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Com par a tive anal y sis of two pro files (Gvoznitsa, Malorita dis trict, south west ern Belarus and Krępiec, Lublin Up land, east ern Po land) of 
Al ex an drian and/or Mazovian (=Likhvinian, Holsteinian) age shows dif fer ent di a tom suc ces sions which are cor re lated with pol len data.
Var i ous spe cies of Cyclotella, Stephanodiscus and Aulacoseira pre dom i nate at Gvoznitsa, while the di a tom flora at Krępiec is more di -
verse and in cludes also Synedra, Asterionella, and Fragilaria taxa. Cer tain ap par ently ex tinct taxa of Cyclotella (C. comta var.
lichvinensis (Jousé) Loginova, C. comta var. pliocaenica Krasske, C. temperiana (Loginova) Loginova, C. michiganiana var. parvula
Loginova (C. parvula Loginova), are typ i cal of the Mazovian and/or Al ex an drian Inter gla cial.
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INTRODUCTION 

The In sti tute of Geo log i cal Sci ences of the Pol ish Acad emy 
of Sciences (IGS PAS, War saw) and the In sti tute of Geo log i -
cal Sci ences of the Na tional Acad emy of Sci ences of Belarus
(IGS NASB, Minsk) have run joint in ves ti ga tions over the
last five years, to cor re late Pleis to cene inter gla cial pro files us -
ing geo log i cal, lithological and palaeobotanical data. One re -
sult has been a de tailed biostratigraphic cor re la tion of the
Matveev Rov 2 pro file (Mogilev re gion, east ern Belarus) of
the Al ex an drian Inter gla cial in Belarus with a rep re sen ta tive
pro file of the  Mazovian Inter gla cial of Po land at Adamówka 
(Sandomierz Ba sin, south east ern Po land) (Khursevich and
Marciniak, 1998). 

In the pres ent pa per, we com pare di a tom suc ces sions in the
Mazovian Inter gla cial lac us trine de pos its at Krępiec (Po land)
and in the Al ex an drian Inter gla cial lake sed i ments at Gvoznitsa 
(Belarus) and cor re late them with palynological data. 

SITE DESCRIPTION

GVOZNITSA

Bore hole 7 near Gvoznitsa vil lage in the Malorita dis trict
of the Brest re gion (Fig. 1) shows flu vio gla cial, lac us trine and 
al lu vial de pos its of dif fer ent ages up to 114.7 m thick
(Gruzman et al., 1975). Fos sil lake sed i ments in this pro file
oc cur be tween 37.4 and 17.7 m depths and are rep re sented by
sandy diatomaceous clays (37.4–27.6 m), lam i nated clays
(27.6–19.7 m) and sandy humic clays (19.7–17.0 m). These
are un der lain by flu vio gla cial sands of the Berezinian Glacia -
tion, and over lain by flu vio gla cial de pos its of the Dnie per
Gla ci ation (Fig. 2).

Spore and pol len anal y sis of the fos sil lake stra tum car ried
out by Kondratiene (in: Gruzman et al., 1975) shows that
these sed i ments were de pos ited at the end of the ini tial phase
of the Al ex an drian Inter gla cial — alk1, dur ing the pre-op ti -
mum time in ter val — alk2, the cli ma tic/ther mal op ti mum —



alk3 and at the end of this inter gla cial — alk5. Pol len zone —
alk4 is ab sent from this pro file due to a sed i men ta tion break.
The lithological com po si tion of the lac us trine de pos its changes
abruptly at 19.7 m depth, where lam i nated sandy diatomaceous

clays are re placed by sandy humic clay. Di a toms were found
be tween 23.7 and 37.4 m depth. This in ter val was sub di vided
into three lo cal di a tom as sem blage zones (L DAZ, GV 1–GV
3; Ta ble 1) by Khursevich and Fedenya (1998). 
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Fig. 1. Lo ca tion sketch-map of the in ves ti gated sites

1 — lo ca tion of Mazovian Inter gla cial (Po land) and/or Al ex an drian/Likhvinian Inter gla cial (Belarus) sites with lac us trine de pos its; 2 — ex tent of the
Odranian Gla ci ation (Po land) and/or Dnieperian Gla ci ation (Belarus, Ukraine) 

 T a  b l e  1

Di a tom suc ces sion and stages of lake de vel op ment at Gvoznitsa

L DAZ
Khursevich and
Fedenya (1998)

Dom i nant and subdominant di a toms De scrip tion of  pol len spec tra and pol len
zones  

 Gruzman et al.(1975)

Stages of lake
de vel op ment

(depth)

GV 3b Aulacoseira ambigua-A. granulata Abies-Pinus-Picea  and co nif er ous-
 deciduous for ests, Carpinus, Alnus

alk3(=L3)

IV

(24.4–26.0 m)

GV 3a
Aulacoseira ambigua- A. granulata-Cyclotella

krammeri
III

(26.0–31.4 m)
GV 2b

Aulacoseira-Cyclotella krammeri-Stephanodiscus
minutulus-S. imme moratus et  var. mi -

nor-S. rotula-Asterionella formosa

Picea-Pinus-Picea and
Picea-Pinus-Betula for ests with ad mix -

ture of de cid u ous trees, Alnus

alk2(=L2)

GV 2a
Cyclotella krammeri-C. yclopuncta-C. comta et var.
lichvinensis-Aulacoseira ambigua-Stephanodiscus

niagarae var. insuetus-S. rotula

II

(31.4–34.4 m)

GV 1d
Cyclotella schumannii-C. krammeri-C. comta et var.

pliocaenica 

I

(34.4–37.4 m)

GV 1c
Cyclotella cyclopuncta-C. krammeri-C. comta with va -

ri et ies-Aulacoseira ambigua

GV 1b Cyclotella schumannii-C. michiganiana var. parvula

GV 1a Cyclotella schumannii-C. comta Pinus-Betula for ests
alk1(=L1)



KRĘPIEC

At Krępiec, Lublin Up land (Fig. 1), the lake de pos its (pro -
file Krępiec 16) of the Mazovian Inter gla cial de scribed by
Harasimiuk and Henkiel (1981) fill a val ley cut ting Cre ta ceous
marls (Fig. 3). These de pos its rest on flu vial sands and grav els

ly ing on till of the Sanian 2 Gla ci ation. The com prise silts and
diatomites with in ter ca la tions of peat, over lain by peats and
gyttja. The lake de pos its are over lain by sands, flu vial grav els
and humic sands, and higher up there is a till of the Odranian
Gla ci ation and loess of the Vistulian Gla ci ation (Marciniak,
1980, 1982, 1998). 

Janczyk-Kopikowa (1981) here de scribed four pol len
zones (I–IV) and re lated them to the Mazovian Inter gla cial
(Janczyk-Kopikowa, 1991). A rich di a tom microflora from
depths be tween 20.4 and 41.35 m was di vided by  Marciniak
(1998) into four lo cal di a tom as sem blages zones (L DAZ,
K-1–K-4) cor re lated with the pol len zones I–IIIa, b (Ta ble 2).
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Fig. 2. Sche matic cross-section of the re gion at Gvoznitsa (af ter Gruzman
et al., 1975)

Cre ta ceous: 1 — marl; Berezinian Gla ci ation?: 2 — sands with gravel,
3 — loam; Berezinian Gla ci ation: 4 — till (clay with gravel) and sands
with gravel; Venedian (Ferdynandovian?) Inter gla cial: 5 — sandy
siltstone, 6 — sandy silts, 7 — sandy siltstone, 8 — sands and silts,
9 — humic clay; Okanian Gla ci ation: 10 — sands and grav els,
11  — sands of vary ing grain size, 12 — sands with grav els and peb bles, 13
— sands, 14 — sands with grav els and silts, 15 — sands with peb bles;
Likhvinian Inter gla cial: 16 — diatomaceous clay, 17 — diatomaceous
sandy clay, 18 — humic clay, 19 — sands with loam,  20 — sands and silts,
21 — loam; Dnieperian Gla ci ation: 22 — flu vio gla cial sands; Ho lo cene:
23 — sands; bold line — part of sec tion 7 with palynological and di a tom
data (Gruzman et al., 1975)

Fig. 3. Geo logic cross-section of the re gion at Krępiec near Lublin (af ter
Harasimiuk and Henkiel, 1981; with TL-dates af ter Harasimiuk et al.,
1988; with age in ter pre ta tion af ter Lindner and Marciniak, 1998)

Cre ta ceous: 1 — marl; pre-Pleistocene: 2 — rock de bris, clay and waste
clay; Pleis to cene: Sanian 2 (?) Gla ci ation: 3 — ice-dammed silt, 4 — till;
Mazovian Inter gla cial: 5 — flu vial and slope sand and gravel, 6 — silt
and di at o mite, 7 — peat and gyttja; Liviecian (?) Gla ci ation and
Zbójnian Inter gla cial: 8 — flu vial sand and gravel with di at o mite (silt?)
in ter ca la tion, 9 — hu mus sand with silt and peat in ter ca la tions as well as
silt and sand in up per most part; Odranian Gla ci ation: 10 — till; Vistulian 
Gla ci ation: 11 — loess; Ho lo cene: 12 — flu vial sand and gravel; bold line
— part of sec tion 16 with palynological (Janczyk-Kopikowa, 1981) and di -
a tom data (Marciniak, 1980, 1998)



DIATOM SUCCESSION AND LAKE DEVELOPMENT

The lac us trine de pos its con tain ing di a toms in the pro files at
Krępiec (Po land) and at Gvoznitsa (Belarus) were de pos ited al -
most in the same time in ter val of  the Mazovian Inter gla cial of
Po land and/or the Al ex an drian Inter gla cial of Belarus ac cord -
ing to pol len anal y sis: from the ini tial phase up to the cli ma tic
(ther mal) op ti mum in clu sive. How ever, the four stages of di a -
tom suc ces sion show dif fer ences (Ta bles 1 and 2). Char ac ter is -
tic Cyclotella and Stephanodiscus taxa from Gvoznitsa and
Krępiec are il lus trated in Figs. 4–7.

STAGE I

In the Gvoznitsa 7 pro file the first stage of lake de vel op -
ment (lo cal di a tom as sem blage zone — L DAZ GV 1) is com -
pa ra ble with  the lo cal di a tom zones (L DAZ A 1–A 2b) in the
Adamówka I pro file (Marciniak, 1998) and L DAZ MR 1 (pol -
len zone alk1 and the be gin ning of zone alk2) in the Matveev
Rov 2  pro file (Khursevich and Fedenya, 1998) on the ba sis of
dom i nant Cyclotella: C. schumannii (Grunow) H¯kansson or
C. vorticosa  �. Berg, C. comta (Ehrenberg) Køtzing var.
comta, C. comta var. lichvinensis (Jousé) Loginova, C. comta
var. pliocaenica Krasske, C. cyclopuncta H¯kansson et Carter
and C. krammeri H¯kansson. This di a tom as sem blage re flects
an oligotrophic, mod er ately deep palaeolake in the first stage of 
its ex is tence.

At that time in the Krępiec 16 pro file (Marciniak, 1998) the
di a tom flora in L DAZ K-1 (pol len zone I)  is char ac ter ised by
di verse plank tonic di a toms rep re sented by var i ous spe cies of
Stephanodiscus, Cyclotella, Synedra, with com mon
Fragilaria crotonensis Kitton and Asterionella formosa
Hassall. This is ev i dence of deep, meso-eutrophic palaeolake
con di tions and sea sonal cyclicity of di a tom de vel op ment. 

STAGE II

This stage — L DAZ GV 2a (mid dle part of pol len zone
alk2) in the Gvoznitsa 7 pro file is marked by abun dant and di -
verse di a toms in clud ing Cyclotella krammeri, C. cyclopuncta, 
Aulacoseira ambigua  (Grunow) Simonsen, Stephanodiscus
niagarae var. insuetus Khursevich et Loginova and S. rotula
(Køtzing) Hendey, in di cat ing eutrophication and a high lake
level of palaeolake. 

Stage II in the Krępiec 16 pro file (L DAZ K-2, pol len zone 
II) shows equal amounts of Stephanodiscus and Cyclotella
spe cies and an in creased con tent of Aulacoseira granulata
var. angustissima (Møller) Simonsen, typ i cal of eutrophic
lakes. This in crease cor re sponds to the preoptimal part of the
Mazovian Inter gla cial.

STAGE III

The di a tom as sem blage in stage III at Gvoznitsa (L DAZ
GV 2b–GV 3a, end of pol len zone alk2 and the first half of zone 
alk3) is char ac ter ised by an in crease of Aulacoseira
(A. ambigua up to 58% and  A. granulata (Ehrenberg)
Simonsen up to 22%) and by a de crease in the per cent ages of 
Cyclotella and Stephanodiscus spe cies. The lat ter in cludes
S. immemoratus Khursevich et Pirumova var. immemoratus
and S. immemoratus var. mi nor Khursevich  (prob a bly ex tinct
taxa). This di a tom as sem blage in di cates eutrophication. 

At the be gin ning of the stage III at Krępiec (L DAZ K-3a,
lower part of pol len zone IIIa) Cyclotella is abun dant (up to
40%) and Stephanodiscus taxa are less fre quent, prob a bly in di -
cat ing a de crease in eutrophication and higher wa ter level. Later
on (L DAZ K-3b, up per part of pol len zone IIIa) the num ber of
plank tonic di a toms di min ished and the  periphyton in creased.
This was as so ci ated with a slight shallowing of the palaeolake. 
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   T a  b l e  2

Di a tom suc ces sion and stages of  lake de vel op ment at Krępiec

L DAZ

Marciniak (1998)

Dom i nant and subdominant di a toms De scrip tion of pol len 
spec tra and pol len zones

Janczyk-Kopikowa (1981)

Stages of lake
 de vel op ment (depth)

K-4b Periphyton-Fragilaria spp.-Synedra-Aulacoseira italica   Carpinus, Abies

IIIb
IV

(20.40–23.00 m)
K-4a Periphyton-Aulacoseira italica-Fragilaria spp.

K-3b Cyclotella-Stephanodiscus-Periphyton-Asterionella formosa Taxus, Picea, Alnus 

 IIIa

III

(23.00–28.80 m)
K-3a Cyclotella-Stephanodiscus-Synedra

K-2b Stephanodiscus-Cyclotella-Periphyton-(Aulacoseira)
 Picea, Alnus

II

II

(28.80–33.35 m)
K-2a

Stephanodiscus-Cyclotella-(Aulacoseira)-Synedra-
Asterionella formosa

K-1b
Stephanodiscus-Cyclotella-Periphyton-Synedra-

Fragilaria crotonensis Betula, Pinus

I

I

(33.35–41.35 m)
K-1a Stephanodiscus-Synedra-Fragilaria crotonensis-Cyclotella
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Fig. 4. Dom i nant spe cies of Cyclotella from Gvoznitsa pro file

a–f, j — Cyclotella schumannii (Grunow) H¯kansson (a–f — ex ter nal view, j — in ter nal view), g — Cyclotella michiganiana var. parvula (Loginova)
Loginova (ex ter nal view), h and i — Cyclotella cyclopuncta H¯kansson et Carter (ex ter nal view), k and l — Cyclotella comta var. lichvinensis (Jousé)
Loginova (k — ex ter nal view, l — in ter nal view); scale bar —1 µm
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Fig. 5. Dom i nant spe cies of Stephanodiscus from Gvoznitsa pro file

a–e, k — Stephanodiscus niagarae var. insuetus Khursevich et Loginova (a–e — ex ter nal view, k — in ter nal view), f and l —  Stephanodiscus rotula
(Køtzing) Hendey (f — ex ter nal view, l — in ter nal view), g — Stephanodiscus immemoratus Khursevich et Pirumova var. immemoratus (ex ter nal view), 
h–j — Stephanodiscus immemoratus var. mi nor Khursevich (h — ex ter nal view, i and j — in ter nal view); scale bars: a–f, k and l — 10 µm, g–j — 1 µm
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Fig. 6. Dom i nant spe cies of Cyclotella from Krępiec pro file

a and b — Cyclotella schumannii (Grunow) H¯kansson  (a — ex ter nal view, b —  in ter nal view), c and d —  Cyclotella aff. michiganiana var. parvula
(Loginova) Loginova  (c —  ex ter nal view, d — in ter nal view), e and f — Cyclotella comta var. lichvinensis (Jousé) Loginova (e — ex ter nal view, f — in -
ter nal view); scale bar: a–f — 1µm
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Fig. 7. Dom i nant spe cies of Stephanodiscus aff. binatus H¯kansson et Kling  from Krępiec pro file

  (a, c, e —ex ter nal view, b, d, f — in ter nal view ); scale bar: a–f — 1 µm



STAGE IV

At Gvoznitsa the di a tom flora of stage IV (L DAZ GV 3b,
sec ond half of pol len zone alk3) shows the high est per cent age
val ues of Aulacoseira spe cies  (A. ambigua up to 73% and
A. granulata up to 41%). At pres ent these usu ally de velop in
highly eutrophic lakes. 

At Krępiec the first part of  stage IV (L DAZ K-4a, pol len
zone IIIb) is char ac ter ised by a dom i nance of periphytic di a -
toms (Epithemia, Rhopalodia, Navicula and to a lesser de gree 
Fragilaria spp.). Aulacoseira italica (Ehrenberg) Simonsen
com prises up to 35% of the as sem blage. In the sec ond part of
this stage (L DAZ K-4b, pol len zone IIIb) a rise in the fre -
quency of Fragilaria spp. sug gests over growth and
shallowing of the lake. 

FINAL REMARKS

Two types of di a tom suc ces sions in the inter gla cial de pos its 
of Mazovian and/or Al ex an drian (=Likhvinian, Holsteinian)
age are dis tin guished. One is rep re sented at Gvoznitsa by the
fol low ing suc ces sion: 1. Cyclotella–2. Cyclotella-Aulacosei -
ra-Stephanodiscus–3.Aulacoseira-Cyclotella-Stephanodiscus
–4. Aulacoseira. This is a plank tonic and oligo-meso-eutrophic 
type of di a tom suc ces sion re flect ing con di tions in a deep lake
dur ing four stages (I–IV) of lake de vel op ment dur ing the Al ex -
an drian Inter gla cial (pol len zones alk1–alk3).

The pro file at Krępiec shows an other type of di a tom suc -
ces sion: 1. Stephanodiscus-Synedra-Fragilaria croton -
ensis-Cyclotella–2. Stephanodiscus-Cyclotella-Aulacoseira–3.
Cyclotella-Stephanodiscus-Synedra-Asterionella formosa–4.
Periphyton s.l-Aulacoseira-Fragilaria spp. This is a plank -
tonic-benthic/periphytic and meso-eutrophic type of di a tom
suc ces sion from a mod er ately deep-water lake (dur ing stages
I–III of lake de vel op ment, pol len zones I–IIIa) to ward a shal -
low and over grown ba sin in the last stage (IV) of the Mazovian
Inter gla cial (pol len zone IIIb).

The pro files at Adamówka and at Matveev Rov show a
third dif fer ent type of di a tom suc ces sion rep re sented mainly by

two gen era: Cyclotella-Fragilaria (Khursevich and Marciniak, 
1998). There is a plank tonic-benthic/periphytic, gen er ally
oligo- and meso-eutrophic type of di a tom suc ces sion re flect ing
lake changes from mod er ately deep to shal low lakes at both
sites dur ing Mazovian/Al ex an drian time (at Adamówka —
pol len phytophases I–IIIa, b; at Matveev Rov — pol len zones
alk2–alk4; Shalaboda, 1989).

The Mazovian/Al ex an drian age of the lac us trine sed i ments
is  con firmed by the pres ence of var i ous rep re sen ta tives of the
ge nus Cyclotella (Køtzing) Brébisson in clud ing such typ i cal,
prob a bly ex tinct taxa as: C. comta var. lichvinensis, C. comta
var. pliocaenica, C. temperiana  (Loginova) Loginova,
C. michiganiana var. parvula Loginova (C. parvula Loginova), 
(Figs. 4–6).

The de pos its of the Al ex an drian Inter gla cial in clude spe cies 
of Stephanodiscus (S. alexandriensis Khursevich, S. niagarae
var. insuetus, S. immemoratus var. immemoratus et var. mi nor,
Fig. 5) which most prob a bly died out at the end of Mid dle
Pleis to cene (Khursevich, 1989, 1999).

In the Mazovian pro file at Krępiec var i ous small
Stephanodiscus spe cies are char ac ter is tic in clud ing S. aff.
binatus H¯kansson et Kling (Marciniak, 1998 and   Fig. 7 a–f).
In our SEM ma te rial we could not ob serve the lo ca tion of the
rimoportula and spine at the same costa on the ex ter nal valve
sur face as it is shown by H¯kansson and Kling (1990, figs.
1–8). This spe cies is sim i lar to Stephanodiscus cf. minutulus
(Ktzing) Cleve et Möller sensu H¯kansson and Kling (1990,
figs. 29–32). 

Many tran si tional forms of Cyclotella and Stephanodiscus,
dif fi cult to iden tify, oc cur in dif fer ent sites of the
Likhvinian/=Al ex an drian, Mazovian Inter gla cial fos sil lakes in 
Rus sia, Belarus and Po land (Loginova, 1979, 1982;
Khursevich and Loginova, 1980; Marciniak, 1986, 1998). Ne -
vertheless, the (prob a bly ex tinct) taxa noted above, of these ge -
nera are broadly use ful  in biostratigraphy.

Ac knowl edge ments. This work forms part of the pro ject
„Bio- and lithostratigraphy of Qua ter nary de pos its of cen tral
and east ern Po land and west ern Belarus”.
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