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Alginite, as a kind of oil shale, is derivable mainly from algal remains. We have 
investigated diatomaceous alginite deposits of four crater lakes formed in the tuff rings 
of. volcanoes operating 3 to 5 million years ago, drilled by boreholes in W Hungary.

The dominant species of the assemblage are limnobrackish, eutrophic, euryha- 
line periphyton species. Planktons play only a secondary role. The most common taxa 
belonged to the following genera: Anomoeoneis, Cocconeis, Cymbella. Fragilaria. Gom- 
phonema, Navicula. Chrysophyceae cysts, planktonic algae like Botryococcus, Phytoli
taria remains and siliceous spongae skeletons are characteristic elements in the as
semblage.

The diatomaceous sediment of the crater lakes was deposited in shallow, stag
nant water, with max. 3%o salt content, i.e. oligohaline and c. pH 7.6. The shallow 
water was very rich in higher, onshore vegetation as shown by Phytolitaria remains. 
The temperature of the sedimentation basin was 10— 12°C during Diatoma bloom, 
i.e. much higher than today.

On the basis of climate, water salt content. K/Ar radiometric data, diatoms 
characteristic for the Pliocene and extinct taxa the sediment was. deposited during 
the Pliocene, in the last oligohaline, brackish phase of the Upper Pannonian, just 
before it became freshwater.

In the Pliocene lake system of the Carpathian basin basaltic volcanoes built 
tuff-rings around the craters in Western Hungary and in the Balaton Highlands 
about 3—5 million years ago. The craters were filled by water and these maars har- 

. bour alginite deposits.
Alginite is a kind of oil shale, made up mainly by algal remains. In Hungary, 

in the West there are four such maartype alginite deposits known (Fig. 1) (A. JÁM
BOR— G. SOLTI 1975). Inside the tuff-rings shallow lakes, rich in nutrients were 
born. Pollens, spores from the encircling rich marsh and mountain vegetation (E. 
NAGY 1978) remains of the temporarily blooming diatoms and Botryococcus braunii 
KÜTZ. algae filled up the lakes quite quickly.

In the shallow-water biotope a papery thin, lanimated rock, alginite was 
deposited. A single rock plate is equivalent to the period of a temporary algal bloom 
(Fig. 2) (G. SOLTI 1987, C. F, Knutson; et al. 1.986).



The crater lakes were separate units of quiet waters, their changes in micro- 
floral assemblages were investigated in alginite sediments of borehole sequences (M. 
Hajós 1976, 1977):

Pula 3 2.0—36.8 m 12 samples
Gérce 1 55.0—85.0 m 13 samples
Egyházaskesző 5 39.0—40.0 m 5 samples
Várkesző 1 43.0—71.0 m 21 samples

Fig. 1. Oil shale (alginite) occurrences in Hungary—maar type volcano with alginite. Pula. Gerce. Egy- 
hazaskeszo. Varkeszo (after G. SOLTI 1 987)

open water dense

Fig. 2. Oil shale formation in a volcanic crater (after G. SOLTI 1987)



Sampling was not continuous but partly intermittent, partly spot. That is why 
ecological changes could be followed up mainly as tendencies, based on assemblage 
changes.

Rock samples were investigated after HC1, H2SO4 and HNO3 treatment and 
sedimentation in distilled water. The diatom slides were made by using ’’Hyrax”. 
The assemblage was evaluated in numbers and percentage.

The assemblages contained mainly diatom rests, unicellar siliceous cysts. Chry- 
sophyceae, Phytolithariae from higher plants (M. Hajos 1968) and the spiculae of 
siliceous sponges Porifera, together with a lot of pollen, spores and the planctonic 
alga Botryococcus braunii Kutz . The palaeoecological and palaeogeographical sit
uation was reconstructed based on diatoms.

When comparing occurrences it is striking that the diatom flora in all four sites 
appears and enriches gradually through participation of periphytic taxa during the 
initial phase of alginite deposition (Fig. 3). As life proceeded in the lake the species 
dominance changed significantly. Diatoms became extinct temporarily or finally, 
depending on eutrophisation in the lake. In the sequences clayey marl, dolomitic 
marl, carboniferous alginite, carboniferous bentonite and even top layers of the 
alginite are free of diatoms (Fig. 4).

Diatoms may have become extinct due to changes in sedimentation, pH or in
creased eutrophisation. Life in maars had only one cycle.

The diatom assemblage is well preserved, as to number of species and individu
als those from Pula and Varkeszo are the richest. On the base of changes in the 
assemblage we concluded 5—7 small changes in floral association, except the 
Egyhazaskeszo occurrence where the dialomaceous alginite layer is less than 2- 
m-thick. Changes in taxonal composition as to species and numbers at the sites 
Pula, Gerce, Varkeszo it was strinking and reflected floral change e.g. the occur
rence of Scoliopleura peisonis GRUN. reflecting increased salinity. In this case 
salinity my have exceeded 5%e, i.e. oligohaline (HUSTEDT 1930, p.338), (G. Szemf.s 
1959, p. 333). In the Gerce sequence e.g. a different biofacies was indicated in the 
upper zones of the alginite sequence by mass occurrences of planktonic Chaeto- 
ceros mulleri Lemm. statospores.

Besides smaller local assemblage changes the four crater lakes in West Hungary 
seems to have existed near parallel in time and in their development. By using dia
toms it was possible to reconstruct the general ecological conditions of that time.

The most striking feature of the assemblage is the rich diatoms association. 
From the detailed investigation of 51 samples 88 diatom species were found, using 
the nomenclature of van Laudingham (1967—1971). The ecological data were 
based on literature of recent species (F. HUSTEDT 1930). Except some species these 
diatoms exist even today. Pennatae are dominant. Shallow water, epiphytic species 
are characteristic, as Cocconeis, Cymbella, Achnantes, Gomphonema, Epithemia, 
Rhopalodia, etc. Benthic taxa belong to the genera Amphora, Achnantes, Navicula, 
Pinnularia, Epithemia, Gomphonema, Surirella.

Calcophylic species suggest that the water may have been calcareous.
The evaluation showed that the water may had a pH of 6.5—8.5, in average 7.6,

i.e. slightly basic.
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Temperature may have been around 10—12°C. With regard to the season of di
atom bloom which is early spring or late autumn, the area may have had a warm 
but temperate climate, collaborated by palynological investigations (E. Nagy 1978).

Euryhaline, detritic species occur en mass in the assemblage halophobic spe
cies are missing.

As to salinity one has to regard Hustedt’s statement, i.e. by increasing salinity 
euryhaline limnobrackish species grow bigger, such as Anomoeoneis sphaerophora, 
Fragilaria construens, F. pinnata become shorter and broaden in the middle. Ac
cording to data of A. Remane—C. Schuepper (1958, p. 91) salinity may have been 
3%o. In the view of REDEKE and KOLBE it may have been oligohaline limnobrackish 
with 0.5—3%c. Species suggesting limnobrack environment are Diploneis ovalis, 
Navicula oblonga, Anomoeoneis sphaerophora, Epithemia sorex and E. turgida, 
dominant in some samples.

Summarizing the palaeoecological and phylogenetic data of diatoms, the deposi- 
tional basin was covered by shallow water of a few meters deep, during the ex
amined period of sedimentation.

Similar assemblage of diatoms has been indicated in the Soviet literature (K.
S. PORETZKIJ 1953, p. 63) on the basis of sediments found near the village Arzni in 
Armenia. PORETZKIJ has shown a great number of species being identical with the 
diatomaceous flora of the Hungarian Neogene (J. PANTOCSEK 1886— 1905) and with 
the Upper Pliocene deposits of Germany (KRASSKE 1932, 1934), the latter from the 
regions of Hannover and Hessen, stating that the diatomaceous deposits at Arzni 
were formed during the Late Pliocene or, possibly, during the Quternary.

A similar, although late Pleistocene assemblage of diatoms has been reported 
from Trempealeau Valley in Wisconsin North America. (W. A n d r e w s  1966).

Based on our microflora analyses we can state, in sum, that the examined sec
tion of sedimentation was formed in eutrophic, shallow, stagnant water with max. 
3%c salt content, i.e. oligohaline and a pH of about 7.6. The shallow water was very 
rich in onshore vegetation of higher order as shown also by the Phytolitaria re
mains. The temperature of water in the sedimentary basin was 10—12°C during 
the Diatoma bloom, i.e. the climate may have been warm temperate, much warmer 
than today.

According to the climate, the salt content of water, the K/Ar radiometric age 
dates and the species characteristic of the Pliocene, together with the extinct spe
cies, the drilled and studies diatomaceous formations must have deposited during 
the last, brackish-water, oligohaline phase of the Late Pannonian, just before it be
came freshwater. The numerical evaluation and comparison of diatoms of the four 
occurrences allow us to draw the conclusion that the environmental conditions of 
the concerned four crater lakes, although being of the same age, were not completely 
identical during the formation of alginite.

Acknowledgement

I express my due thanks to professor M. KRETZOI. Budapest, for his critical reviewing my man
uscript and to Á. JÁMBOR and G. SOLTI for enabling me to use their samples.



REFERENCES

ANDREWS W. 1966: Late Pleistocene Diatoms from the Trempealeau Valley. Wisconsin. — Geol. 
Surv. Prof. Paper 523-A.: 1—27. Washington.

HAJÓS M. 1968: Magyarországi neogén Phytolithariák — Földi. Int. Évi Jel. 1966-ról: 225—240.
HAJÓS M. 1976: A pulai Put-3. sz. fúrás felsőpannóniai képződményeinek diatoma flórája. — Földi. 

Int. Évi Jel. 1974-ről: 263—285.
HAJÓS M. 1977: A Várkesző (Vkt)-l .  sz fúrás földtani adatai. — Földi. Int. Adattár. 1864. Manu

script.
HUSTEDT F. 1930: Bacillariophyta (Diatomeae). In A. PASCHER: Die Süsswasser-Flora Mitteleuropas 

(10): 1—466. Jena.
JÁMBOR Á.—SOLTI G. 1975: Geological conditions of the Upper Pannonian oil-shale deposits re

covered in the Balaton Highland at Kemeneshát. — Acta Min. Petr. Szegediensis. 22: 9—28.
KNUTSON C. F.—DANA G. F.—SOLTI G. et al. 1986: Developments in Oil Shale in 1986. — AAPG 

Bulletin, World Energy Developments. 71 (10/B): 374— 383. Tulsa. Oklahoma.
KRASSKE G. 1932: Die Diatomen aus dem Oberpliozän von Willershausen. — Archiv für Hydrobio

logie. 24: 431—448. Stuttgart.
KRASSKE G. 1934: Die Diatomeenflora der hessischen Kieselgurlager. — Akad. W'iss. Math. Natur- 

wiss. 5: 1—26. Heidelberg.
NAGY E. 1976: A dunántúli olajpala-kutató fúrások rétegsorának palynológiai vizsgálata. — Föleit. 

Int. Évi Jel. 1974-ről: 247—261.
PANTOCSEK J. 1896— 1905: Beiträge zur Kenntniss der fossiles ßacellarien Ungarns. 1 — 3. Nagy- 

tapolcsány-Pozsony.
PORETZKIJ K. S. 1953: Fossildiatomeen des Nurnuss und Arzni Erewanbezirks der Armensch'en SSR. 

— Diatomeensbornik. : 55— 106. Leningrad.
REMANE A.—SCHLIEPPER C. 1958: Die Biologie des Brackwassers. In A. THIEMANN: Die Binnen

gewässer. 22: 1—348. Stuttgart.
SOLTI G. 1987: Az alginit. — Földt. Int. Alk. Kiadv.
SZEMES G. 1959: Die im Szelider See lebenden Algen (Exc. Bacillariophyceen). In E. DONÁSZY 

(ed.): Das Leben des Szelider Sees. :290—425. Budapest.
VAN LANDINGHAM R. L. 1967— 1971: Catalogue of the fossil and recent genera and species of 

diatoms and their synonyms. 1—4 : 1—2385. Lehre.



1— 3.
4—6.
7—9.

10.
11— 13.

14.
15.
16. 

17— 18.
19.
20. 

21. 
22.

23.
24.
25.
26 .

27.
28. 
29.

30—32.
33.

Plate I

Chaetoceros muelleri Lemm.
Coscinodiscus jámbort Hajós 
Fragilaria pinnata EHR.
F. construens (EHR.) GRUN.
F. estherae Hajós 
Cocconeis placentula Ehr.
Amphora ovális KÜTZ.
Nitzschia sinuata (Thwaites? W. Smith.) Grun . var. tabellaría G run . 
Epithemia zebra (Ehr.) Kütz.
Cymbella austríaca Grun. var. fossilis Pá n t .
N. hungarica Grun .
Cymbella vént rico sa Ao? (KÜTZ.) KÜTZ.
Anomoeoneis costata (KÜTZ.) HÚST.
Navícula radiosa KÜTZ.
Gomphonema lanceolatum Ehr.
Epithemia túrgida (Ehr.) Kütz . var. westermannii (Ehr.) Grun . 
Cymatopleura solea (Bréb.) W. Sm .
Camegia johannis AND.
C. forcipata FRENG.
Clerícia erinacea Freng.
Phytolithariae 
Botryococcus braunii Kütz.
Fragment of the colony






