction

During the transition from the carbonate to the flysch facies in the 
ParnassusG-hiona Zone, which took place during the Late Cretaceous -Paleocene, 
deposition was interrupted over large areas of the zone (Sernikaki, Stena Pigadhia, 
Steni Rematia in Davlia area, Distomo, Osios Loucas -  Richter and Mariolakos 
1974; Kalpakis 1979; Solakius et al. 1989). In these areas, a phosphatic hardground 
with stromatolites was developed just above the Cretaceous limestone. Above this 
hardground-stromatolitic bed, the basal shales of the flysch complex were 
deposited. Only in a few areas, such as close to the old bridge of Arachova and 
in Ano Sourpi, is there no hardground in the transition from the carbonate to the 
flysch facies, suggesting that the deposition may have been continuous.

According to Richter and Mariolakos (1974), the sedimentary breaks were the 
result of hörst and graben tectonism, which affected the zone during the Late 
Cretaceous. Extensive areas emerged and became karstified, while in the shallow 
marine environments, .deposition was interrupted and a hardground was
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developed. In the grabens, on the other hand, sedimentation continued uninter
rupted.

These changes in the environmental conditions brought about by this tectonic 
event, and by the beginning of the flysch deposition have, however, not been 
investigated. Biostratigraphic zonations have not been presented on the basis of 
the fauna included in the carbonate/flysch transitional beds, to demonstrate either 
the duration of this transition or the extension of the sedimentary breaks.

In order to find out when the transition from carbonate to the flysch facies took 
place and what the environmental conditions were during this period, we 
investigated boundary sections consisting of limestone and shales. The latter are 
regarded as the passage beds of the flysch complex.

We have shown that, in the Sernikaki boundary section, the Abathomaphalus 
mayaroensis and Kassabiana falsocalcarata Zones, which represent the upper part of 
the Upper Maastrichtian as well as the Globigerina fringa and Globigerina eugubina 
Zones of the Lower Paleocene are absent from the section (Solakius et al. 1989).

In the beds of the Prossilion section, rhizolites have been found in the 
hardground-stromatolitic unit. This, in association with other sedimentological 
evidence, indicates that the area had become exposed (Pomoni-Papaioannou and 
Solakius 1991). In this paper, we will present data on the age of the Prossilion 
boundary section and on the duration of the sedimentary break on the basis of 
the planktonic foraminiferal assemblages recorded in the beds.

Geological setting

The boundary section consisting of the underlying limestone beds and the basal 
shaly beds of the flysch is situated at Prossilion, 10 km N of the village of Amfissa 
in Central Greece (Fig. 1). The section belongs to the Parnassus-Ghiona Zone, 
which is geotectonically assigned to the external Hellenids.

The lithology of the section is briefly as follows (Fig. 2): The limestone beds are 
thin, white-brown in colour and strongly bioturbated. They continue upwards 
into the phosphatic hardground horizon with stromatolites and iron oxides. This 
bed is overlain by red and grey calcareous shales which are regarded as being the 
passage beds towards the flysch. This boundary section forms part of the 
limestone/flysch sequence (Upper Cretaceous-Lower Tertiary) which is to be 
treated in a forthcoming paper.

Planktonic foraminiferal biostratigraphy

The foraminiferal assemblages recorded in the Prossilion section are rich and 
diversified except for those found in the hardground-stromatolitic bed. From this 
fauna, only the planktonic foraminifera are dealt with, since they are important 
for determining the age of the beds as well as for establishing biozones in the 
section.
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Fig. 2
Diagram showing (1) the foraminiferal zonation and (2) the distribution of the most important planktonic foraminiferal species recorded in 
the boundary section examined
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The limestone beds

The planktonic foraminiferal assemblages recorded in the limestone beds of the 
section comprise Upper Maastrichtian planktonic foraminiferal species, the most 
important being: Rosita constusa (Cushman), Racemiguembclina fructicosa (Egger), 
Racemiguembelim powelli Smith et Pessagno, Gansserina gansseri (Bolli), 
Pseudotextularia elegáns (Rzehak), Abathornphalus mayaroensis (Bolli), Kassabiana
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falsocalcarata (Kerdany et Abdelsalam), Kassabiana falsocalcarata trigonocamerata Salaj 
et Solakius, Globotruncanita stuarti (De Lapparent), Globotruncanita stuartoconica 
Solakius et Salaj, Rugoglobigerina rugósa (Plummer) and Racemiguembelim? 
textulariformis (White). On the basis of the index species Gansserina gansseri (Bolli), 
Abathomphalus mayaroensis (Bolli) and Kassabiana falsocalcarata (Kerdany and 
Abdelsalam), the underlying Upper Maastrichtian Gansserina gansseri Zone and 
the overlying Abathomphalus mayaroensis-Kassabiana falsocalcarata Zones were 
distinguished.

The above-mentioned species indicated that the limestone beds were deposited 
during the Late Maastrichtian (Fig. 2).

The hardground-stromatolitic bed

In this bed, consisting of phosphatic stromatolitic crusts developed above the 
Maastrichtian limestone as a hard ground, Paleocene planktonic foraminifera have 
been recorded. As the sedimentological analysis showed (Pomoni-Papaioannou 
and Solakius 1991), this hardground was exposed during the Early Paleocene. The 
area became submerged during the late Early Paleocene, as shown by the presence 
of Morozovella pseudobulloides (Plummer). This indicates that the Globigerina fringa 
and Globigerina eugubina Zones of the lowermost Paleocene are absent from the 
section (Fig. 2). Other Paleocene species identified in this bed are Globigerina 
triloculinoides Plummer, Planorotalites chapmani (Parr), Morozovella trinidadensis 
(Bolli), and Morozovella angulata (White), which show that phosphatic-stromatolitic 
crusts continued to develop during the Middle Paleocene (Fig. 2).

The calcareous shales

The calcareous shales include a rich foraminiferal fauna composed of both 
planktonic and benthic assemblages.

Of the numerous planktonic foraminiferal species identified, the most important 
are: Planorotalites pseudomenardii (Bolli), Morozovella angulata (White), Planorotalites 
chapmani (Parr), Globigerina trinoculinoides Plummer, Acarinina mackannai (White), 
Morozovella velascoensis (Cushman), Morozovella subbotinae (Morozova), Globigerina 
velascoensis Cushman and Acarinina soldadoensis soldadoensis (Brönnimann). The 
Planorotalites pseudomenardii and Morozovella velascoensis Zones of the Upper 
Paleocene were distinguished in the shales on the basis of their index species
(Fig- 2).

Concluding remarks

Carbonate sedimentation in the Prossilion area of the Parnassus-Ghiona Zone 
continued during the Late Maastrichtian, as shown by the presence of the index 
species Gansserina gansseri (Bolli), Abathomphalus mayaroensis (Bolli), Kassabiana 
falsocalcarata (Kerdany and Abdelsalam) and of Rosita contusa (Cushman), 
Racemiguembelim fructicosa (Egger) and Globotruncanita stuarti (De Lapparent) in 
the limestone beds of the section. The break in the deposition across the
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Cretaceous/Tertiary contact, which gave rise to the development of a hardground, 
continued until the appearance of the index species Morozovella pseudobulloides 
(Plummer) in the younger part of the Early Paleocene. The Globigerina fringa and 
Globigerina eugubim Zones of the lowermost Paleocene are lacking in the section.

The hardground-stromatolitic bed continued to develop during the late Early 
and the Middle Paleocene, as shown by the presence of Globigerina triloculinoides 
Plummer, Planorotalites chapmani (Parr), Morozovella trinidadensis (Bolli) and 
Morozovella angulata (White).

The overlying calcareous shales of the flysch were deposited during the Late 
Paleocene, as shown the presence of Planorotalites pseudomenardii (Bolli), 
Morozovella velascoensis (Cushman), Morozovella angulata (White) and other 
significant Upper Paleocene planktonic foraminifera.
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Plate 1

1 — Kassabiana falsocalcaratn (Kerdany and Abdelsalam)
Note the presence of spines on the spiral side of the test. Sample no. 41, x96.

2 — Kassabiana falsocalcarata trigonocamerata Salaj and Solakius. Sample no. 41, xllO
3 — Rugoglobigerim rugósa (Plummer). Sample no. 41, x ll .

4-5 — Juvenile specimen of Kassabiana 4 x 250. The area around the juvenile specimen in 
5 is impregnated with iron oxides. To the right of this specimen Pseudotextularia 
elegáns (Rzehak) occurs, x65. Sample no. 41 

— Kassabiana falsocalcarala (Kerdany and Abdelsalam). Sample no. 41. xl42 
7 — Rosila contusa (Cushman). Sample no. 41, x51 

8-9 — Racemiguembelina? texlulariformis (White). Sample no. 42. Fig.8, x85; Fig.9, x80
10 — Abathomphalus mayaroensis (Bolli). Sample no. 41, xl06
11 — Racemiguembelina fructicosa (Egger). Sample no. 43, x87
12 — Gansserina gausser: (Bolli), Rosita contusa (Cushman) and Racemiguembelina powelli

Smith and Pessagno. Sample no. 42, x33

Plate II

1 — Planktonic foraminiferal assemblage including Morozovella pseudobulloides
(Plummer), Planorotalites chapmani (Parr) and Globigerina triloculinoides Plummer. 
Sample no. 41, x40

2-3 — Globigerina triloculinoides Plum mer and Morozovella pseudobulloides (Plummer) 
from 2, x93, 3, x87

4 — Morozovella trinidadensis (Bolli). Sample no. 41, x 88.
5 — A specimen probably belonging to Planorotalites pussila pussila (Bolli).

Sample no. 41, x50
6 — A keeled Morozovella from the Middle Paleocene. Sample no. 41, x50
7 — Planorotalites chapmani (Parr). Sample no. 41, x88
8 — Planorotalites species. Sample no. 41, x80

Plate III

(bars equal to 100 jxm)

1-3 — Morozovella velascoensis (Cushman). Sample no. 52 
4-6 — Globigerina triloculinoides Plummer. Sample no. 52 

7-10 — Planorotalites pseudomenardii (Bolli). Sample no. 52
11 — Morozovella angulala (White). Sample no. 50
12 — Planorotalites chapmani (Parr). Sample no. 51
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Quantitative mineralogical analysis of bauxites 
by X-ray diffraction with the Rietveld method
Vassilis Perdikatsis
Institute of Geology and Mineral Exploration 
Athens

The mineralogical composition of bauxites is determined by the "Rietveld" method and the results 
are compared with other X-ray diffraction methods for quantitative analysis.

Quantitative analysis by the Rietveld method is based on the fitting of the experimental diffraction 
patterns to the theoretical ones. It uses the entire X-ray diffractogram, not only some of its reflections, 
as in cases in which standards are used.

The theoretical patterns are calculated according to the crystal structure of the minerals of the 
sample.

The refinement procedure is based on the least squares method. No standards are required for this 
method.

Various bauxite samples have been analyzed by the use of the Rietveld method and the results are 
compared with other methods of X-ray diffraction. This method, apart from the exact composition of 
the sample, gives accurate crystallographic data for each mineral of the sample, as well as data relevant 
to the crystallite size of those minerals.

Key words: quantitative analysis, bauxite, X-ray diffraction

Introduction

X-ray diffraction is a fundamental method for the qualitative and quantitative 
determination of geological material, especially in the case of weathering material 
or submicroscopic minerals.

The development of the computerized, automatic X-ray powder diffractometer 
enables fast and easy data collection. The existing software makes possible the 
qualitative determination of the crystalline phases in the mineral mixture, in less 
than one minute.

The X-ray intensities reflected by compounds in mixtures are obviously related 
to the proportions of the components and it is expected that quantitative analysis 
can be made on this basis.

The existing X-ray diffractometers today simplify the measurement and the 
collection of X-ray intensities, compared to the instruments used a few years ago.

The present study will compare different methods for the quantitative analysis 
of bauxitic material, and will especially show the advantage of the so-called 
"Rietveld" method.
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The intensity of X-ray diffraction by a component P in a mixture is given by 
the equation of Klug and Alexander (1974):

Ip=KpW p/(JL : Wp=If/K p.jjL

w here  W p is the weight fraction of p compound in the mixture, Kp is a constant, which depends on 
the na tu re  of the component, the particular reflection considered, and the experimental arrangement, 
|X is th e  average mass absorption coefficient of the mixture.

If w e use suitable standards with known mineral composition and |jl, or pure 
phases, we would be able to determine the Kp and make quantitative analyses. 
But pure mineral standards are rare, and when they exist, they cannot be used 
without some preconditions.

These preconditions for quantitative analysis are the following:

Crystallite size
The intensity (Ip) of the diffracted beam depends upon the crystallite size of 

the p-mineral, therefore the unknown sample and the standard must have the 
same crystallite size.

Mineral composition
Ip is a function of the mineral composition, because of the different scattering 

behavior of the elements. For example, Mg-chlorites have different intensities as 
M g-Fe—chlorites.

Grain size
Both unknowns and standards must have the same grain size, recommended 

between 1 and 10 pirn.

Sample preparation
Sample preparation is very important especially for avoiding grain-preferred 

orientation.
Assuming that the above preconditions are met, the most important methods 

for the quantitative analysis are the following:

1. External standards, with known mineral composition

2. Reference Intensity Ratio (RIR)
In this method we have: X í =  (Xc/K í) (Ií/Ic)
Corundum (а-АЬОз) is chosen as reference material (Reflection (113)). Ki are 

determined for each mineral in a mixture with corundum 50:50. In this case 
Ki = Ii/Icor. This method is free of mass absorption effects (Chung 1974).

The fraction of each mineral in the sample is given by:
XrGi/Kjy 2j(Ij/Kj)

Ki is affected by crystallite size, preferred orientation and the crystal chemistry 
of the minerals.
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For instance, Fe for Mg substitution in chlorites causes a decrease in the intensity 
of hkl (001) reflection at 14 A.

Similar changes in d-values and intensity are obtained in bauxitic minerals, 
(diaspore, hematite, goethite) by Al, Fe substitution (Bárdossy 1982).

Many К, for different minerals are determined, and their values are given in a 
JCPDS file.

The RIR-method is an elegant one for a good and fast semi-quantitative analysis.

3. Standardless analysis
Varying the proportions of the components in a mixture, for example by partial 

separation of fine and coarse by a sedimentation process, we get an equation 
system the solution of which gives the initial concentrations of the different phases 
(Zevin 1977, Zagalis 1985, Renault 1987).

In general, in standardless analysis, one needs n samples for n components.
Errors due to the mineral chemistry are eliminated, because it is assumed that 

the minerals have the same composition in the group of samples we analyze.

4. Combination of X-ray diffraction and chemistry
Bárdossy et al. (1980) determined the mineralogical composition of bauxites by 

a combination of quantitative X-ray diffraction analysis with bulk chemical data 
of the sample and the crystal chemistry of each mineral, determined by d-values 
shift in diffractogram.

Quantitative mineralogkal analysis 4 4 9

Instrumentation

For data collection of the analyzed material, an automatic diffractometer, type 
D500 PC Siemens, was used, with copper tube (40 KV/30 mA), and graphite 
monochromator. The diffractograms were collected in step-scan mode, with 0.02° 
step and 2 seconds counting time per step. The qualitative analysis was performed 
by Siemens software and the JCPDS-diffraction data file.

The Rictveld method

All the above discussed methods for quantitative analysis, with the exception 
of the standardless one, require standards for the quantitative analysis of a sample.

The Rietveld method gives an accurate quantitative analysis of a single 
multiphase sample.

The Rietveld method is a crystal structure refinement method. The fundamental 
point is that each measurement (step) in a diffractogram is an observation. The 
observations yj are compared with theoretical values (Rietveld 1969).

A good review and introdu .tion in the Rietveld method is given by R.L. Snyder 
and D.L. Bish, S.A. Howard and K.D. Preston, J.E. Post and D.L. Bish in "Modern 
Powder Diffraction" (1989).
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As in any least-squares refinement procedure, the quantity minimized is the 
sum of the squares of the difference between observed and calculated values of 
the observables. Here the observations are the intensity values yi at each of the 
i th steps in the pattern.

R= 2  wi(yi(o)-yi(c))2 
R= Residual 

wj=weight factors

The intensity yi(c) for randomly oriented crystallites is given according to:
yj(c)=S 2  hklPhklLhklFhkl2G(A'öihkl) phkl+yi(b) (a)

The intensity Ihkl for a hkl-reflection is given by:
Ihbű= K (V2p,) Rhk]/where

K = (I0 A X3)/32 -it r) -[((Xc/t-ir)2 e4/m2]

Rhkl= W 2 [ |F |2 p((l+cos2(2-ô) cos2(2-ö))/(sin2ö  cos-&))] e_2M 
S= Scale factor

L^kl = Lorentz and polarization factor for a hkl Bragg reflection.

Fhkl = structure factor, Xj fj ê TT (hxj + kyj + lzj). e_Mj

fj, xj, yj, zj = atomic scattering factor, coordinates, Mj = thermal factor, P^kl =  multiplicity 
factor, yj(b) =background at step i

P^kl = function for preferred orientation correction.

^hkl = Bragg angle for a hkl reflection.

h, k> 1 = indices identifying the Bragg reflection.

G(A^j hki) = is the reflection profile-shape-function, which describes the shape of a 
reflection. The most usual profile-shape-function in Rietveld analysis, for goniometer X-ray 
diffraction data, is the pseudo-Voigt function.

Since most of the mineral structures are known, Fhkl and therefore yi(c) can be 
easily calculated.

The quantities used to measure the progress of a Rietveld refinement, and the 
agreement between the observations and the calculated model are (Young and 
Wiles, 1981):

Rp = 2  lyi°-yic l /  2  V
Rwp = [2  w;(Y;-Yjc)2 /  2  wjYjo2] 0.5 

^Bragg = ^  I l°hk] -  lchk] I !  ^  l°hkl
For a multiphase analysis equation (a) is:

Y;(c) = Y|(b) + 2  p sp 2  Ap

The scale factor Sp is defined as (Bish and Howard 1988):
Sp = Wp / Pp К Pm / 2 p.m

In a multiphase sample: Wp = Sp Pp /  2  j Sj Pj
In a multiphase mixture we refine scale factors, therefore we can calculate the 

quantity of each phase. However, since К and p. cannot easily be determined, an
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analysis of an unknown sample is usually performed by constraining the sum of 
the weight fractions of the phases considered to unity.

O'Connor and Raven (1988) used corundum to determine the K-constant.
By addition of a known percentage of a phase, we can calculate the absolute 

values of each phase and by difference, amorphous compounds in the sample 
(Bish and Howard 1988).

Snyder and Bish (1989) showed the possibilities and the advantages of the 
quantitative analysis by this method.

The Rietveld method, in the case of quantitative analysis, provides numerous 
advantages over the conventional methods. Since the method uses a 
pattern-fitting algorithm, all lines for each phase are explicitly considered, and 
even severely overlapped lines are not problematic, even in the case of low 
symmetry where overlapping becomes a serious problem. The use of all lines in 
a pattern minimizes the uncertainty in the derived weight fractions.

The Rietveld refinement algorithm gives very accurate lattice constants and 
information about the crystallite and grain size distribution for each mineral of 
the sample.

Bish and Howard (1988) tested the method by different artificial mixtures like 
quartz-corundum (50:50), clinoptilolite-corundum (50:50) and others.

The results were excellent. They obtained the initial values of the mixture.
In this study we first tested a mixture of quartz (40%), dolomite (10%), corundum 

(20%) and calcite (30%). The weight fractions we obtained were quartz = 40.2%, 
dolomite = 9.8%, corundum = 20%, calcite = 29.9%.

Bauxite samples

To test the method for mineralogical analysis of bauxitic material, we chose 
samples of different compositions.

These samples were analyzed by different methods for quantitative X-ray 
diffraction analysis, such as external standards, RIR, and internal standards.

The values obtained were compared with the expected ones by the chemical 
composition and with those of the Rietveld method.

The most important error sources in X-ray diffraction analysis of bauxitic 
material, according to Bárdossy et al. (1977), are the following:

a. The full with half maximum value of a hkl-reflection. This increases with 
decreasing crystallite size of the bauxitic minerals.

b. The shift of "d" values of hematite, goethite and diaspore, which correlate 
with the isomorphous substitution of A1 or Fe in these minerals (Jonas and Solynar 
1970; Thiel 1963).

Apart from a. and b., preferred orientation is another important error source, 
which is caused by the cleavage of the minerals in the sample.
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Sample A

According to the qualitative analysis, the sample consists of boehmite, hematite, 
anatase and kaolinite. After the first refinement, all the R-Bragg values were less 
than 20%, except for kaolinite with an R-value of 40%. We exchanged the kaolinite 
structure for that of dickite and the R-value changed to 15%.

This means that dickite, and not kaolinite, is present in the sample. In Fig. 1 the 
experimental and theoretical patterns of sample A are presented, and in Fig. 2 a 
small area of Fig. 1 shows the quality of the fitting. The final R-Bragg values for 
all phases are less than 10% except for dickite with R=15%. The Rwp value was 
12%. The quantitative composition of the sample is given in Table 1.

Sample В

This sample consists of diaspore, hematite, goethite, anatase, calcite and quartz. 
The final fitting gave R-Bragg values for all the minerals of less then 10% and

А: В0ЕНИ(49.5 )5 0 .2НЕЖ22.2)21.6AHATÍ2.3 )2 .Ш СК1Ш24.2)23.7

10 20 30 40 50 60
29

Fig. 1
O bserved and calculated patterns of sample A. The upper curve shows the difference between 
the observed and calculated patterns. Vertical marks at bottom Indicate the position of 
allowed Kai and Каг lines
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A: BÚEHMÍ49.5 )50 .2HEMÍ22.2)21.6ANATÍ2.3 )2 .6DICKITEÍ24.2)23.7

36.92 39.47
23

Fig. 2
Detail of Fig. 1 by zooming into a small area 2 d. In this area more then 45 allowed reflections 
are present

Rwp=ll% . In Fig. 3 the experimental and theoretical patterns are given. The 
quantitative composition is presented in Table 1.

Sample C

In this sample two Al-minerals are detected (boehmite and diaspore), along with 
hematite, goethite, anatase, and kaolinite. The final Rwp was 12.5% and the 
R-Bragg values were less than 10%. In Fig. 4 the Rietveld fitting is given and in 
Table 1 the quantitative composition of the sample.

Sample D

This is a boehmitic sample with very low content of diaspore.
According to Table 1, the Rietveld analysis gave the best results, compared to 

the expected values.

42.03
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As w e have shown, the Rietveld method gives very good results for all the 
analyzed samples.

The detection limit for all the analyzed minerals was less than 1%.
The advantages of the Rietveld method in the case of bauxitic material are:
1. Very good quantitative analysis of a single multiphase bauxitic sample 

without the use of standards.
2. Accurate determination of lattice constants of boehmite, diaspore, hematite 

and goethite, and therefore estimation of the substitution of Fe for A1 and A1 for 
Fe in the above minerals. Of course the exact values can be determined by 
refinement of the site occupancy of Fe and A1 in the above crystal structures.

Table 1
Results of "Rietveld" quantitative analysis compared with other methods
M ethods 1 2 3 4 5 6 7 8
Sample A
Rietveld 50.2 - 21.6 - 2.6 23 - -

In ternal standards 49 - 20 - 2.6 28 - -

RIR 45 - 18 - 2 35 - -

External standards 53 - 24 - 2.3 20 - -

Expected values 49.5 - 22.2 - 2.3 24.2 - -
Sample В
Rietveld - 60 15 3 2.0 - 2.7 6.1
Internal standards - 59 14 2 1.8 - 2 7.2
RIR - 57 18 1 2.1 - 10 12
External standards - 62 18 2 2.2 - 3.2 7.5
Expected values 61 18 2.3 - 2.7 6.5
Sample C
Rietveld 37 25 21 2 2.8 4 - -

In ternal standards 34 28 20 - 2.5 5 - -

RIR 28 30 29 1 2.4 10 - -

External standards 36 28 21 2 2.5 3 - -

Expected values 63 - 24 - 2.8 4 - -

Sample D
Rietveld 63 1.7 22 3.5 2.7 6 - -

In ternal standards 60 2.5 20 2 2.6 8 - -

RIR 59 1 23 1 2.5 14 - -

External standards 61 1 20 2 2.6 7 - -

Expected values 64 25 - 2.6 5.5 - -

Symbols: 1. boehmite; 2. diaspore; 3. hematite; 4. goethite; 5. anatase; 6. kaolinite; 7. quartz; 8. calcite, 
(all in %)

The steps to be followed in the Rietveld analysis of bauxitic material are:
1. Good preparation of the sample with grain size less than 30 p,, and rotation 

of the sample during the measurement.
2. Measurement with automatic diffractometer (2 hours per sample) 3-60° (2 -0), 

Cu-radiation with graphite minochromator.
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Fig. 3
Observed and calculated patterns of sample В

3. Qualitative analysis to identify the minerals in the sample.
4. Selection of structure data for the encountered minerals (Wyckoff 1963) or 

structure reports.
5. Refinement of the experimental data by the Rietveld method, using a structure 

model of the analyzed minerals.
6. Plot and comparison between experimental and calculated patterns.
The time for the computation for a sample is about 30 minutes, using a personal 

computer with an 80386 processor.
In the case of analysis of many samples from a geological profile, the following 

procedures are recommended:
a. Quantitative analysis by the Rietveld method of some characteristic samples, 

which contain all the minerals of interest. In this way, standards will be created 
with all common characteristics of all samples.

b. These samples will serve as standards for the quantitative analysis of the 
remaining samples.
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Observed and calculated patterns of sample C

Conclusions

70

The Rietveld method is a very good and elegant method to obtain accurate 
mineralogical analysis of bauxitic material.

N o standards are required, and besides the quantitative composition, important 
crystallographic data for each mineral in the sample are obtained.
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