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Í. Îãíÿíîâà-Ðóìåíîâà, Ì. ßíåâà, Ã. Íèêîëîâ — Íåîãåíîâûå îçåðíûå áàññåéíû â Þãî-Çà-
ïàäíîé Áîëãàðèè — áèîñòðàòèãðàôèÿ, ïàëåîýêîëîãèÿ è âçàèìîîòíîøåíèÿ äèàòîìåé.
Âïåðâûå ñäåëàíî âîññòàíîâëåíèå ýâîëþöèè ïðåñíîâîäíûõ äèàòîìåé è ìåõàíèçìà èõ ðàñ-
ïðåäåëåíèÿ â íåîãåíîâîé îçåðíîé ñèñòåìå Þãî-Çàïàäíîé Áîëãàðèè. Îñíîâíàÿ öåëü ðàáîòû
­ îïðåäåëåíèå îñíîâíûõ ýòàïîâ â ýâîëþöèè ìèî-ïëèîöåíîâûõ äèàòîìåéíûõ ôëîðèñòè÷åñ-
êèõ àññîöèàöèé, ðàçâèâàâøèõñÿ â ãðàáåíîâûõ ñòðóêòóðàõ ðåãèîíà. Äëÿ îñóùåñòâåëíèÿ ýòîé
öåëè èñïîëüçîâàëèñü ïàëåîíòîëîãè÷åñêèå, áèîñòðàòèãðàôè÷åñêèå, ìèíåðàëîãè÷åñêèå, ïåò-
ðîëîãè÷åñêèå è ñåäèìåíòîëîãè÷åñêèå äàííûå. Ïðèâåäåíà õàðàêòåðèñòèêà ìàòåðèàëà èç
îáíàæåíèé è áóðîâûõ ñêâàæèí îêîëî ñåë Ñòàíÿíöû, Áåëè áðÿã è ×óêóðîâî, ðàéîíà Ñîôèè,
Ïàëàêàðèéñêîé äîëèíû, Êîñòåíåöêîãî ðàéîíà, ðàéîíîâ îêîëî ãîðîäîâ Ðàçëîã, Ñèìèòëè è
Ñàíäàíñêè, Ñòðóìåøíèöêîé äîëèíû, ã. Ãîöå Äåë÷åâ, Ñàòîâ÷àíñêîãî áàññåéíà è Âûëêîñåë-
Òóõîâèöñêîé äåïðåññèè. Ñäåëàíî îïèñàíèå 660 äèàòîìåéíûõ âèäîâ, ðàçíîâèäíîñòåé è ôîðì.
Ýòî óäèâèòåëüíîå ðàçíîîáðàçèå ñîïîñòàâèìî ñ ìîðñêèì áèîëîãè÷åñêèì ðàçíîîáðàçèåì
âîñòî÷íîãî Ïàðàòåòèññêîãî çàëèâà íà òåððèòîðèè Ñåâåðî-Âîñòî÷íîé Áîëãàðèè âî âðåìÿ
ìèîöåíà (546 âèäîâ, ðàçíîâèäíîñòåé è ôîðì). Ñàìûå ðàííèå îçåðíûå äèàòîìåè Þãî-Çà-
ïàäíîé Áîëãàðèè óñòàíîâëåíû â ñðåäíåìèîöåíîâûõ ïîðîäàõ Ñèìèòëèéñêîãî áàññåéíà (Ñè-
ìèòëèéñêàÿ ñâèòà), à âîçðàñò ñàìûõ ìîëîäûõ — ðàííåïëèîöåíîâûé. Â ýâîëþöèè è ðàñïðå-
äåëåíèè óñòàíîâëåííûõ öåíòðè÷åñêèõ âèäîâ ñðåäíèìèîöåíîâûõ — ïëèîöåíîâûõ äèàòîìåé
ìîæíî âûäåëèòü òðè îñíîâíûõ ýòàïà. Àíàëèç äèàòîìåé, äîïîëíåííûé ñòðóêòóðíûìè è
ãåîäèíàìè÷åñêèìè èññëåäîâàíèÿìè ìîæåò âûÿâèòü âëèÿíèå ðàçíûõ ôàêòîðîâ ïàëåîýêîëî-
ãè÷åñêîé îáñòàíîâêè íà ðàçâèòèå äèàòîìåéíîé ôëîðû. Àâòîðàìè óñòàíîâëåíî, ÷òî ïèòà-
òåëüíîñòü ñðåäû, óðîâåíü ñîëåíîñòè áàññåéíîâ, òåìïåðàòóðà è èçìåíåíèÿ ãëóáèí îçåðíîãî
áàññåéíà â çíà÷èòåëüíîé ñòåïåíè êîððåëèðóþòñÿ ñ îñîáåííîñòÿìè äèàòîìåéíûõ àññîöèà-
öèé, óñòàíîâëåííûõ íà îñíîâàíèè ëèòîñòðàòèãðàôè÷åñêèõ è áèîñòðàòèãðàôè÷åñêèõ èññëå-
äîâàíèé è â ðåçóëüòàòå ïðèëîæåíèÿ ðàçíûõ ñòàòèñòè÷åñêèõ ìåòîäîâ. Ïðåäëîæåííàÿ çàêëþ-
÷èòåëüíàÿ ìîäåëü Ñîôèéñêîãî áàññåéíà ìîæåò îêàçàòüñÿ ïîëåçíîé ïðè îïèñàíèè êîëîíè-
çàöèè äèàòîìåé â îçåðíûõ áàññåéíàõ Þãî-Çàïàäíîé Áîëãàðèè.

Abstract. Modeling of the evolution of freshwater diatoms and the mechanism of their distribu-
tion in the Neogene lake system in Southwestern Bulgaria is accomplished for the first time. The
main purpose is the determination of the major stages in the evolution of the Mio-Pliocene
diatom floras developed in the graben structures in this realm. Various data were used for the
realization of this purpose: palaeontological, biostratigraphical, mineralogical, petrological and
sedimentological. Outcrops and core drills from Stanitsi, Beli Breg, Sofia, Chukurovo, Palakaria,
Kostenets, Razlog, Simitli, Sandanski, Strumeshnitsa, Gotse Delchev, Satovcha Basins and Val-
kosel-Tuhovitsa depression were characterized. In total, 660 diatom species, varieties and forms
have been described from these lake systems. This surprisingly high diversity is even comparable
with marine biodiversity for the Eastern Paratethyan Bay on the territory of Northeastern Bulgar-
ia (546 species, varieties and forms) during the Miocene. The oldest known lacustrine diatoms
from the sediments in Southwestern Bulgaria are Middle Miocene in age (Simitli Basin — Simitli
Formation), the youngest — Early Pliocene. Three major stages in the evolution and distribution
of centric diatom genera can be distinguished during Middle Miocene-Pliocene. Diatom analy-
ses, complemented by structural and geodynamic investigations could demonstrate the impact of
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different palaeoenvironmental factors on the development of the diatom flora. We found that
the process of nutrient levels, the salt content, temperature and the changes in the depth of the
lake correlated significantly with patterns in the diatom assemblages, based on complex of lithos-
tratigraphic and biostratigraphic investigation, as well as different statistical techniques. The in-
ference model of Sofia Basin could be useful in describing the colonization of diatoms in the
lacustrine basins on the territory of Southwestern Bulgaria.

Ognjanova-Rumenova, N., Yaneva, M., Nikolov, G. 2007. Neogene Lake Basins in South-
western Bulgaria — biostratigraphy, palaeoecology and diatom floristic interrelations. —
Geologica Balc. 36, 3—4; 57—61.

Key words: diatom biostratigraphy, palaeolimnology, Middle Miocene-Early Pliocene,
Southwestern Bulgaria.

Introduction

The distribution of diatom species in space and time
has long been a focus of a descriptive and applied
diatom studies (Edlund, Jahn, 2001). Freshwater di-
atom biogeography has been neglected as a scientif-
ic subject. Across the world there is a prevailing view
that freshwater algae are cosmopolitan. The notion
has seldom been tested and is unlikely to be true in
genetic terms. Nonetheless, some morphospecies of
several groups of algae do have a worldwide distri-
bution. Others have restricted distribution and may
be regarded as endemic to a region. However there is
always the possibility that they will be discovered in
far away places (Tyler, 1996). The Eastern European
freshwater systems of Neogene are all characterized
by outstanding endemism of diatom species (Ogn-
janova-Rumenova, 1996; Temniskova-Topalova,
Ognjanova-Rumenova, 1997; Ognjanova-Rumeno-
va, Metzeltin, 2006; Lange-Bertalot, Metzeltin, 2006;
Ognjanova-Rumenova, 2006; Ognjanova-Rumeno-
va, Krstic, in press; Ognjanova-Rumenova, Dumur-
džanov, in press). As the material is fossil and spec-
imens are sparsely distributed, identifications very
often are made from limited numbers.

Modeling of the evolution of freshwater diatoms
and the mechanism of their distribution in the gra-
ben structures in Southwestern Bulgaria is accom-
plished for the first time. This paper represents a
partial result of the project NZ 903/1999 ‘Model of
the evolution and colonization of lacustrine diatoms
in continental basins in Southwestern Bulgaria dur-
ing the Miocene’.

Materials and methods

Numerous samples of lacustrine diatom-bearing de-
posits were collected from 13 Neogene basins in
Southwestern Bulgaria (Fig. 1). Some samples were
from outcrop material, but the majority  were from
core-drills. The chronology of diatom-bearing sedi-
ments in the study region is based both on absolute
ages and more often on the stratigraphical and palae-
ontological records (pollen, macroflora remains, mol-
lusks, ostracods and mammals).

The samples for diatom analysis were cleaned
according to the method described by Îãíÿíîâà-
Ðóìåíîâà (1991). The relative abundance of diatoms
was estimated by the Schrader’s scale (Schrader 1973).
Preparation for scanning electron microscopy fol-
lowed Hasle & Fryxell (1970) and samples were ex-
amined with a Jeol Superprobe 733 and Jeol JSM
T300. Ecological spectra were composed on the ba-
sis of studies of recent diatoms by the method of
Abbott & Van Landingham (1972). The basic envi-
ronmental factors interpreted in the palaeoecologi-
cal analyses were the active water reaction (pH), tem-
perature, trophic state, type of habitat and salinity.
Index B was used to assess trends in acidification
and to derive equations for inferring lake-water pH
(Renberg & Hellberg 1982). The extent of diatom
preservation provided additional information about
palaeoenvironmental change (Flower 1993). The per-
centage ratio of diatom frustules to chrysophycean
stomatocysts was applied as an index of trophic sta-
tus (Smol 1985).

Principal Component Analysis (PCA) was used to
summarize the major patterns of variation of the data.
The ordination was implemented by the computer pro-
gram CANOCO 4.0 (ter Braak & Šmilauer 1998).

Results and discussion

In the nonmarine setting, diatom-bearing sediments
occur in lacustrine environments that are rich in
nutrients for diatom growth, are not excessively alka-
line, and do not have a steady influx of terriogenous
material. We found diatom-rich claystone and silt-
stone, as well as diatomites  at several localities in
Sofia, Beli Breg, Palakaria, Kostenets, Simitli, Gotse
Delchev, and Satovcha Basins (Fig. 1). The other lo-
calities in Stanitsi, Chukurovo, Razlog, Sandanski,
Strumeshnitsa, and Valkosel-Tuhovitsa Basins are
barren of diatoms.

In total, 660 diatom species, varieties and forms
have been described from these lake systems. This
surprisingly high diversity is even comparable with
marine biodiversity for the Eastern Parathetyan Bay
on the territory of Northeastern Bulgaria (546 spe-
cies, varieties and forms) during the Miocene (Òåì-
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Fig. 1. Schematic map of Southwestern Bulgaria with location of the sample sites

List of diatom sample localities:
Sofia Basin, Novi Iskar Formation, core-drills: C-1; C-14; C-20; C-47; C-51; C-52; C-1032; C-1113;
C-1127; C-1128.
Beli Breg Basin, Kaisiinitsa Formation, outcrops.
Stanintsi Basin, Belozem and Zainitsa Formations, outcrops.
Chukurovo Basin, unnamed unit, outcrop.
Palakaria Basin, Alino Formation, outcrop and core-drills: C-225, C-329.
Kostenets Basin, Gabrovitsa Formation, core-drills: C-2; C-3.
Simitli Basin, Simitli Formation, core-drills: C-177, C-187.
Razlog Bazin, Godlevo Formation, outcrop.
Strumeshnitsa Basin, unnamed unit, outcrops.
Sandanski Basin, Delchevo, Sandanski and Kalimantsi Formations, outcrops.
Gotse Delchev Basin, Baldevo Formation, core-drills: C-10, C-14, C-23, C-28, C-31; C-32, out-
crops, open coal mine “Kanina”, Nevrokop Formation, outcrops.
Satovcha Basin, Sivik Formation, outcrop
Valkosel-Tuhovitsa depression, Tuhovishta and Slashten Members, Valkosel Formation, outcrops.

íèñêîâà-Òîïàëîâà, 1994). The diversities and flo-
ristic composition of these lake systems display inter-
esting patterns. Until now the development of the
different planktonic genera of class Centrophyceae
is very important in diatom biostratigraphic subdivi-
sion. They are more useful for biostratigraphy than
are benthic diatoms, which have a more localized
distribution determined by depth, substrata, etc.

The Family Aulacoseiraceae has the oldest fossil
record among the freshwater diatoms (Ambwiani et
al., 2003), implying that it was the first to cross the
marine-freshwater ecotone in the Cretaceous. The
group appears to have two surges of genus-level di-
versification during its history: first — in the Eocene
with genus Eoseira, and second in the Oligocene-
Miocene with Miosira, Alveolophora, and Pseudo-
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alulacoseira (Wolf, Edlund, 2005). Curiously, it is
only the oldest of these genera, Aulacoseira, that has
survived to the present. Additional phylogenetic anal-
yses, including the full range of  Miocene Aulaco-
seroid diversity are needed to fully elucidate the evo-
lutionary relationships in this important freshwater
group. In our material most of the species, belonged
to genus Aulacoseira, were investigated by scanning
electron microscope. All data, connected with ri-
moportulae — variation in form, number, position
on the valve mantle and ringleist could be used in
species determination, taxonomy and evolution
(Crawford, Likhoshway, 1998; Likhoshway, Craw-
ford, 2001).

A key for the determination of the extinct genera
belonged to family Stepahnodiscaceae is composed,
based on morphological evolution. Pattern of the
morphological evolution can be described by change
of the cribrum position in areola; change of stria
morphology; change of the strucrture of marginal
fultoportulae on the valve mantle; change of the
number of rimoportulae. The newly described genus
Tertiariopsis was also included in the biochronolog-
ical scheme (Khursevich et al., 2002).

Generally, the lake diatom flora may be divided
into ‘Actinocyclus’ and ‘Aulacoseira’ dominated ones
(Temniskova-Topalova, Ognjanova-Rumenova,
1997), but this scheme has been developed, because
recently different diatom genera and species, be-
longed to class Centrophyceae have been newly de-
scribed. The main stages in the biochronological
scheme in the region of the Balkan Peninsula was
published previously (Ognjanova-Rumenova, 2000).

The oldest known lacustrine diatoms from the sed-
iments in Southwestern Bulgaria are Middle Miocene
in age (Simitli Basin — Simitli Formation), the young-
est — Early Pliocene. Three major stages in the evolu-
tion and distribution of centric diatom genera can
be distinguished during Middle Miocene-Pliocene:

1) the Middle Miocene stage — ancient represen-
tatives of Aulacoseira, Ellerbeckia, Melosira and Ac-
tinocyclus;

2) the Late Miocene stage — active development
of Actinocyclus, Aulacoseira, and accompanying spe-
cies of Concentrodiscus, Thalassiosira, Hyalodiscus,
Mesodictyon Tertiariopsis and systematic diversity of
Cyclotella and Stephanodiscus;

3) the beginning of Pliocene stage — dominance
of Cyclotella, Stephanodiscus, Aulacoseira, some Cyc-
lostephanos and  Pliocaenicus species. Species of Ac-
tinocyclus disappeared;

The applicability of fossil diatom thanatocoenos-
es to assist in Neogene stratigraphy is dependant on
palaeoenvironmental changes in the lake history. Di-
atom analyses, complemented by structural and geo-
dynamic investigations could demonstrate the impact
of different palaeoenvironmental factors on the de-
velopment of the diatom flora. Complex lithostrati-
graphic and biostratigraphic investigation of diatoms,
chrysophycean stomatocysts, and mollusk fauna was
performed on a borehole C-14, from peripheral zone
of the Sofia Basin, where the sedimentation process
had been the longest (Ognjanova-Rumenova et al.,
2008). Different statistical techniques were used to
combine all palaeontological, biostratigraphical, min-
eralogical, petrological and sedimentological data for
this model core ­ Detrended Correspondence Anal-
ysis (DCA), Canonical Correspondence Analysis
(CCA) and Partial Canonical Correspondence Anal-
ysis (ÐÑÀ). We found that the process of nutrient lev-
els, the salt content, temperature and the changes in
the depth of the lake correlated significantly with
patterns in the diatom assemblages. Three different
trophic phases could be recognized in the sediment
deposition of Novi Iskar Formation, Sofia Basin. This
inference model may be useful in describing the col-
onization of diatoms in the lacustrine basins on the
territory of Southwestern Bulgaria.
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Ðåçþìå. Í. Îãíÿíîâà-Ðóìåíîâà, Ì. ßíåâà, Ã. Íèêîëîâ — Íåîãåíñêè åçåðíè áàñåéíè â Þãî-
çàïàäíà Áúëãàðèÿ — áèîñòðàòèãðàôèÿ, ïàëåîåêîëîãèÿ è ôëîðèñòè÷íè äèàòîìåéíè âçà-
èìîîòíîøåíèÿ. Ìîäåë íà åâîëþöèÿòà è ìåõàíèçìúò íà ðàçñåëâàíåòî íà êðåìú÷íèòå âîäî-
ðàñëè â íåîãåíñêàòà åçåðíà ñèñòåìà íà Þãîçàïàäíà Áúëãàðèÿ ñå ïðåäñòàâÿ çà ïúðâè ïúò.
Îñíîâíà öåë å äà ñå ðàçãðàíè÷àò ãëàâíèòå åòàïè â åâîëþöèÿòà íà ìèî- ïëèîöåíñêèòå äèàòî-
ìåéíè ôëîðè, ðàçâèâàëè ñå â ãðàáåíîâèòå ïîíèæåíèÿ íà òåðèòîðèÿòà íà Þãîçàïàäíà Áúëãà-
ðèÿ. Èçïîëçâàíè ñà ðàçíîîáðàçíè äàííè — ïàëåîíòîëîæêè, áèîñòðàòèãðàôñêè, ìèíåðàëîãî-
ïåòðîãðàôñêè è ñåäèìåíòîëîæêè. Îïèñàíè è îïðîáâàíè ñà ðàçêðèòèÿ è ñîíäàæè íà Ñòàíèí-
ñêè, Áåëîáðåæêè, Ñîôèéñêè, ×óêóðîâñêè, Êîñòåíåöêè, Ïàëàêàðèéñêè, Ðàçëîæêè, Ñèìèòëèé-
ñêè, Ñàíäàíñêè, Ñòðóìåøíèøêè, Ãîöå Äåë÷åâñêè, Ñàòîâ÷àíñêè áàñåéí è Âúëêîñåë-Òóõî-
âèøêî ïîíèæåíèå. Óñòàíîâåíàòà äèàòîìåéíà ôëîðà å ìíîãî áîãàòà — 660 âèäà, âàðèåòåòà è
ôîðìè, è òîâà èçêëþ÷èòåëíî ðàçíîîáðàçèå ìîæå äà ñå ñðàâíè ñàìî ñ èíòåðåñíàòà  ìîðñêî-
áðàêè÷íà äèàòîìåéíà ôëîðà îò ñåäèìåíòèòå íà Åâêñèíñêèÿ áàñåéí, Ñåâåðîèçòî÷íà Áúëãà-
ðèÿ. Îïðåäåëåíè ñà òðè åòàïà â ðàçâèòèåòî íà ïëàíêòîííèòå ðîäîâå îò êëàñ Centrophyceae
ïðåç ìèî- ïëèîöåíà: 1. ñðåäåí ìèîöåí ­ äðåâíè ïðåäñòàâèòåëè íà Aulacoseira, Ellerbeckia,
Melosira, Actinocyclus; 2. êúñåí ìèîöåí ­ ìàñîâî ðàçâèòèå íà Aulacoseira è Actinocyclus, ïðè-
äðóæàâàùè âèäîâå îò ðîäîâåòå Concentrodiscus, Thalassiosira, Hyalodiscus, Mesodictyon,
Tertiariopsis è ïîÿâà íà Cyclotella è Stephanodiscus; 3. ðàíåí ïëèîöåí ­ äîìèíèðàíå íà âèäîâå
îò ðîäîâåòå Cyclotella, Stephanodiscus è  Aulacoseira, ïîÿâà è ðàçâèòèå íà Cyclostephanos è
Pliocaenicus. Ðîä Actinocyclus èç÷åçâà. Ïðåç êúñíèÿ ìèîöåí è ðàííèÿ ïëèîöåí ñåìåéñòâî
Stephanodiscaceae å ïðåäñòàâåíî îò èíòåðåñíè ðîäîâå, èçâåñòíè ñàìî âúâ ôîñèëíî ñúñòîÿ-
íèå è èìàùè âàæíî áèîñòðàòèãðàôñêî çíà÷åíèå ­ Concentrodiscus, Mesodictyon, Tertiariopsis
è Pliocaenicus. Èçïîëçâàéêè ñðàâíèòåëíàòà òàêñîíîìèÿ å ñúçäàäåí êëþ÷ çà òÿõíîòî îïðåäå-
ëÿíå. Òîé ñå îñíîâàâà íà ìîðôîëîãè÷íàòà åâîëþöèÿ íà ÷åðóïêàòà è îáõâàùà ñëåäíèòå
õàðàêòåðèñòèêè: ôîðìà íà ÷åðóïêàòà è äúíîòî; ðàçïîëîæåíèå íà àðåîëèòå, èçðàñòúöèòå ñ
îïîðà, ëàáèàòíèòå èçðàñòúöè, è ñòðîåæ íà àëâåîëèòå. Êîìáèíèðàíåòî íà äèàòîìåéíèÿ àíà-
ëèç ñúñ ñòðóêòóðíè è ãåîäèíàìè÷íè èçñëåäâàíèÿ äàâà âúçìîæíîñò äà ñå ïðîñëåäè âëèÿíè-
åòî íà ïàëåîåêîëîãè÷íèòå ôàêòîðè âúðõó ðàçâèòèåòî íà äèàòîìåéíàòà ôëîðà. Ïðèëîæåíè
ñà ðàçíîîáðàçíè ñòàòèñòè÷åñêè òåõíèêè, çà äà ñå îáåäèíÿò âñè÷êè äàííè (ïàëåîíòîëîæêè,
áèîñòðàòèãðàôñêè, ìèíåðàëîãî-ïåòðîãðàôñêè è ñåäèìåíòîëîæêè) ïðè ïðîâåäåíèÿ ïàëåî-
åêîëîãè÷åí àíàëèç íà ìîäåëåí ñîíäàæ Ñ-14 â Ñîôèéñêèÿ áàñåéí. Áå óñòàíîâåíî, ÷å òðîôè÷-
íîñòòà, ñîëåíîñòòà, ïðîìåíè íà òåìïåðàòóðàòà è ñìåíèòå â äúëáî÷èíàòà íà áàñåéíà ñà íàé-
çíà÷èòåëíèòå ôàêòîðè, îïðåäåëÿùè ðàçâèòèåòî íà äèàòîìåéíèòå àíñàìáëè.
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