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Ab stract: This pa per pres ents the re sults of ab so lute dat ing and bi os tra tigraphi cal analy sis car ried out for al lu vial
sedi ments of an aban doned Sta runia ozo ke rite mine lo cated in the Ve lyky Lu kavets River val ley, in which large
mam mal re mains were dis cov ered in the first half of the 20th cen tury. The sedi ments build up three ter race lev els.
The high est one, up to 8 m high (ter race II), is likely to be as so ci ated with a stage of ag gra da tion, as well as with a
short epi sode of val ley broad en ing, which oc curred in the Wei chse lian Late Pleni gla cial. The lower one, 4 m high
(ter race I), is most likely to be linked with the Holo cene, de spite a con sid er able trans for ma tion of its top due to
min ing ac tiv ity. The lower part of this ter race cover bears coarse- grained chan nel sedi ments dated to 120.6–58.9
ka BP (Eemian In ter gla cial?–Early Pleni gla cial – OIS 5e, 4 and 3), and over bank (dis tal flood plain) mud with
in ter ca la tions of bio genic de pos its (peat, peat mud and bio genic mud). The over bank de pos its are dated to
48.2–11.11 ka BP (Glinde In ter sta dial?–Younger Dryas, OIS 3-2) and are over lain by Holo cene (OIS 1) mud and
bio genic de pos its. In bore holes drilled in the vi cin ity of the present- day river chan nel, younger sedi ments oc cur
more fre quently. These in clude sedi ments origi nat ing from the Late Wei chse lian over lain by Holo cene sedi ments.
How ever, sedi ments origi nat ing ex clu sively from the Holo cene are in fre quent. The depo si tion of sedi ments took
place in spe cific con di tions of a per ma nent satu ra tion of the en vi ron ment with brine, pe tro leum and thick ened
bi tu men. In the long est pe riod of depo si tion (48.2–1.27 ka BP), ephem eral swamps, ponds and lakes were
de vel oped in dif fer ent parts of the flood plain. They were marked by the pres ence of: Jun cus glau cus/ef fusus, J.
ar ticu la tus, Ty pha sp., Ba tra chium sp., Po ta mo ge ton fil li formis, Bidens tri par tita, Ranun cu lus scelera tus and
Phrag mites com mu nis, as well as by halo phytic spe cies, like: Zan nichel lia pal us tris, Tri glochin mari ti mum,
Schoe no plec tus tab er ne mon tani, Puc cinelia dis tans and Eleo cha ris pal us tris. Rhyth mic os cil la tions be tween cold
and warm cli matic con di tions, typi cal of the Wei chse lian age and well iden ti fied in West ern Europe, are here
marked by the changes of plant com mu ni ties (woody as sem blages pass ing into steppe and tun dra), but are not
no ticea bly re corded in the sedi ments of the Ve lyky Lu kavets River. This shows that the great est part of the
dis cussed pe riod in volved the for ma tion of poorly dif fer en ti ated silty over bank sedi ments with in ter ca la tions of
bio genic sedi ments. How ever, the vari abil ity of sedi ments pro vides evi dence for ex treme events which oc curred
in the Holo cene.
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IN TRO DUC TION

Stra tigraphic analy sis of Qua ter nary sedi ments was part 
of an in ter dis ci pli nary re search proj ect con ducted in the Sta -
runia area, lo cated about 130 kilo me tres south east of Lviv,
Ukraine (Fig. 1). The study was car ried out be tween 2006
and 2009 in an aban doned ozo ke rite (earth wax) mine
(= Ropyshche) (Ko tarba, 2009), where rem nants of a mam -
moth and three woolly rhi noc er oses, with one nearly fully

pre served car cass, were found in 1907 and 1929. The dis -
cov ery of large Pleis to cene mam mals in the Sta runia ozo ke -
rite mine was a spec tacu lar sci en tific event on a world scale. 
An unique com bi na tion of oil and brine within the Pleis to -
cene mud, into which one of the rhi noc er oses had sunk, re -
sulted in a nearly per fect pres er va tion of this speci men.
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Fig. 1. Sketch map of the vi cin ity of Starunia (Carpathian re gion, Ukraine) with lo ca tion of the study area



The study area is lo cated on the low, left- bank flu vial
ter races of the Ve lyky Lu kavets River at its junc tion with
the Rinne Stream (Fig. 1). Al though geo logi cal sur vey con -
ducted in Sta runia has over a hun dred years’ tra di tion, it did
not suc ceed in the rec og ni tion of li thol ogy and stra tigra phy
of Qua ter nary sedi ments. Up to now, re ports on the de vel -
op ment and age of Qua ter nary de pos its fill ing the Ve lyky
Lu kavets River val ley, ad ja cent Maly Lu kavets River val ley 
and the sur round ing area, as well as stud ies and dat ing of
the re corded re mains of plants and ani mals, were pro vided
by: Zu ber (1888), Ro gala (1907), Bay ger et al. (1914),
Nowak and Panow (1930), Szafer (1930), Mi tura (1944),
Ku biak (1971), and Kuc et al. (2005). The above- mentioned 
pa pers were also dis cussed by Al ex androwicz (2004) and
Al ex androwicz et al. (2005).

Dur ing the first stage of ex ca va tions (Bay ger et al.,
1914), the rem nants of ani mals were found in a sec on dary
sedi ment; hence, it was im pos si ble to de ter mine their age.
How ever, dur ing the sec ond stage of re search (Nowak et
al., 1930), re mains of plants domi nated by tun dra spe cies
were found in the large mam mals’ sur round ing sedi ments,
which al lowed Szafer (1930) to as so ci ate these find ings
with the “Cra co vien gla cia tion” (=El ste rian). The con vic -
tion about the older age of re mains was main tained for a
long time. Among Ukrain ian re search ers, Kravchuk (1999)
still re lated the Sta runia flora to the Mid dle Pleis to cene, as -
sum ing the simi lar ity of flora to the one rep re sent ing the

Likh vin In ter gla cial (=Hol stein ian), shown in a rela tively
well ex am ined sec tion of Qua ter nary sedi ments from Kruki -
en ice near Sam bir (Geren chuk et al., 1972), al though the
age of Sta runia find ings was al ready as so ci ated with the
Late Gla cial by Ras ka tov (1966). This was con firmed by the 
re sults of ab so lute age dat ing con ducted on the re mains of
the mam moth and rhi noc er oses (Kuc et al., 2005). Their age 
is strongly di ver si fied and var ies be tween 14,140 and
47,000 years BP, which, ac cord ing to the last authors, could 
re sult from the con tami na tion of re mains with oil. The ex -
ami na tion of plant re mains was re in ter preted by Grano-
szewski (2002), who nar rowed the time range of the death
of the ani mals to the Hengelo In ter sta dial (39–36 ka BP;
Fig. 2). Ad di tion ally, the mor pho logi cal fea tures of some
bone and teeth re mains of the Ro pyshche rhi noc er oses, re -
sult ing from evo lu tion ary changes of the Coe lo donta ge nus, 
in di cate their rela tively young age, as they show traits typi -
cal of in di vidu als that lived in the Late Pleis to cene and
origi nated from the evo lu tion ary line of the Eura sian woolly 
rhi noc er oses (Kahlke & La com bat, 2008).

The aim of this pa per was to de ter mine the stra tigra phy
of the iden ti fied sedi ments and to re con struct the Late Pleis -
to cene and Holo cene evo lu tion of the Ve lyky Lu kavets
River val ley at Sta runia. This ob jec tive was achieved
through re search con ducted by the authors in the years
2007–2009 within a proj ect, the range and topic of which
were dis cussed by Ko tarba (2009).
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Fig. 2. Chronostratigraphy, chan nel pat tern and re gional veg e ta tion of se lected sec tions



PRES ENT-DAY NAT U RAL
EN VI RON MENT OF ROPYSHCHE AREA

De scrip tion of the present- day en vi ron ment is lim ited
to the fol low ing three com po nents, which we con sider to be
the most im por tant ones: re lief, vege ta tion and aquatic con -
di tions. The depo si tion of al lu vium form ing the ter races, as
a com po nent re garded as the es sen tial one, was out lined
sepa rately.

Al though the source area of the Ve lyky Lu kavets River
is lo cated in the Outer East ern Car pa thi ans, the great est part
of the in ves ti gated catch ment is situ ated in the range of the
Bo rys lav–Pokut tya Unit, lo cated within the Car pa thian
Foredeep Ba sin (e.g., Kol tun et al., 2005). The Boryslav–
Pokuttya Unit is built up by flysch strata and the Menil ite
beds, which origi nated from Oli go cene and Lower Mio cene 
and now cover the great est area of the riv er side and are
domi nated by shales. The above- mentioned strata are ac -
com pa nied by the Poly anyt sya beds, dat ing from the Lower
Mio cene and bear ing more sand stones (Kol tun et al., 2005). 
The Car pa thian Fore deep Ba sin is domi nated by the Vo ro -
tyshcha beds, also dat ing from the Lower Mio cene. These
beds are com posed of salt- bearing clays, lat er ally pass ing
into the Slo boda Con glom er ates and Do bro tiv beds domi -
nated by sand stones and shales (Kol tun et al., 2005; Ko rin,
2005).

The height of flu vial ter races in the vi cin ity of the aban -
doned mine usu ally does not ex ceed 4 m (Soko³owski,
2009). In the Ro pyshche area, the top sur faces of ter races
are con sid era bly trans formed by the former min ing ac tivi -
ties; there fore, the dis tinc tion of ter races would be in ac cu -
rate if based on re lief. Due to this fact, we dis tin guished in -
di vid ual ter races on the ba sis of varia tions in their li thol ogy
and age of sedi ments. A few tens of me tres to the north of
the Rinne Stream chan nel, a mud vol cano oc curs, the cone
of which is flat and hardly visi ble. Moreo ver, the en tire
study area is marked by the oc cur rence of small ba sins filled 
with wa ter, pe tro leum and brine, which are proba bly the re -
mains of aban doned mine shafts or mud vol ca noes.

Slopes in the pe riph er ies of the val ley are no ticea bly
asym met ric. The steeper one, lo cated on the east ern side,
slopes down from the Bzo vach Hill (579 m a.s.l.). Its cul mi -
na tion is marked by the pres ence of a flat top (visi ble,
though of a small sur face; Soko³owski et al., 2009), be ing
the rem nant of a former lev elled sur face (Krasna level –
Gof shtein, 1962), as so ci ated with the Late Plio cene. On the
cul mi na tion of the Pa sovyshche (512 m a.s.l.) – Po ho ry lets
(483 m a.s.l.) ridge, sur round ing the val ley from the west, a
flat top has been re tained, be ing as so ci ated with the Loyova
level, which is a de nu da tion level as so ci ated with the Early
Qua ter nary (Gof shtein, 1962). Re cently, sev eral steps have
been dis tin guished in this level (£anc zont & Bo guckyj,
2002). The ridges, which slope down from this site to wards
the bot tom of the Ve lyky Lu kavets River val ley, are in -
clined at small an gles and are marked by the oc cur rence of
sev eral lower and younger flat steps de vel oped in the Pleis -
to cene.

The al lu vial bed rock is built by the Vo ro tyshcha salt-
 bearing beds (Ko rin et al., 2005), the top of which is marked 
by a di ver si fied re lief (Soko³owski, 2009).

A char ac ter is tic fea ture of the Ro pyshche area is a
strong satu ra tion of the sedi ments with brine, pe tro leum and 
bi tu mens. This satu ra tion took place at least in the Pleis to -
cene and has been go ing on un til to day (Ko tarba et al.,
2009a, b). At pres ent, such a satu ra tion re sults, for in stance,
in the oc cur rence of plants typi cal of salt flats. One such
spe cies, Le pigo nium salinum Ser., which is now known as
Sper gu laria sa lina J. Presl. and C. Presl. and is to be found
in the in ves ti gated area up to the pres ent day form ing
patches with Puc ci nel lia dis tans (L.) Parl. in the most sa line 
sites (Moœcicki et al., 2009), was pre vi ously men tioned by
£om nicki (1914) among spe cies rep re sent ing the meadow
flora. Puc ci nel lia dis tans (L.) Parl. is char ac ter ized by a
very high re sis tance to soil sa lin ity. It is as sumed that 5–10
g of salt per 1 kg of soil is the op ti mum of this halo phyte’s
re quire ments. How ever, as it was stated by Koz³owski et al.
(2004), even with 73 g of so dium chlo ride per 1 kg of soil,
the ex is tence of the plant is still pos si ble.

From the Mid dle Pleni gla cial up to the pres ent day, the
fol low ing plants tol er at ing an in creased sa lin ity are to be
found: Tri glochin mari ti mum L., Schoe no plec tus tab er ne -
mon tani (C.C. Gmel.) Palla, and Phrag mites aus tralis
(Cav.) Trin. ex Stued. The sedi ments are char ac ter ized also
by the pres ence of other ha lophi lous spe cies pre fer ring
more hu mid habi tats, such as: Eleo cha ris pal us tris (L.)
Roem. and Schult., Zan nichel lia pal us tris L., and Po ta mo -
ge ton filli formis Pers.

At pres ent, brine and pe tro leum reach the ground sur -
face to gether with the ef flu ences of wa ter through aban -
doned mine shafts and bore holes, among which Nadzieja 1
well is a re mark able one, with nat u ral gas still es cap ing
from it. The wa ter of the ef flu ences def i nitely co mes from
wa ter-bear ing ho ri zons of a deeper lo ca tion. This is in di -
cated by a gen er ally low rock hu mid ity ex am ined dur ing
drill ing. Slightly more hu mid rocks, from which wa ter was
oc ca sion ally drained, were found in fre quently and nearly
exclusively close to the Rinne Stream.

The sur round ings of Starunia have been pen e trated and
oc cu pied by peo ple for a long time, what is in di cated by the
pres ence of sev eral hunt ing camp sites, the old est of which
orig i nate from the Palaeo lithic pe riod and are dated to about 
40 ka BP (Matskevyj, 2005). Ac cord ing to the above-men -
tioned au thor, it can not be ex cluded that some of the bone
and skin dam ages ob served in the bod ies of the dis cov ered
an i mals may be as so ci ated with contemporary human
activity.

The clos est vi cin i ties of Ropyshche are marked by the
oc cur rence of woody ar eas, usu ally over grow ing the cul mi -
na tions of greater highs or slopes show ing higher in cli na -
tion, like the Bzovach Hill. Sev eral years ago, a large part of 
the ground sur face was cov ered by farm lands, mead ows and 
pas tures. At pres ent, the ar eas of farm lands, par tic u larly the
large-scale ones typ i cal of the for mer po lit i cal sys tem, have
de creased. The mead ows and pas tures are passing into
wastelands as well.
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SAM PLING AND METH ODS

Large mam mals were found in the muds with Betula
nana, which, ac cord ing to Nowak and Panow (1930),
marked the low est mem ber of the sec tion of Pleis to cene
sed i ments. That is why the fine-grained and biogenic sed i -
ments were ex am ined more ac cu rately. Palaeobotanical re -
search (palynology and anal y sis of macrofossils), malacolo- 
gical and lithological stud ies, as well as ab so lute age datings 
were car ried out for sed i ments sam pled from the fol low ing
bore holes Nos 1, 2, 4, 4’,4N, 5N, 6N, 7N, 13, 14, 15, 22, 24, 
25, 28, 30, 32N, 42 and 43, and out crops VL-1, VL-2, VL-3
and VL-4 (Figs 1, 2). De scrip tions of meth ods of these stud -
ies are con tained in pa pers by Stachowicz- Rybka et al.
(2009a, b) and Soko³owski et al. (2009). The OSL (op ti -
cally stim u lated lu mi nes cence) dat ing was car ried out at the
GADAM Cen tre (Gliwice Ab so lute Dat ing Meth ods Cen -
tre, Silesian Uni ver sity of Tech nol ogy, Po land), whereas
the 14C dat ing – at the Poznañ Ra dio car bon Lab o ra tory. The 
first method was ap plied mainly for the dat ing of coarse-
clastic sed i ments sam pled from the river chan nel. Only in
one case was it used to date the fine-grained over- bank sed -
i ments. Ra dio car bon datings were per formed for plant
macroremains ex tracted from fine-grained overbank sed i -
ments and biogenic de pos its. De tails of the ra dio car bon
method were de scribed in Kuc et al. (2009).

LI THOL OGY

Ac cord ing to a re view of pre vi ous pub li ca tions com -
piled by Alexandrowicz (2004) and Alexandrowicz et al.
(2005), the Pleis to cene and Ho lo cene sed i ments of the
Ropyshche area formed a sec tion de scribed by the fol low -
ing strati graphic suc ces sion: (i) grey clay with plant re -
mains, prob a bly in clud ing Betula nana, (ii) gravel with sand 
and sandy-clayey in ter ca la tion in the top, (iii) strat i fied clay
and sandy loam with fos sil flora, and (iv) loam and silty
loam with soil in the top. Up to now, the de scrip tions of in -
di vid ual sec tions have not men tioned any biogenic sed i -
ments apart from ac cu mu la tions of plant re mains. Such ob -
ser va tions are hard to jus tify, as peat is men tioned in one of
let ters writ ten by Ed ward Panow (see the copy of this let ter
in Alexandrowicz, 2004, pp. 82–83). Peat is also vis i ble in
the out crops of ter race scarps along the Velyky Lukavets
River bed. There fore, the de scribed sec tion can not be
treated as a stan dard one. The strata prob a bly rep re sent typ i -
cal subenvironments of fluvial valleys: the river channel
and proximal and distal floodplain.

On the ba sis of the di ver sity of tex tural and struc tural
fea tures in each subenvironment, we dis tin guished a se ries
of lithofacies and as signed them let ter codes (Ta ble 1;
Soko³owski et al., 2009). In the same pa per, we pre sented a
de tailed de scrip tion of li thol ogy, here only out lined. More -
over, due to con sid er able sim i lar ity of the sed i ments, we do
not de scribe each sec tion sep a rately, but pres ent one gen er -
al ized de scrip tion of the ex am ined strata. All these sed i -
ments, in each subenvironment, were con tam i nated with
petroleum and salts – halite and gypsum.

Coarse-grained river chan nel sed i ments

The subenvironment of the river chan nel coarse-grai-
ned sed i ments (CD – chan nel sed i ments) is re corded in all
ter race lev els. Beds of gravel (G), less fre quently of sandy
gravel (GS) or sand (S), at tain a thick ness from sev eral
centi metres to 7.1 m (Figs 2–5). Struc tural fea tures of the
lithofacies and their ge netic in ter pre ta tion are pre sented in
Table 1.

Fine-grained overbank sed i ments

This part of the floodplain (PF) is marked by the oc cur -
rence of brown muds, show ing var i ous in ter ca la tions of
sands and lo cally at tain ing a thick ness of al most 3 m. Par tic -
u lar lithofacies are likely to form change able se quences
(Ta ble 1) and con tain ad mix tures of plant re mains and
anthropogenic ma te rial, in clud ing pieces of bricks, ma te rial
de rived from mine dumps, frag ments of boards, bot tles,
plas tic wraps, etc. In many ar eas, the strata are cut by
palaeo-ox bows and cre vasses. These wash outs are usu ally
filled with the fol low ing lithofacies: SFr, SFw and FSr.
They are also ac com pa nied by abun dant plant remains
(branches, leaves and seeds).

The fine-grained overbank sed i ments of the dis tal
floodplain (DF) are dom i nated by mas sive silt lithofacies
(Fm) of a large scale, at tain ing a max i mum thick ness of 10
m (Figs 2–5). Sin gle dropstones and sid er ite con cre tions ap -
pear frequently.

Most of the sec tions, par tic u larly their up per seg ments,
bear root hairs, slightly larger root traces (lithofacies Fb),
reed rods (lithofacies Frr) and bur rows, most fre quently
cov ered with a rusty coat ing.

Biogenic overbank sed i ments

Biogenic overbank sed i ments (C) ap pear in dif fer ent
parts of the sec tions sam pled from the DF and PF sub-en vi -
ron ments, and form lithofacies of a me dium or large scale
and show ing ir reg u lar dis tri bu tion. Their oc cur rence in the
PF subenvironments is in fre quent. The peat, be ing mostly
brown or dark brown, how ever oc ca sion ally black (lithofa-
cies Cp), is marked by a var i ous level of de com po si tion of
the plant re mains. Lo cally, it con tains a mud ad mix ture
(peat mud – lithofacies Cm) or passes into mud with an ad -
mix ture of small plant re mains (biogenic mud – lithofacies
Co). In young cuts (palaeo-ox bows?, cre vasses?), the seg -
ments be tween silty or silty-sandy lithofacies are typ i fied by 
ac cu mu la tions of strongly di ver si fied plant macroremains,
not show ing ad vanced humification pro cesses and forming
beds of a medium scale (lithofacies Cd).

Slope de pos its

Yel low, grey-yel low and grey muds and sandy muds of
slope de pos its (SD) ap pear at the base of slopes sur round ing 
the val ley (sec tions 106, 107, and 112–117; Soko³owski et
al., 2009 – Figs 3, 4) and do not ex ceed 3.6 m in thick ness.
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CHRONOSTRATIGRAPHY AND
EN VI RON MEN TAL IN TER PRE TA TION

In the pa per, the chronostratigraphy (Fig. 2) of Eemian
(5e OIS) and Weichselian (in Ukraine = Valdayan, 5a-d, 4-2 
OIS) is out lined ac cord ing to Van der Hammen et al.
(1967), com pared with Woillard and Mook (1982), Mar tin-
son et al. (1987), Behre (1989), Behre and van der Plicht
(1992), Dansgaard et al. (1993), Walker (1995), Aalbers-
berg and Litt (1998), Huijzer and Vandenberghe (1998),
and Litt et al. (2001). The chronostratigraphy in cludes
modificatons per tain ing to the area of Po land (Mamakowa,
2003; Lata³owa, 2003a; Mojski, 2005). For the Ho lo cene
(1 OIS), we ap plied the di vi sions by Starkel (2001) and
Lata³owa (2003b). Pre vi ous cor re la tions be tween the di vi -
sions ap plied for Po land or West ern Eu rope (Lindner et al.,
2004; Lindner & Marks, 2008) and the climatostratigraphic
units of Qua ter nary sed i ments of East ern Eu rope were usu -
ally lim ited to the prin ci pal units (glacials and interglacials). 

The cor re lated lithological for ma tions were represented
mainly by loesses.

Due to con sid er able trans for ma tion of land forms, it was 
im pos si ble to ap ply the morphostratigraphic pro ce dures for
the Ropyshche area. Ad di tion ally, the anal y sis was hin dered 
by: (i) poor iden ti fi ca tion of all Qua ter nary sed i ments ex -
cept loesses from the Kolodiiv, Halich and Yezupil sites, lo -
cated a few tens kilo metres away from the study site, and
(ii) the lo ca tion of the stud ied area. In West ern and Mid dle
Eu rope the cli ma tic con di tions were con trolled by the Scan -
di na vian ice sheet, the North At lan tic wa ter cir cu la tion and
the Rus sian con ti nen tal air mass (Huijzer & Vandenberghe,
1998). In this part of Eu rope, the in flu ence of the North At -
lan tic is not likely to be con sid er able; how ever, the Carpa-
thians seem to have a more sig nif i cant ef fect on cli mate.
Due to poor iden ti fi ca tion of Qua ter nary sed i ments in the
val ley and in its clos est sur round ings, par tic u larly as far as
their stratigraphy is concerned, most data are compared to
those of Poland.
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Ta ble 1

De scrip tion of subenvironments: a sum mary

Subenvironments Lithology of lithofacies Deposition
Landforms and
geomorphicprocesses

Channel
(CD)

Gravel (G)

Sandy gravel (GS)

Sand(S)

Usually, maximum particle size - 8 cm,
sporadically - 30 cm, sometimes fining-upward
sequence and then transition to sandy gravel or
sand, grey and after weathering yellow-grey,
sandy-muddy matrix, usually horizontally
stratified (lithofacies Gh, Sh, vertical succession 
Gh®GSh), trough-cross-stratified (Gt®GSt),
planar-cross stratified (Gp®GSp®Sp),
sometimes massive (lithofacies Gm) or
low-angle cross-stratified, pieces of wood are
often common

Deposition of clastic
material in: side bars
(Gp®GSp®Sp), infill of
pools (Gt®GSt) (Gh,
Gh®GSh, Sh), washing
out of bars (Gl, Gl®GSl)
and channel pavement ? or
short-lived high energy
flow ? (Gm)

River channel, bar sand
bedforms

Overbank

Fine-grained sediments
of proximal floodplain
(PF)

Muddy sand (SF)
Sandy mud (FS)
Mud, silt, loam(F)

Fine-grained sediments
of distal floodplain (DF)
Mud, silt (F)
Muddy sand (SF)
Sandy mud(FS)

Brown, grey-brown, muddy sand and sandy mud 
with ripple-cross lamination (SFr, FSr), or
horizontal lamination (Fh), rhythmite with
horizontal lamination (SFh, FSh, Fh), in lower
members of these deposits wavy (FSw, Fw) and
ripple cross lamination of climbing type (SFf,
FSf), massive mud (Fm) and sometimes muddy
pebbles up to 5 mm are coming up, plant debris
and even pieces of wood are very common

Grey, grey-olive-green, massive (lithofacies Fm) 
mud, plant debris, dropstones, sideritic
concretions, "black mottles" (concentration of
pyrite and/or oil) are often common, in places
comprising root hairs or a little bit bigger root
traces (lithofacies Fb), reed rods (lithofacies Frr) 
and burrows? Sporadic thin (few millimetres)
intercalations of SFh or FSh

Infill of young oxbows
and/or crevasse channel ?,
vertical accretion
depositson proximal
floodplain

Vertical accretion of mud
from suspension at the end
of flood 

Washouts, oxbows, crevasse
channels (?)

Infill of erosional depression,
subaerial well-drained
back-swamp or subaqueous
poorly-drained backswamp to
lacustrine on distal floodplain

Biogenic (C)

Brown, dark-brown or almost black organic
material (lithofacies Cp), in places comprises
admixture of mud (muddy peat - lithofacies Cm) 
or turns to mud with a lot of plant debris
(organic mud - lithofacies Co), in young
washouts nonhumified plant debris  (lithofacies
Cd)

Accumulation of plant
debris, sometimes with
admixture of mud

Lacustrine or wetland areas on 
distal floodplain or in oxbows

Slope Yellow, grey-yellow mud, sandy mud (SD)
Washout on slopes,
solifluction

Solifluction and/or wash-out
covers



Eemian–Early Weichselian (OIS 5)

The re sults of ab so lute dat ing (all dates men tioned in
the text are con ven tional ones) in di cate that the old est sed i -
ments ex am ined in the Ropyshche area are the CD ones,
sam pled in sec tion 21’ (Fig. 3, Ta ble 2). The OSL age of
120.6 ka BP al lows us to link the sed i ments with the Eemian 
Inter gla cial (OIS 5e). The CD sed i ments in sec tion VL-2
(Figs 2, 3, Ta ble 2) show youn ger ages (93.4 ka BP – Early
Weichselian, OIS 5a-d); how ever, scour traces are well
marked in the topmost part.

In the Pol ish Carpathians and Carpathian Foredeep Ba -
sin, there are hardly any sites with sed i ments for which the
Eemian Inter gla cial or Early Weichselian age is documen-
ted, or which are as so ci ated with these ages (Sobolewska et
al., 1964; Laskowska-Wysoczañska & Niklewski, 1969;
Soko³owski, 2006). The sed i ments oc cur in dif fer ent po si -
tions with re spect to the river channel.

Early Pleniglacial (OIS 4)

In the basal part of sec tion 4, the sat u rated bi tu men of
the CD sed i ments (Figs 2, 3, Ta ble 2) are found, be ing dated 
at 58.9 ka BP (Mid dle Pleniglacial – Late Schalkholz
Stadial?/Early Oerel Interstadial? – OIS 4 ?, OIS 3). CD
sed i ments of the Pol ish Carpathian Foredeep Ba sin are of
com pa ra ble age. Grav els found at Rad³ów on the Dunajec
River val ley (59 ka BP; Soko³owski, 1995) and at Czapla-
kówka on the Vistula River val ley (67 ka BP; Gêbica, 2004) 
con firm the oc cur rence of a stage of de po si tion of fine-
grained al lu vium dur ing the Early and/or Lower part of the
Mid dle Pleniglacial. The po si tion of the de scribed CD sed i -
ments, at a height close to the pres ent-day river chan nel,
proves the ap pear ance of in ter ca la tions of dif fer ent age and
shows that the val ley bot tom was not deep ened for a long
pe riod of time. On the other hand, this could in di cate that

the river achieved its lowest elevation during the Eemian
Interglacial.

It is re mark able that the CD sed i ments are the only ones 
re tained from the dis cussed pe riod of time. Overbank sed i -
ments were also likely to de velop at that time, but they must
have been de nuded, prob a bly mainly at the end of Early
Gla cial and the be gin ning of the Pleniglacial. A marked
stage of in ci sion oc cur ring at that time was re corded not
only in Po land, but also in West ern Eu rope (i.a., Turkow-
ska, 1988; Krzyszkowski, 1990; Mol et al., 2000; Van
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Fig. 3. Geo log i cal cross-sec tion A-A’. See Fig. 1 for lo ca tion

Fig. 4. Lithostratigraphic sec tions Nos 30, 32N, VL-3, VL-4.
See Fig. 1 for lo ca tion and Fig. 3 for ex pla na tion



Huissteden et al., 2001). It can not be ex cluded that the pres -
er va tion of CD sed i ments (found in a rel a tively good con di -
tion, though in mi nor amounts) could have been sup ported
by the pres ence of a fine-grained, co her ent, fill ing-ce ment -
ing mass sat u rated by bi tu mens, which could have built up a 
durable cement, preventing the scour.

The clos est sites with sed i ments of well doc u mented
ages of OIS 5e, 5a-d and 4 are the Yezupil and Kolodiiv
sites, lo cated a few tens kilo metres away to the north. The
sites are marked by the oc cur rence of loesses with the
Horohiv pedocomplex be ing typ i cally de vel oped. It com -
prises the older lessivé soil formed dur ing the Eemian Inter -
gla cial (Horohiv set of soils) and three lev els of the youn ger
steppe soils (Kolodiiv set of soils with loess in ter ca la tions),
orig i nat ing from interstadials of the Early Weichselian (Bo-
guckyj & £anczont, 2002; £anczont & Boguckyj, 2002;
£anczont & Boguckyj, 2007).

At Kolodiiv, the soils were formed with the par tic i pa -
tion of biogenic de pos its which were ac cu mu lated in an ox -
bow lake.

The suc ces sion of veg e ta tion, re con structed on the ba -
sis of anal y sis of pol len grains, cor re sponds to the de vel op -
ment of veg e ta tion in the Eemian Inter gla cial and Weichse-
lian Gla cial (Komar, 2002; £anczont & Boguckyj, 2007;
Komar et al., 2009). Pol len zones of the basal part doc u -
ment the pres ence of as sem blages of pine-birch for ests with
gla cial relicts, which serve as ev i dence for the grad ual
warm ing of cli mate. The fur ther warm ing re sulted in the de -
vel op ment of pine-oak for ests, fol lowed by the de vel op -
ment of multispecies de cid u ous for ests. The sub se quent
cool ing re sulted in the growth of her ba ceous plants (in clud -
ing xerophytes and halophytes) and a decline in the partici-
pation of trees.

Mid dle Pleniglacial (OIS 3)

The next stage of de vel op ment of the Velyky Lukavets
River val ley falls in the early Mid dle Pleniglacial time
(interstadial com plexes – time win dow 50–41 ka BP; cf.
Huijzer & Vandenberghe, 1998). This pe riod is in di cated by 
ra dio car bon dates, of which the old est one is 48.2 ka BP
(sec tion 30; Fig. 4). How ever, the type of sed i ments in di -
cates that this was al ready the time of de vel op ment of the
floodplain in the Ropyshche area. The floodplain was
mainly dis tal one and was char ac ter ized by the oc cur rence
of swamps, ponds or even shal low lakes, in which muds
(lithofa cies: Fm, Frr and Fb) and biogenic de pos its (Soko-
³owski et al., 2009) were de pos ited. A youn ger date of 43.1
ka BP, re corded in sec tion 22 (Figs 2, 3), en ables the as so ci -
a tion of the time of de po si tion with the Moershoofd Inter-
stadial. There fore, the dates re corded for the base: 38.4 ka
and 40.0 ka BP (Figs 2, 3, 5, Table 2) seem to be slightly
rejuvenated.

The as sumed in ter pre ta tion is con firmed by the anal y sis 
of pol len spec tra and macrofossils, ac cord ing to which the
land scape was ini tially open, woodless and cov ered by
grassy steppe as sem blages of heliophilous herbs and
grasses. Veg e ta tion typ i cal to dwarf shrub (low shrub) tun -
dra: Betula nana L., Alnus viridis, Salix sp. and Cyperaceae
(Fig. 6), ap peared in the ar eas of a higher hu mid ity. Such a
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Ta ble 2

De scrip tion of the sam ples and their ra dio car bon and lu mi nes cence ages

Sections/
Depth (m)

Laboratory
code

Laboratory
number

Radiocarbon
(yr BP)

or OSL* (ka BP) age

Calibrated age probability
68.2 % (yr BC) or (AD)

Lithology of samples

43/5.3 St II/43/07 Poz-27168 40 ± 30

1700 - 1720 AD (10.6%)
1810 - 1840 AD ( 7.7%)
1880 - 1920 AD (41.3%)
1950 - 1960 AD ( 8.6%)

Mine dump

43/8.9 St II/43/08 Poz-27169 > 100 pMC Mine dump

VL-3/0.9 StII VL3/23 Poz-28964 125±30
1680 - 1740 AD (19.8%)
1800 - 1890 AD (39.0%)
1900 - 1930 AD ( 9.4%)

Clayey mud

7/5.7 St II 7/32 Poz-28906 210 ± 30
1650 - 1680 AD (24.7%)
1760 - 1800 AD (31.1%)
1930 - 1960 AD (12.3%)

Clayey mud with plant
macrofossils

42/3.9 St II 42/29 Poz-28806 230 ± 30
1640 - 1670 AD (35.8%)
1780 - 1800 AD (26.0%)
1940 - 1960 AD ( 6.4%)

Clayey mud with black
mottles and dispersed organic 

matter

15/3.6 St II 15/28 Poz-28799 240 ± 30
1640 - 1670 AD (45.0%)
1780 - 1800 AD (23.2%)

Clayey mud

28/1.0 St II 28/19 Poz-28801 325 ± 30
1510 - 1600 AD (55.9%)
1610 - 1640 AD (12.3%)

Peat

VL-4/1.7 Starunia VL-4 GdTL-967 3.67 ± 0.18* Gravel

7/10.8 St II/7/12 Poz-27977 390 ± 30
1440 - 1520 AD (56.0%)
1600 - 1620 AD (12.2%)

Clayey mud with black
mottles

4'/1.3 ST II 4'/34 Poz-28905 625 ± 30
1295 - 1320 AD (27.2%)
1345 - 1395 AD (41.0%)

Clayey mud with black
mottles

VL-3/2.1 StII VL-3/18 Poz-28907 1275 ± 30
680 - 725 AD (38.1%)
735 - 770 AD (30.1%)

Peat

4N/2.2 St II 4N/21 Poz-28808 1505 ± 30 540 - 600 AD Peat

32/4.7 St II/32/05 Poz-27167 2915 ± 30 1200 - 1040 Peat mud

4'/0.9 St II 4'/24 Poz-28804 3655 ± 35
2130 - 2090
2050 - 1960

Clayey mud with black
mottles

5N/5.6 St II/5/06 Poz-27165 3915 ± 35 2470 - 2340
Clayey mud with dispersed

organic matter and root traces

VL-1/2.1 St/VL-1/14 Poz-27980 4505 ± 35
3340 - 3310 (11.3%)
3300 - 3260 ( 7.6%)
3240 - 3100 (49.4%)

Clayey mud with dispersed
organic matter

30/2.5 St II 30/38 Poz-28903 5490 ± 40
4370 - 4320
4290 - 4260

Clayey mud with dispersed
organic matter

15/4.4 St 15/39 6160±40 Clayey mud

4'/4.6 St II 4'/22 Poz-28803 8460 ± 50 7580 - 7510 Peat

25/1.7 St II 25/17 Poz-28800 9550 ± 50
9130 - 9000 (36.1%)
8920 - 8800 (32.1%)

Peat mud

1/1.8 St II 1/20 Poz-28798 9740 ± 50 9280 - 9195 Peat mud with root traces

4'/2.3 St II 4'/33 Poz-28904 10190 ± 50 10050 - 9810
Clayey mud  with plant

macrofossils and dispersed
organic matter

VL-1/4.7 St/VL-1/13 Poz-27979 11110 ± 60 11130 - 11000 Peat

VL-1/4.9 St/VL-1/15 Poz-27981 11430 ± 60 11390 - 11270 (68.2%) Peat

4/3.5 St II/4/03 Poz-27976 12230 ± 70 12230 - 12040 Peat

22/1.7 ST I/22/04 Poz-27164 12240 ± 60 12230 -12060
Peat mud with plant

macrofossils

13/2.9 St II 13/35 Poz-28897 13010 ± 60 13570 - 13250 Peat
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Ta ble 2 continued

Sections/
Depth (m)

Laboratory
code

Laboratory
number

Radiocarbon
(yr BP)

or OSL* (ka BP) age

Calibrated age probability
68.2 % (yr BC) or (AD)

Lithology of samples

24/2.1 ST II 24/37 Poz-28901 13690 ± 70 14550 - 14130 Clayey mud

42/9.5 St 42/40 16260 ± 80 Clayey mud

15/5.8 Starunia 15/5,8 GdTL-969 16.59 ± 0.71* Sandy mud

2/4.2 ST II 2/26 Poz-28898 21100 ± 100
24002 (1.4%)
23700 - 23350

Peat

42/9.7-9.8 St II 42/30 Poz-28807 22900 ± 150 21110 - 20800 Clayey mud

VL1/5.2 VLS 1 GdTL-966 24.7 ± 1.1* Gravel

28/2.5 St II 28/36 Poz-28902 26850 ± 200 25110 - 24700
Clayey mud  with plant

macrofossils and dispersed
organic matter

28/6.0 St II/28/16 Poz-28459 33250 ± 300 31650 - 31000
Clayey mud  with plant

macrofossils and dispersed
organic matter

28/4.0 St II 28/27 Poz-28802 34000 ± 500 32600 - 31500
Clayey mud  with plant

macrofossils and dispersed
organic matter

22/5.8-5.9 St I/22/01b Poz-26841 38400 ± 1000 37600 - 35400 Peat

22/5.8-5.9 St I/22/01a Poz-26616 40000 ± 700 38800 - 37300 Peat

22/4.8 ST II 22/31 Poz-28899 43100 ± 1100 42400 - 40100 Peat

30/6.8 St I/30/02 Poz-26617 48200 ± 1800 48500 - 44500 peat mud

4/4.8 4/4,8 GdTL-968 58.9 ± 2.1* Gravel

VL2/2.4 Starunia VL2 93.2 ± 4.1* Gravel

21/5.8 21/5,8 GdTL-970 120.6 ± 5.0* Gravel

Ra dio car bon dates ac cord ing to Kuc et al. (2009)

Fig. 6. Pol len di a gram from sec tion of bore hole No. 4’ (ac cord ing to Stachowicz-Rybka et al., 2009b; sub stan tially sim pli fied). YD –
Youn ger Dryas, PB – Preboreal



type of flora was al ready sug gested by Szafer (1930), who
ana lysed the plant re mains sam pled from clays, in which the 
body of the rhi noc eros was found. Re mains of Zannichellia
palustris and Batrachium sp. prove the ex is tence of a shal -
low, eutrophic wa ter ba sin sur rounded by a belt of rushes
with Typha sp and Juncus sp. The com po si tion of aquatic
flora in di cates that the depth of the ba sin did not ex ceed 2
m. In fens or on muddy, dry ing parts of the shores, as sem -
blages with Bidens tripartita were found. Up the sec tion,
the palynological data sug gest a read able though poor ex -
pan sion of trees like pine and birch, what in di cates a slight
warm ing of cli mate, pre ceded by an in crease in hu mid ity.
Among macrofossils, the pres ence of Betula nana (with the
min i mum tem per a ture of July of 7°C, ac cord ing to Brink-
kemper et al., 1987), Eleocharis palustris (L.) Roem. and
Schult., and Potamogeton filliformis (both with the min i -
mum tem per a ture of July of 10°C, as stated by Kolstrup,
1979 and Mamakowa, 1997) as well as Triglochin mariti-
mum L. (with the min i mum tem per a ture of July of 8°C, fol -
low ing Lambracht et al., 2007) was re corded. The oc cur -
rence of the above-men tioned spe cies shows that the con -
tem po rary min i mum tem per a ture of July amounted to at
least 10°C, and it cor re sponded to tem per a tures dom i nat ing
at that time in West ern Eu rope (see Huijzer & Vanden-
berghe, 1998; Bos et al., 2001). There fore, con tem po rary
cli ma tic con di tions at Starunia could have been con trolled
by a sea son ally frozen ground. The up per part of the sec tion
is typ i fied by steppe as sem blages show ing a rapid in crease
in the amounts of Poaceae and Juniperus, ac com pa nied by a 
de crease in the quan tity of Pinus and Betula pol len grains.
The cli mate be came dry and arc tic and was no tice ably af -
fected by con ti nen tal con di tions. This is also in di cated by
the dis ap pear ance of aquatic flora, as well as by a poor
quan tity and spe cies com po si tion of veg e ta tion typ i cal of
hu mid hab i tats. Up wards in the sec tion, the steppe as sem -
blages dis ap pear. The veg e ta tion is dom i nated by the low
shrub tun dra with Betula nana, Cyperaceae and arboreous
birches, and is likely to in di cate the be gin ning of the next
interstadial. There fore, re fer ring to the data from the lower
seg ment of sec tion 22, the cool ing should be as so ci ated with 
the Hasselo Stadial (cold in ter val, time win dow 41–38 ka
BP; cf. Huijzer & Vandenberghe, 1998), and the sub se quent 
interstadial should be linked with the Hengelo Interstadial.
The appearance of an erosional cut at the top of the section
does not allow for its detailed interpretation and reconstruc-
tion of younger events.

The con sec u tive stage in the evo lu tion of the val ley is
shown in sec tion 28, which was sub ject to palaeobotanical
stud ies and ra dio car bon dat ing. The basal sed i ments of DF
(lithofacies Fm; Soko³owski et al., 2009) are typ i fied by a
plant suc ces sion char ac ter is tic of for est-steppes with Pinus
sylvestris and Picea (Figs 2, 5) and by a si mul ta neous dis ap -
pear ance of tun dra as sem blages. Such a com po si tion of
flora is likely to in di cate the dry ing of cli mate. As the ra dio -
car bon age of this part of sec tion is 33.25 ka BP (Fig. 2), it
can be associated with the Denekamp Interstadial.

The sed i ments of the Hengelo Interstadial are lo cated
ca. 2 metres be low those of the Denekamp Interstadial. In ci -
sions formed be fore the Denekamp (Hengelo?) Interstadial
are re corded, i.a., at BrzeŸnica in the Wis³oka River val ley

(Mamakowa et al., 1997) and be tween Rzeszów and £añcut 
in the Wis³ok River val ley (Szczepanek et al., 2007).

Up the sec tion, the suc ces sion of pol len in di cates the
dom i nance of steppe as sem blages with grasses, worm -
woods and Chenopodiaceae. Hab i tats of a higher hu mid ity
were cov ered by a tun dra veg e ta tion in clud ing Betula nana
and other plants rep re sent ing the Cyperaceae. The tree veg -
e ta tion was most likely rep re sented by clus ters of arboreous
birches ap pear ing in fre quently (Stachowicz-Rybka et al.,
2009b).

It is likely that dur ing freshets the wa ter flow was no -
tice able, though of low in ten sity and dis ap pear ing up wards
in the sec tion, where the macrofossils of: Juncus sp., Carex
cespitosa, Carex elata, Potentilla erecta, Plantago ma jor
and Phragmites aus tra lis were re corded. Their pres ence
sug gests a de cline of the wa ter level in the ba sin and the ap -
pear ance of peat bogs.

It is strik ing that there were hardly any plant macrore-
mains found in the sec tion. The poor de vel op ment of veg e -
ta tion can be ex plained by a high rate of sed i ment de po si -
tion or by se vere cli ma tic con di tions, which can be con -
cluded from the re sults of palynological anal y sis. In this
part of sec tion 28, the ter mi na tion of de po si tion is in di cated
by the next ra dio car bon date of 26.85 ka BP.

Late Pleniglacial (OIS 2)

The first sign of a change in cli ma tic con di tions, which
oc curred be tween the Mid dle and Late Pleniglacial, is an in -
ci sion, the depth of which is dif fi cult to de ter mine. The sed i -
ments of an ear lier depositional event were in ten sively
eroded, though the ex act range of ero sion is dif fi cult to re -
con struct due to changes re sult ing from min ing ac tiv ity con -
ducted on a vast area. At the be gin ning (max i mum cold of
the Late Pleniglacial, time win dow 27–20 ka BP, OIS 2; cf.
Huijzer & Vandenberghe, 1998), the gravel CD sed i ments
were likely to have de vel oped. Their top was dated to 24.7
ka BP in out crop VL-1. An ero sional cut of CD in di cates
that the de po si tion lasted for a lon ger time and oc curred in
con di tions of aggradation, ac com pa nied by lat eral changes
in the lo ca tion of the river chan nel, which were likely to
cause lo cal broadenings of the val ley. There fore, it can not
be ex cluded that the CD sed i ments of sec tions 12, 13 and
14, as well as those of sec tions 106 and 107, orig i nated from 
the same sed i men ta tion cy cle. Later, in the hol lows of the
floodplain, the biogenic sed i ments (biogenic mud – sec tion
2) were formed. Their de po si tion was in ter rupted at ca. 21
ka BP, prob a bly be cause of the ar rival of waves of cooling,
which occurred as the ice sheet attained its maximum limit.

The sed i ments above the CD, lo cated al ready in the
range of the floodplain, are marked by mud de po si tion. Sed -
i ments of sec tions 106, 107 and 2 are lo cated on rel a tively
nar row ledges, el e vated ca. 4 metres above the pres ent-day
river chan nel. The nat u ral top of sed i ments in bore hole 2 is
placed at ca. 7 metres above the river-bed and is over lain by
a mine-dump. The layer of yel low ish silts, 1.5 m in thick -
ness, ap pear ing in the top of sec tions 106 and 107, can be
rec og nized as slope sed i ments. There fore, the lo cal top of
al lu via at tains the height of ca. 8 metres. The pres ence of
mine dumps and slope sed i ments, and per haps also the earth 
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works con ducted in the area of the mine, re sulted in the
mod i fi ca tion of the stepped re lief typ i cal of ter races and in
the for ma tion of a mo not o nously in clined slope. A ter race
level of the same height (level II), from the nearby Bystry-
tsya Solotvynska River val ley, was de scribed by Kravchuk
(1999). It also cor re sponds to the height of the ter race level
dis tin guished mostly in the Up per Dnister River val ley,
which at tains 10 m (Gofshtein, 1962) or 10–12 m in height
(Raskatov, 1966).

While the suc ces sion of sed i ments is likely to be de ter -
mined for the above-de scribed sec tions, it can not be re con -
structed for the south ern part of the Ropyshche area, be -
tween sec tions 28 and VL-1. Ad mit tedly, the suc ces sion of
dates can point to the pres ence of sev eral in ter ca la tions of
dif fer ent ages. How ever, they should be rather as so ci ated
with phases of very fast, re mark ably in ten sive cut ting,
which lo cally reached a depth of even ca. 8 m. More over,
some dates in di cate a heavy con tam i na tion with anthropo-
genic ma te rial. It must be clearly re peated, that the sec tions
are lo cated in that part of the Ropyshche area which was
mostly af fected by min ing ex ploi ta tion. The sink ing and/or
sub si dence of the un der ground head ings re sulted in ver ti cal
dis place ments. The oc cur rence of highly in ten sive anthro-
pogenic dis tur bances is also con firmed by the strongly di -
ver si fied type of relief at the top of the Miocene salt-bearing 
Vorotyshcha beds (Fig. 5).

Once more, the clos est sites with sed i ments of doc u -
mented OIS 3 and OIS 2 ages are the loess sec tions from
Yezupil, Halich and Kolodiiv. The Yezupil site is typ i fied
by the pres ence of loesses, which ac cu mu lated slowly dur -
ing the Mid dle Pleniglacial (£anczont & Boguckyj, 2002),
and in which sev eral soil ho ri zons de vel oped dur ing warmer 
interstadials can be dis tin guished. They are grouped in two
sets of soils: the older Dubno 2, and youn ger Dubno 1. The
Late Pleniglacial is rep re sented by a thin (only 2 m thick)
loess bed. At Halich, the Weichselian loesses also form a
thin bed com pris ing two pedogenic ho ri zons, Dubno and
Rivne, both orig i nat ing from the Late Pleniglacial. At Kolo- 
diiv, also the youn gest ho ri zon, Krasyliv, can be found. At
this site, the Mid dle Pleniglacial is also in di cated by a dozen 
or so climatic oscillations.

Late Weichselian (OIS 1)

De po si tion tak ing place in the Late Weichselian was
most likely in ter rupted at ca. 18–16 ka BP. This is in di cated
by the date of 16.6 ka BP, re lated to sandy muds found in
the low est part of sec tion sam pled from bore hole 15 (Figs 2, 
5, Ta ble 2). Al though the sed i ments are ac tu ally likely to be
slightly youn ger, they may point to a rec og niz able stage of
in ci sion, gen er ally as so ci ated with the next cli ma tic change, 
which oc curred in the fi nal phase of the Late Pleniglacial
(time win dow 20–13 ka BP, part of OIS 2; cf. Huijzer &
Vandenberghe, 1998). The first de posit fill ing the cut was
prob a bly gravel (sec tions 1, 24, 25 and 105) and it can not be 
ex cluded that its de po si tion was fast. Gravel bars be came
over lain by a dis tal floodplain with de po si tion of silts, lo -
cally de vel oped in a re mark ably ho mog e nous way (sec tion
15; Soko³owski et al., 2009), and with in ter ca la tions of

biogenic sed i ments of dif fer ent thick nesses (Figs 2, 5).
Through out the en tire Late Weichselian, the de po si tion was
re tained in the same subenvironment, which is in di cated by
typ i cal sed i ments of DF and C, with the dates of 13.69–
11.11 ka BP (sections 4, 13, 22 and 24; outcrop VL 1).

The type of suc ces sion re corded for pol len and macro-
fos sils of plants sam pled from sec tions 4’ and 22 shows that
dur ing the Older Dryas–Alleröd land hab i tats were open
and dom i nated by steppe and steppe-tun dra as sem blages,
de vel op ing in con di tions of a dry, con ti nen tal cli mate. Plant
com mu ni ties are typ i fied by the oc cur rence of grasses and
worm woods. The open type of land scape is marked by the
pres ence of: Juniperus, Ephedra fragilis, E. distachya, E.
strobilacea, and Hippopheë rhamnoides. The oc cur rence of
Betula nana, Cyperaceae, Selaginella selaginoides and S.
cf. helvetica in di cates the tun dra type of the as sem blages.
Pine and birch to gether with larch and spruce formed loose
as sem blages of bo real for ests, likely to be typ i cal of the
Alleröd Interstadial. Abun dance of dam aged sporomorphs
and cysts of Dinoflagellata in di cate the development of the
washing out processes.

Nu mer ous sites close to the pres ent-day river chan nel
of the Rinne Stream were marked by the oc cur rence of
swamps or even pe ri odic aquatic bas ins, as it is par tic u larly
in di cated by the pres ence of plant macrofossils and
malacofauna. The macrofossils were typ i fied by the ap pear -
ance of fruits of Batrachium sp. and the oc cur rence of re -
mains of Potamogeton filliformis and Zannichellia palus-
tris. The shores were over grown by a rush with Schoeno-
plectus tabernaemontani and Eleocharis sp. The malaco-
fauna, re corded in sec tion 4, at a depth of ca. 4 m, was rep -
re sented by aquatic snails (Galba truncatula, Müll. and
Pisidium obtusale laponicum, Cless.), a hygrophile land
snail taxon (Ver tigo genesii, Gred.), and small frag ments re -
lated to the Ver tigo or Columella ge nus, not qual i fy ing for
de ter mi na tion (Stachowicz-Rybka et al., 2009a).

Ac cord ing to the 14C age of 13.69 ka BP (Epe ?/early
Old est Dryas ?), the old est sed i ments are rep re sented by the
Fm lithofacies, sep a rat ing two lev els of the Cp sed i ments.
This is likely to in di cate that the im prove ment of cli ma tic
con di tions, en abling the for ma tion of greater amounts of
biogenic sed i ments, oc curred al ready in the ter mi nal phase
of the Late Pleniglacial.

The lower seg ment of the pol len di a gram plot ted for
sec tion 4’ (Stachowicz-Rybka et al., 2009b) is marked by
fluc tu a tions in the cool cli mate. The fluc tu a tion re corded at
a depth of ca. 4 m is prob a bly as so ci ated also with the Old -
est Dryas Stadial (zone St 4’-4 Ar-Bn-Po; Fig. 2 in Stacho-
wicz-Rybka et al., 2009b). The de cline in the AP/NAP
curve is mainly caused by the de crease in the amount of pol -
len of Pinus sylvestris, ac com pa nied by a no tice able in -
crease in the quan tity of pol len of Betula nana L., Ar te mi -
sia, Poaceae, and Cyperaceae (Fig. 7). In sec tion 4 (Stacho-
wicz-Rybka et al., 2009b), lo cated less than 2 m away from
sec tion 4’, a cor re spond ing height is typ i fied by the oc cur -
rence of the above-men tioned malacofauna group, be ing an
in di ca tor of cold cli mate and boggy hab i tats. Ac cord ing to
above-men tioned au thors, the group most prob a bly orig i -
nated from the Youn ger Dryas Stadial. How ever, fluc tu a -
tions in the pol len di a gram and the ra dio car bon date of
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12.23 ka BP (Bölling Interstadial), re corded at a depth of
3.5 m in sec tion 4, sug gest an older stadial. Cred i bil ity of
the date may be con firmed by the oc cur rence of a con tem -
po rary wa ter ba sin with aquatic and rushy flora (cf. macro-
fos sil as sem blage Star 4’/III; Fig. 2 in Stachowicz-Rybka et
al., 2009b).

The next phase is the Alleröd Interstadial, dur ing which 
the sed i ments of lithofacies Fm and Frr were de pos ited in
sec tion 4’. The de po si tion of these lithofacies con tin ued in
the Youn ger Dryas, de spite a rapid cool ing of cli mate, vis i -
ble as a de crease in tem per a tures re corded in Po land and
West ern Eu rope (Goslar et al., 1995; Ralska-Jasiewiczowa
et al., 2003; Renssen & Vandenberghe, 2003). It re sulted in
the spread ing of steppe and steppe-tun dra as sem blages,
dominated by Poaceae, Cyperaceae, Ar te mi sia, and Cheno-
podiaceae. The steppe type of land scape in the con tem po -
rary Starunia area is marked by the pres ence of Elymus and
Helianthemum nummularium, as well as plants rep re sent ing 
the Asteraceae (pol len of Am bro sia, As ter t., Anthemis t.and 
Cichorioideae). Abun dant Betula nana, Salix herbacea and
taxa of her ba ceous plants point to the pres ence of patches of 
a shrub tun dra. The pol len of trees was most prob a bly trans -
ported from a great dis tance. The oc cur rence of Larix, Alnus 
viridis, Pinus cembra, Juniperus, Hippophaë rhamnoides,
Lonicera nigra, Ephedra distahya, and E. fragilis was in fre -
quent. In the top part of the zones, a no tice able in crease can
be ob served in the pro por tion of Pinus and Juniperus, what
ev i dences a slight in crease in the den sity of the tree coat ing,
im prove ment of cli ma tic con di tions, and per haps also of the 
hu mid ity con di tions. The pres ence of a shal low wa ter ba sin
with Zannichellia palustris and Batrachim sp., sur rounded
by a rush belt dom i nated by Typha sp., was recorded in
section 4’ (Fig. 7).

En vi ron men tal con di tions typ i fy ing the YD were re -
tained in the Ho lo cene. The palynological bound ary of the
YD/PB was re corded within the Frr and Fb lithofacies of
DF sed i ments (Stachowicz-Rybka, et al., 2009b).

Ho lo cene (OIS 1)

The bound ary is vis i ble in sec tions 4’ and 22, at 2.3 and
1.3 m depths, re spec tively. The dif fer ences in heights, at
which the basal parts of the Ho lo cene sed i ments are lo cated, 
usu ally do not ex ceed 2 m and are dif fi cult to ex plain. The
event of downcutting is con tra dicted by the re corded type of 
sed i ment and pol len zone. The age of the first zone, ac cord -
ing to ra dio car bon dat ing, is 10.19 ka BP. The Preboreal pe -
riod was char ac ter ized by lo cal re-de vel op ment of small
bas ins, some of which were open and pe ri od i cally dry ing or
dis ap pear ing. The bas ins were in hab ited by aquatic snails
(Galba truncatula, Müll., Ra dix peregra peregra, Müll.,
and Anisus leucostomus, Mill.) and an euryecological bi -
valve (Pisidium casertanum, Poli.). The above-men tioned
spe cies were ac com pa nied by land, mainly hygrophile
snails: Ver tigo antivertigo (Drap.) and Succinea putris (L.)
(Stachowicz-Rybka et al., 2009a).

As a re sult of pro ceed ing im prove ment in cli ma tic con -
di tions (Goslar et al., 1995, Ralska-Jasiewiczowa et al.,
2003), a rel a tively in ten sive de vel op ment of woody as sem -
blages, dominanted by Pinus be ing ac com pa nied by Picea
and Larix, was vis i ble in the clos est sur round ings of the bas -
ins. Trees of higher ther mal re quire ments, like Ulmus,
Quercus, Corylus, Tilia cordata and even Abies, be gan to
ap pear. Oc cur rence of the above-listed taxa ev i dences the
ini tial de vel op ment of for est floors. Prob a bly, dur ing the
Subboreal pe riod, the for est floors of woody as sem blages
at tained a form cor re spond ing to the pres ent-day one. Lin -
den and horn beam dom i nated the foot hills, the beech-fir
for ests – the for est floor, and spruce – the up per sub al pine
for est. Boggy hab i tats were cov ered by al der as sem blages.
Most likely, such hab i tats were also over grown by yew, wil -
lows and ash. The Subatlantic pe riod was re corded in sec -
tions 28 and 4’ and dated to 0.625 ka BP by means of ra dio -
car bon anal y sis. How ever, the re cord of the pe riod was
prob a bly dis turbed. The most no tice able in di ca tors of the
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Fig. 7. Pol len di a gram from sec tion of bore hole No. 22 (ac cord ing to Stachowicz-Rybka et al., 2009b; sub stan tially sim pli fied). YD –
Youn ger Dryas, PB – Preboreal



Subatlantic pe riod are taxa as so ci ated with hu man ac tiv ity,
such as Plantago lanceolata (grow ing in ar eas af fected by
pas tur age), P. maior, P. me dia, and Polygonum aviculare.
An in crease is ob served in pol len val ues of her ba ceous
plants, mainly grasses and Ar te mi sia, the pres ence of which
evidences a deforestation. Pollen of cereal plants, including
Triticum, Secale and Fagopyrum, also appear.

Both stra tig ra phy and de vel op ment of sed i ments orig i -
nat ing from the Eo- and Meso-Ho lo cene are iden ti fied only
fragmentarily, mainly due to a con sid er able dam age of these 
sed i ments in the Ropyshche area. This fact is mostly in di -
cated by po si tions and datings of sed i ments sam pled from
sec tions 4N, 5N, 6 and 7 (Fig. 5). It even can not be ex cluded 
that sec tion 7 was sur rounded by a pe ri odic hol low (formed
as a re sult of sub si dence and sink ing), which was filled with 
ei ther a ma te rial washed out from nearby mine dumps, or
sus pen sions sup plied by the wa ters of the Velyky Lukavets
River during freshets.

Ho lo cene dates (1.27 ka BP and older) can be grouped
in time in ter vals, which are par tially con form able with clear
phases of cool ing and in creases in hu mid ity, marked by an
in creased fre quency of ex treme events (i.a., Starkel, 1983;
Nessje & Johannessen, 1992). The old est dates: 10.19 ka
BP (St II 4’/33), 9.74 ka BP (St II/1/20) and 9.55 ka BP (St
II 25/17) were re corded for the turn ing point of YD/PB.
This pe riod was char ac ter ized, i.a., by an el e va tion in the
level of lakes in North ern Po land (Ralska-Jasiewiczowa,
1989). The next two dates: 4.5 ka BP (St VL-1/14) and 5.49
ka BP (St II 30/38), re corded for the end of the At lan tic pe -
riod and the be gin ning of the Subboreal pe riod, are con -
form able with the phases of 5.5–4.9 and 4.5–4.1 ka BP. The
dates of: 2.91 ka BP (St II/32/05), 3.65 ka BP (St II/4’/24)
and prob a bly also 3.91 ka BP (St II/5/06) cor re spond with
the phase of 3.5–2.9 ka BP (Starkel, 2001). Fi nally, the
youn gest dates: 1.27 ka BP and 1.5 ka BP, are as so ci ated
with the Early Mid dle Ages. Dur ing each of these phases,
from the At lan tic pe riod on wards, the fol low ing events
were ob served: ad vance of gla ciers in Scan di na via (Karlen,
1991) and in dif fer ent parts of the Alps, growth of peat-bogs 
(¯urek & Pazdur, 1999), and de vel op ment of land slides in
the Carpathians (Margielewski, 2006). At Starunia, these
dates in di cate the stages of de po si tion of biogenic sediments 
and muds in swamps and periodic lakes.

The de vel op ment of the DF fine-grained and biogenic
sed i ments in the most part of this frag ment of the Velyky
Lukavets River val ley in di cates that the sed i ments were
formed when the river flow was blocked, and nearby
swamps, ponds and shal low lakes func tioned nearly with out 
in ter rup tion (Soko³owski et al., 2009). Such con di tions of
de po si tion were likely to be re tained from the Mid dle
Pleniglacial un til his tor i cal times (Early Mid dle Ages), what 
is ev i denced by the 14C age of 1.27 ka BP re corded for the
sed i ments of Frr lithofacies in sec tion VL-3 (Figs 2, 4). Af -
ter the river chan nel was un blocked, its level de clined by at
least 2 m, caus ing a de cline of the level of un der ground wa -
ters in the sur round ing ter races. It re sulted in the dry ing of
swamps and dis ap pear ance of open aquatic bas ins, at least
the larger and deeper ones. These changes are well in di cated 
by the type of malacofauna re corded in the up per part of
sec tion 22. The mol lusc group was dom i nated by land spe -

cies typ i cal of open and rel a tively dry hab i tats, like Vallonia 
pulchella (Müll.), Pupilla muscorum (L.) and Ver tigo pyg-
maea (Drap.). There also ap peared mesophile spe cies typ i -
cal of hab i tats with a me dium hu mid ity. Aquatic forms oc -
curred only in ac ces sory quan ti ties. The fauna in cluded
mainly spe cies pre fer ring open land hab i tats, sim i lar to the
pres ent-day ones (Stachowicz-Rybka et al., 2009a).

Si mul ta neously, the de for es ta tion pro ceed ing from that
pe riod and caus ing an in crease in the sur face flow, re sulted
in an in crease in both quan tity and size of the de tri tal ma te -
rial sup plied to the river chan nels. Con se quently, the over-
bank de pos its of the prox i mal floodplain be came sand-
muddy or even sandy. The rate of ver ti cal in crease must
have been rel a tively high, if the fine-grained sed i ments, ca.
1.2 m in thick ness, over lain a trunk cut af ter 1298 AD (M.
Kr¹piec, pers. comm., 2009, Alexandrowicz et al., 2005).
Also, be fore the Mid dle Ages, the great est part of fine-
grained weath er ing cov ers was likely to be re moved, as
among the fine-grained overbank sed i ments an in crease was 
re corded in the fre quency of in ter ca la tions bear ing coarse-
clastic sed i ments (grav els and sands), linked binding with
crevasse splays and/or deltaic cones.

The sub se quent stage in the de vel op ment of the val ley
is the pe riod of min ing ex ploi ta tion, which af fected the
river-bed by de ter min ing its course and dra mat i cally in -
creas ing its sup ply with ma te rial de rived from scoured mine 
dumps.

CON CLU SIONS

The al lu vial sed i ments fill ing the Velyky Lukavets
River val ley in the area of an aban doned ozokerite mine at
Starunia were formed be tween the Eemian Inter gla cial and
the Ho lo cene. Lu mi nes cence (OSL) and ra dio car bon
datings in di cate their com plex ity. Both chan nel and over-
bank sed i ments form three ter race lev els. Only the high est
one, 8 m in height, is build up ex clu sively of the Weichse-
lian sed i ments. The struc ture of the next level is more com -
plex. The top of the pe riph eral parts of the val ley is marked
by the ap pear ance of Ho lo cene sed i ments. In ar eas close to
the river chan nel they already compose entire sections.

The basal mem bers of sed i ments are dom i nated by
grav els. Sandy grav els, lo cated at sim i lar heights, are less
fre quent. In the three sec tions the sed i ments were dated to
120.6 ka, 93.2 ka and 58.9 ka BP, re spec tively, point ing to
the oc cur rence of in ter ca la tions of dif fer ent age. It is likely
that their for ma tion was fol lowed by the de vel op ment of a
dis tal floodplain with ephem eral swamps, ponds and lakes,
dur ing the Glinde Interstadial of the Weichselian Gla ci ation 
(48.2 ka BP). The en vi ron men tal con di tions were sub ject to
only slight fluc tu a tions and were sus tained un til the Subat -
lan tic pe riod of the Ho lo cene (1.27 ka BP). That is why the
sec tions of sed i ments of this pe riod are clearly dom i nated
by fine-grained sed i ments with in ter ca la tions of biogenic
deposits (peat, peat mud and biogenic mud).

The ab so lute age of the youn gest sed i ments was also
de ter mined by means of dendrochronological dat ing. Their
rel a tive age was in di cated by ex am i na tion of anthropogenic
ma te rial, show ing an in crease in abun dance con sid er ably
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associated with min ing ac tiv ity con ducted in the area. The
earth works re sulted in the dam age of large amounts of the
sed i ments, par tic u larly ones originating from the Weichse-
lian.

Geo log i cal and also strati graphi cal fun da men tals of fur -
ther ex plo ra tion for large mam mals in Starunia were de -
scribed by Soko³owski et al. (2009). It ap pears from this pa -
per that these fac tors limit the area of fur ther ex plo ra tion to
only two small frag ments lo cated in the west ern part of the
Ropyshche area.
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