
PALAEOBATHYMETRIC STUDY OF PALAEOGENE PROFILES 
UPON FORAMINIFERA

by
KATALIN HORVÁTH-KOLLÁNYI—ÁGNES NAGY-GELLAI 
Hungarian Geological Institute Budapest, Népstadion út 14.

H -1143

UDC: 5 51.781:563.12:5 51.22

K e y w o r d s :  Palaeogene, bathymetry, Foraminifera, Transdanubia
(Hungary)

Bathymetric curves of Palaeogene profiles in Transdanubia were constructed 
upon the percentage distribution of plankton and benthos Foraminifera following the 
method of R. G. WRIGHT (1977) and L. J. VAN MARLE et al. (1987). The results 
were completed with bathymetric data gained through considering benthos Foraminifera.

Depth intervals were used in evaluation instead of absolute depth; these data 
can be supplemented by results from studying other groups of the fauna.,

Percentage distribution of plankton—benthos Foraminifera clearly and objec
tively displays water depth change trends, rates and directions. The bathymetric curve 
can yield important data for the reconstruction of the subsidence histories of Palae
ogene basins.

Introduction

Early investigations of recent sediments have shown that variability of benthos 
taxa due to life conditions may be a tool of water depth estimations. Unfortunately, 
application of this method is severely hindered by the extremely large amount of 
new taxa, produced by diagnostic uncertainties i.e. imprecise determination. Some 
authors consider (e.g. F. v a n  M o r k h o v e n  et al. 1986) that about 25,000 species 
may be invalid out of 30,000 ones described.

In our study we tried a method, which provided reliable data based on objec
tive methods, for the subsidence history of Palaeogene basins.

The method applied excludes the mistakes of taxonomic determinations 
(W r ig h t  1977, v a n  M a r l e  et al. 1987), and deepening and shallowing trends may 
be objectively described.

The method was applied for sediments containing pelagic plankton 
foraminifers. Earlier boreholes of the Hungarian Geological Institute, have pro
vided the material, enabling us to make an ecological reinterpretation (Fig. 1).

Our study is part of the project ’’Reconstruction of the subsidence histories of 
Hungarian Palaeogene basins, based on palaeoecological and bathymetric analysis



Fig. 1. Location of boreholes

of their molluscan, foraminiferal and ostracoda faunas” (Department of Geology, 
Roland Eötvös University, Budapest, No. 1202/3370113). The Eocene profiles were 
investigated by K. H o r v á t h - K o l l á n y i , while the Oligocène ones by Á. N a g y -  
G e l l a i .

Previous studies

Water depth estimations are usually based on modern analogies, but their ap
plication yields less and less precise results for older ages.

Different Foraminifera associations live under different environmental condi
tions. This fact can be used for water depth estimations; however, imprecise deter
mination of taxa put severe constraints on the possible application of this method. 
To improve this, F. v a n  M o r k h o v e n  et al. (1986) compiled an atlas of Cenozoic 
cosmopolitan benthos Foraminifera.

There are published observations on morphological changes with depth of 
foraminiferal genera and species (E. B o l t o v s k y — R. W r ig h t  1976, A. PUJOS—  
L a m y  1984, v a n  M o r k h o v e n  et al. 1986).

W. A. BERGGREN (1984) has observed changes in the deep marine benthos 
foraminiferal associations during Middle Eocene to Early Oligocene time due to 
gradual cooling of the climate. The end of the Early Oligocene is dominated by



Uvigerinida, Upper Eocene by Planulinida, Lower Oligocène by Siphonina and 
Sphaeroidina.

Further data for water depth estimation is provided by the analysis of thé ratio 
of plankton and benthos foraminifers occurring together in the sediment (F. B. 
Phleger I960, T. Grimsdale—F. van Morkhoven 1955, W. Murray 1973, R. G. 
Wright 1977, van  Marle et al. 1987, L. M. Bybell—T. G. Gibson 1985).

In Hungary Gy. LELKES (1970) studied the Middle Oligocène Kiscell Clay For
mation from Szépvölgyi road localities and interpreted the foraminiferal fauna 
after PHLEGER (1960). He concluded that inner and outer shelf environments alter
nated during the deposition of the Kiscell Clay Formation.

K. SZTRÁKOS (1979) subdivided the northeastern Hungarian Oligocène sedi
ments into infralittoral, circalittoral and epibathyal zones and gave depth intervals, 
too.

M. HORVÁTH (1980) described foraminiferal assemblages in the Hungarian 
Upper Oligocène and Lower Miocene and provided data on palaeoenvironment and 
depth of deposition.

M ethods

We have applied the water depth estimation methods of WRIGHT (1977) and 
VAN MARLEet al. (1987), complemented by data from the benthos foraminifers and 
other methods.

Wright’s (1977) model for bathymetric estimations is based on the percen
tage distribution of plankton foraminifers. He investigated 688 recent samples from 
known depths of open-marine sediments of normal salinity from all over the world. 
Percentage distribution of plankton foraminifers was plotted as a function of depth. 
The approximately exponential function is described by the following equation:

D  = e (0.42 P  + 3.48)t

where D = depth in metres and P = plankton percentage.
The same method was applied by van MaRLE et al. (1987) for recent sediments 

of the Eastern Indonesian islands. Thirty-six samples from 40—2119 m depth in
terval of the Australia—Irian Jaya continental margin were examined. The upper
most 1 cm of the sediment was sampled, then the samples were conserved is 60% 
ethanol and kept in cold-storage plant. After drying and washing through a 63 mi
crometre sieve the samples were dried out again and the plankton/benthos ratio was 
calculated from the 125 micrometre sieve aresidue. About 300—400 specimens 
were counted from each sample.

The ratios were plotted as a function of depth: the curve is similar to that of 
Wright’s but not coincident with it (Fig. 2):

D  _  e (0.061 P  + 1.25)

The difference in the parameters may be explained by the fact that the Wright



plankton

Fig. 2. Bathymetric curve based on the percentage of plankton Foraminifera 
I. Curve of VAN MARLE. II. curve of WRIGHT

model is based on open marine environment,while the van Marle model was 
developed at the continental margin.

The two methods mentioned above were used by us on pelagic sedimenjs con
taining plankton foraminifers.

Five hundred specimens were counted in the washed sieve residue, and the per
centage of the plankton foraminifers were calculated. Then the water depth was 
calculated by the equations of WRIGHT (1977) and van Marle et al. (1987). This 
method is very time-consuming, therefore the percentage of the plankton 
foraminifers was estimated in densely sampled sections. As the WRIGHT and van 
Marle curves indicate slightly different depths, this interpolating estimation prob
ably did not yield significant errors.

Investigation of Eocene profiles

Pelagic Eocene profiles were selected by their plankton foraminiferal contents.
Each figures display the stratigraphic column of the borehole, the age, the 

BOLLI (1972) zones, and the WRIGHT and v a n  Marle water depths.
The two water depth curves are similar but not identical. The difference is due 

to different depositional environments: Wright sampled an open marine environ
ment, while van MARLE sampled the continental margin. Applicability of the 
Wright model is constrained by the fact that a very wide environment was sampled 
resulting in a very variable material obtained. Environmental conditions strongly 
influence the distribution of plakton—benthos species, e.g.: decrease of salinity 
due to freshwater inflow, turbidity, slope transport, calcium carbonate dissolution, 
etc.
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Fig. 3. Bathymetric curve plotted upon borehole Bakonyszentkiraly 3 
1. Marl, 2. marl with siltstone, 3. clay-marK 4. hard sandstone. 5. marly sandstone, considerably glauconitic. 6. tuff, 

7. glauconitic marl, 8. coal, 9. pebble and conglomerate, 10. clay. 11. limestone, 12. marly limestone, 13. sandy 
calcareous marl. 14. sand, siltstone. 15. calcareous marl, 16. clayey fine sandstone, 17. andesite



Samples of VAN MARLE are from a more narrow area, from the Banda Arc; 
these are less scattered, — comparing to W r ig h t ’s data — due to less varied en
vironmental factors.

Precision of both methods is lowered by calcium carbonate dissolution at 
greater depths, yielding less plankton foraminifers embedded in sediments.

If the percentage of plankton is less than 5% or more than 95%, these models 
cannot be applied above 40 m depth, and below 1600 m depth, respectively, due to 
the inadmissible errors.

According to W r ig h t  (1977), the vertical circulation increases the relative 
amount of plankton foraminifers, causing oxygen depletoion in the lower water 
strata , which decreases the number of benthos foraminifers. This phenomenon of 
ascent or descent may have a role in the difference between the two models, as this 
phenomenon is missing from the W r ig h t  model, so the amount of plankton is less 
than compared to the v a n  M a r l e  model. In the v a n  M a r l e  model strong ascen
sion and descent was observed in the strict investigated area due to monsoon effect, 
increasing the amount of plankton (Fig. 2).

Since the investigated region in the Bakony Mts is somewhat different from the 
model areas, we use water depth intervals instead of absolute depth values, and 
complete them with other data resulting from the interpretation of benthos 
foraminifers.

Applying the methods outlined above, we have detected a gradual, rarely sud
den increase of depth in the Bakony szentkirály 3 borehole section (Fig. 3). Between
528.0 and 455.0 m there is slow increase of depth, reaching 60—80 m from 455.0 
to 425.0 m it is rapidly increasing to 200—400 m. The greatest depth (800—1000 
m) was verified by the samples from 425.0—390.0 m.

The column of borehole Balinka 285 does not show any significant depth of 
sea. An 50 to 70-m-deep environment is suddenly followed by a 100-m-deep one 
at 535.0 m. The greatest depth (150—200 m) was reached from 490.0 m upwards 
(Fig. 4).

In borehole Csetény 61 (Fig. 5) the one-time sea depth was checked up about 
50—100 m between 455.0 and 390.0 m, then 500—600 m up to 310.0 m; then sud
denly increased to 800—1000 m between 310.0 and 280.0 m. A slight decrease in 
depth is verified to have existed 280.0—270.0 m (500—600 m).

Benthos foraminifers also provide supplementary data. The species Bulimina 
jacksonensis C u s h m a n  (occurring between 420.0 and 415.0 m) lived in 30—600 m 
depth. Plankton foraminifes help to constrain this interval to 50—100 m depth.

The species Uvigerina havanensis C u s h m a n  et B e r m u d e z  (living from 600 to 
1000 m) and Nuttalides truempyi (N u t t a l l ) (living below 600 m) was found be
tween 303.0 and 280.0 m, indicating 800—1000 m depth together with a large num
ber of plankton Foraminifera v a n  M o r k h o v e n  et al. 1986).

The Devecser 4 borehole section (Fig. 6). contains the richest plankton 
foraminiferal fauna. The lowest part of the column (98.0—95.0 m) may have 
deposited in 200—300 m. From 95.0 m there is a slow, gradual subsdience up to
62.0 m. Here the sea gradually reached the depth of 600—800 m. The section be 
tween 61.0 and 46.0 m may have deposited in a 800 to 1000-m-deep sea.



Fig. 4. Bathymetric curve plotted upon borehole Balinka 285 
For explanations, see Fig. 3

In the lower part of the Halimba 1 borehole section (Fig. 7), between 80.0 and
40.0 m, plankton foraminifers indicate slow increase of depth (20 to 100 m). From
40.0 m upwards to the uppermost section of the borehole a relatively rapid, but even 
increase of depth is experienced by plankton foraminifers. Here from 100.0 m, a sea 
depth ranging from 800 to 1000 m is attested to.

The most detailed investigations were carried out on the cores of borehole 
Somlovasarhely 1( Fig. 8). The c. 170-m-thick Eocene profile contains plankton 
foraminifers throughout, so the figure clearly shows water depth changes. The 
lowermost part of the profile shows the most shallow and most nearshore features, 
while upwards the deep and open marine character, is getting stronger. The greatest 
depth was monitored between 640.0 and 590.0 m: c. greatest 800—1000 m. Then 
the depth is decreasing ¿gain.



Fig. 5. Bathymetric curve plotted upon borehole Cseteny 61 
For explanations, see Fig. 3

G ib s o n ’s ”tau” foraminifer-environmental index (BYBELL— GIBSON 1985) 
(Fig. 9) was calculated for the samples of borehole Somlovasarhely 1. The horizon
tal axis shows the ”tau” values (tau = percentage of plank'ton foraminifers multi
plied by the number of species in the samples), and the vertical one indicates the 
location of the sample in the borehole. Both axes are drawn on a logarithmic scale.



Fig. 6. Bathymetric curve plotted upon borehole Devecser 4 
For explanations, see Fig. 3

The largest ”tau” values are reached in the intervals of 635.0—647.0 m and 
591.0—602.0 m (tau = 15—23). The lowest values are in the lower part of the pro
file (tau = 1—2). The figure clearly indicates a gradual increase of depth: the basin 
reached its greatest depth between 590.0 and 640.0 m of the section.

Change of the ”tau” values within a profile shows the change in relative water 
level (increase or decrease of depth), but does not give absolute water depth data.



Fig. 7. Bathymetric curve plotted upon borehole Halimba 1 
For explanations, see Fig. 3

Investigation of Oligocene profiles

The investigated Oligocene profile do not contain as rich a plankton 
foraminiferal fauna as the Eocene ones do. Therefore supplementary data by ben
thos foraminifers were mostly considered for the construction of the water depth 
curve. Two boreholes were investigated: Esztergom 123 and Esztergom 20. The 
samples of borehole Esztergom 123 are from the 29.2—626.0 m interval, investi
gated in great details in 1987.

We determined that part of the cored section where deepest-water deposits 
have been found (500.0—464.0 m). These samples are richest in plankton 
foraminifers and, in turn, their benthos foraminifers are the richest in species. Six 
samples were selected and analysed. After decantation, we have got the number of 
plankton and benthos forms in the residue, than calculating the pertinent water 
depth upon the Wright and van M arle models. Within such a short distance (only 
36 metres between the smallest and largest values) such great change is surprising,



Fig. 8. Bathymetric curve plotted upon borehole Somlovasarhely 1 
For explanations, see Fig. 3



m

550 -

i + +++ '

T + 
+' +

+ +

+ + +

+ + +

10 15 20 25 Tau

Fig. 9. ’’Tau” Foraminifera-environmental index (borehole Somlovasarhely 1) 
Tau = percentage of plankton multiplied by number of species in the sample

because it implies great difference in water depth. Probably, here an environmental 
impect and not a difference in water depth can be involved. The change in en
vironmental effects is supported by a change of the sediment any material. There
fore the two side values in the curves were connected, and this was figured in the 
borehole log. The depths calculated from the VAN M arle model are very shallow. 
The depths calculated from the Wright model are more acceptable (Fig. 10). Since 
the van Marle model cannot be applied in this case, other models were also used.

After Phleger (1960), we have calculated:
— the ratio of plankton—benthos specimens,
— the percentage of agglutinated species compared to that of benthos species,
— the total number of species and
— the number of genera.

These data indicate the depth of the upper continental slope (100—1000 m). 
As it is a very large interval, it was precised by water depth data offered by some



1 --------  2 --------
Fig. 10. Depth distribution curves 

1. Curve of VAN MARLE, 2. curve of WRIGHT

genera and species. The study of A. P u jo s - L a m y  (1984) contains some forms com
mon with our fauna, which indicate epibathyal environment deeper than 250 m. 
These species are Tritaxia szabói (HANTKEN), Vulvulina div. sp., Vvigerina div. sp., 
Sig moil ina div. sp., Cassidulinidiae. In our samples there are large amounts of 
Uvigerina hantkeni C u s h m a n — E d w a r d s  and Tritaxia szabói (H a n t k e n ), and 
smaller amounts of Sigmoilina, Vulvulina, and Globocassidulina. V a n  M o r k h o v e n  
et al. (1986) write that Planulina costata H a n t k e n , Cibicidoides mexicanus (N u t - 
TALL), Heterolepa dutemplei (D’ORBIGNY) occur. All of them indicate major depths. 
The species Planulina costata is an upper to middle bathyal species (100—2000 m), 
and the Cibicidoides mexicanus (N l t t a i .E) is a middle neritic to upper bathyal one 
(30—600 m).

During our last year’s Foraminifera investigations we have plotted the water 
depth curve of borehole Esztergom 123, considering the data of the new methods 
(Fig. 11). Some cored sections do not contain plankton foraminifers therefore 
mostly benthos foraminifers were taken into account. The interpretation was helped 
by  the works of K . S z t r á k o s  (1979), H. R e ise r  (1987) and M . H o r v á t h  (1980).
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Fig. 11. Bathymetric curve plotted upon foraminifers from borehole Esztergom 123 
1. Fossil-free. 2. plankton—benthos percentage curve after the WRIGHT model (464,0—500.0 m). For further

explanations, see Fig. 3

The deepest part of the Esztergom 123 borehole section corresponds to a water 
depth of 500 m, if we accept the values calculated from the Wright model. The ap
plication of PHLEGER’s method, however, has resulted in the recording of a water 
depth of 100—1000 m. Comparing these with the data of A. PUJOS-LAMY (1984), the 
Tritaxia—Uvigerina—Globigerina assemblage should indicate depths below 250 m.



Fig. 12. Bathymetric curve plotted upon foraminifers from borehole Esztergom 20 
1. Plankton—benthos percentage curve after the VAN MARLE model. 2. after the WRIGHT model. For further

explanations, see Fig. 3.

Taking it all in all, the depositional depth for the Kiscell Clay must have been 250— 
500 m. This value is higher than those given by former authors (Gy. LELKES 1970, 
K. Sztrakos 1979, M. Horvath 1980). This greater depth is corroborated by the 
application of the method of modern analogies. Of course, these attempts to esti
mate the depth of water may involve several errors. More investigations are needed 
to prove its applicability, and the depth should be interpreted together with results 
by other fossil groups investigated.

The Esztergom 20 borehole section (a key borehole in the Dorog Basin), was



studied in 1960. Here we tried to determine the deepest-water interval upon 
foraminifers: it lies between 220.0 and 320.0 m.

The sequence is poor in plankton foraminifers. In this section, the maximum 
value is 25%. It indicates minor depths only. Therefore the water depth curve was 
plotted as based on benthos foraminiferal assemblages, indicating the values calcu
lated upon the plankton. Here we can clearly see that in the plankton/benthos ratio 
calculations the water-depth indicating role of the benthos foraminifers is ex
tremely important. It is especially important when the plankton percentage is very 
low. In the environment represented by the deepest part of the borehole section the 
Miliammina—Ammobaculites association had flourished in seashore lagoons. The 
deepening of the sea is indicated by the Rotalia—Nonion—Elphidium association. 
Latest observation have showed that Rotalias live in 10—30 m, and Elphidiums in 
100 m depth, respectively. The section between 460.0 and 344.0 m does not contain 
any foraminifers. The 'Tritaxia szabói—Uvigerina association indicate 200 m 
depth, in a deep sublittoral or deeper environment. The calculation of plank
ton/benthos ratio was made mostly for this section. The greatest water depth indi
cated by this borehole was about 220 m. Regarding the Spiroplectammina carinata 
association, the pertaining water depth may have been about 100—150—200 m, 
while the Rotalia—Nonion association indicates a depth less than 100 m. The ben
thos fauna from this borehole indicates 200—250 m. The low plankton percentage 
shows smaller depth, which may be attributed to several causes (Fig. 12).

Comparing the water depth curves plotted upon the two Esztergom boreholes 
we can observe a sudden deepening from the middle of the Kiscellian Stage. Follow
ing this steady depth a more gradual, and slower shallowing took place as long as till 
the end of the Egerian.
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