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Ab stract: An aban doned ozo ke rite mine (= Ro pyshche), where large mam mal re mains were dis cov ered in the
first half of the 20th cen tury, is lo cated in the Ve lyky Lu kavets River val ley cov ered with Qua ter nary sedi ments.
The catch ment area in cludes a flysch se quence un con forma bly over lain by salt- bearing Lower Mio cene mo las ses
of the Vo ro tyshcha beds. Both the Up per Pleis to cene and Holo cene are rep re sented by: chan nel (gravel, sandy
gravel) and over bank al lu vium (mud, peat, bio genic mud) and col lu vium (mud, sandy mud) as well as by mine
wastes. The chan nel sedi ments are usu ally found in the low est frag ments of the bore hole logs and rep re sent mainly 
ma te rial de pos ited in the straight seg ments of me an der ing river- beds. The most com mon, fine- grained (Mz =
61.33 to 7.11 µm), dis tal flood plain sedi ments are lo cally up to 10 m thick and are domi nated by mas sive mud
li tho fa cies, which con tain fre quent bur rows, root hairs or slightly larger root traces and reed rods. These sedi ments 
are char ac ter ized by rather sta ble grain size dis tri bu tion, quite mo noto nous min eral com po si tion, pres ence of
re sis tant heavy min er als and quartz grains with traces of chemi cal weath er ing. An gu lar grains with con choi dal
frac tures and sharp edges also oc cur. There fore, tex tural fea tures show that the main sources of ma te rial were,
most proba bly, weath er ing crusts of vari ous ages de vel oped on rela tively poorly litho logi cally di ver si fied
Car pa thian flysch strata and on Mio cene de pos its of the Car pa thian Fore deep. With time, an in crease of the
con tent of ma te rial origi nat ing from me chani cal weath er ing (frost ac tion) oc curred in the flood plain de pos its,
which can be linked to an in crease of cli mate se ver ity and re duc tion of vege ta tion. How ever, these changes are not
re corded in the de pos its, which de vel oped mostly in closed hol lows and ac cu mu lated mainly from sus pen sion or
from low- energy flows. This calm sedi men ta tion was pe ri odi cally in ter rupted by sup ply of more coarse- grained
ma te rial (sand, gravel). A dis tinct pre domi nance of over bank de pos its in the sec tions docu mented by their
thick ness sug gests that the north ward flow of the Ve lyky Lu kavets River was blocked as a re sult of ei ther
neo tec tonic move ments or dam ming of the val ley by land slide tongues. From the litho logi cal point of view, the
most fa vour able con di tions for pres er va tion of large, ex tinct mam mals still ex ist in the two se lected ar eas, where
the to tal thick ness of Pleis to cene muds ex ceeds 2 me tres. The first area is lo cated in the vi cin ity of bore holes Nos
2, 3, 21, 22, 23, 28, 30 33 and 36N, and the other, smaller one, is placed around bore hole No. 42.

Key words: Qua ter nary flu vial sedi ments, Ve lyky Lu kavets River val ley, Sta runia, Car pa thian re gion, Ukraine.
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IN TRO DUC TION

The litho logi cal stud ies of Pleis to cene and Holo cene
sedi ments were part of an in ter dis ci pli nary re search proj ect
fo cused on the Sta runia area. In the years 2006–2009, such
com pre hen sive in ves ti ga tions were car ried out in an aban -
doned ozo ke rite (earth wax) mine in Sta runia (Ko tarba,
2009), about 130 kilo me tres south east of Lviv, Ukraine

(Fig. 1), where re mains of mam moth and three woolly rhi -
noc er oses, and one nearly com pletely pre served rhi noc eros
car cass were found in 1907 and 1929. The dis cov ery of
large Pleis to cene mam mals at 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 ac cu mu lated within the
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Fig. 1. Sketch map of the vi cin ity of Starunia (Carpathian re gion, Ukraine) with the lo ca tion of study area



Pleis to cene clayey muds, into which the ani mals had sunk,
re sulted in near per fect pres er va tion of these speci mens (Al -
ex androwicz, 2004; Ko tarba, 2005; Ko tarba & Stachowicz-
Rybka, 2008).

The prob lem of Qua ter nary depo si tion in the vi cin ity of
Sta runia has not been ade quately stud ied de spite many
years of sci en tific re search in the area. Li thol ogy of both the 
Qua ter nary and older strata was pre sented by, e.g., Zu ber
(1885, 1888), Ro gala (1907), Bay ger et al. (1914), Nowak
et al. (1930), To kar ski (1930), and later by Al ex androwicz
(2004), Al ex androwicz et al. (2005), Kol tun et al. (2005),
Ko rin (2005), and Stel makh (2005).

The de tailed re search car ried out in Sta runia cov ered a
part of an aban doned mine (=Ro pyshche) lo cated nearby the 
pre sumed site of ani mal re mains ex ca va tion, which worked
mainly ozo ke rite and small amounts of pe tro leum (Ko tarba
& Stachowicz- Rybka, 2008 – Fig. 1). The area is lo cated
mainly in the val ley bot tom of the Ve lyky Lu kavets River
val ley and its tribu tary, the Rinne Stream, en ter ing the
slopes of the val ley only on its west ern and north- western
pe riph er ies. Large mam mals were found in fine- grained de -
pos its of Pleis to cene age. That is why more con sid era tion
was given to these de pos its as well as to bio genic sedi ments. 
How ever, Holo cene de pos its were also tested (al though not
in de tail) in or der to de scribe the en tire back ground and en -
vi ron mental changes.

The main aim of litho logi cal stud ies was to iden tify the
best con di tions within the Pleis to cene muds fa vour ing the
pres er va tion and con ser va tion of speci mens of other woolly
rhi noc er oses and/or mam moths, apart from those dis cov -
ered in 1907 and 1929. Moreo ver, the re sults of litho logi cal
stud ies (struc tural and tex tural fea tures) en able the authors
to re con struct de po si tional con di tions, post- depositional
changes and the rough source of Qua ter nary sedi ments.

The wa ter shed of the Velyky Lukavets River is lo cated
in the Outer East ern Carpathians, from which large amounts 
of fine-grained ma te rial were sup plied to the riverbeds by
ero sion of weath er ing crusts of the flysch strata. The Ro-
pyshche area is lo cated within the Boryslav-Pokuttya Unit
be long ing to the Carpathian Foredeep Ba sin. The Boryslav-
Pokuttya Unit in cludes a flysch se quence un con form ably
cov ered by the Mio cene molasse. The up per part of the
molasse se quence is oc cu pied by the salt-bear ing Lower
Mio cene Vorotyshcha beds (Andreeva-Grigorovich et al.,
1997; Korin, 2005). Li thol ogy of these beds is dom i nated
by weath er ing-sus cep ti ble sand stone-shale-marl brec cia ce -
mented with clays and salt, cut by gyp sum veinlets, and im -
preg nated with sin gle Na-K-salts crys tals. Lo cally, in ter ca -
la tions of me dium- to coarse-grained sand stones with poor,
clay-car bon ate ce ment, marls and ozokerite were ob served.
Zuber (1885) also found quartz ite, lime stone and schist
frag ments in brec cias. These strata can be lat er ally re placed
by the Sloboda Con glom er ates and the Dobrotiv Sand -
stones.

In the Ro pyshche area, Qua ter nary sedi ments pre suma -
bly form at least two ter races (Soko³owski, 2009), al though
their bounda ries were com pletely de stroyed by min ing op -
era tions.

SAM PLING PRO CE DURES, MA TE RI ALS
AND METH ODS

In the Ro pyshche area, 44 bore holes were drilled, and
17 sound ings were driven and de scribed. The drill ing works 
were de scribed by Kuc et al. (2009). Graphi cal sec tions of
most bore holes are pre sented in Fig. 2A, B, C. They were
used both to con struct geo logi cal cross- sections (Figs 3, 4)
and to il lus trate vari ous types of re search: geo logi cal, geo -
chemi cal, etc. (see Ko tarba, 2009). In the nearby scarps of
flu vial ter races, sev eral dozen out crops were re corded and
de scribed, as well.

The ma te rial taken from 7 bore holes (Nos 1, 4, 4’, 6, 15, 
22 and 28) and from out crops (Nos VL-1 and VL-4; Fig. 1)
was used to de scribe the li thol ogy of Pleis to cene and Holo -
cene sedi ments (Figs 3, 4). Due to the in ter dis ci pli nary
char ac ter of con ducted re search, stud ies of li thol ogy, ab so -
lute dat ing and pa laeo bo tani cal analy ses, all aim ing at de ter -
min ing the age and stra tigra phy of sedi ments (Kuc et al.,
2009; Soko³owski & Stachowicz- Rybka, 2009; Stacho-
wicz-Rybka et al., 2009a, b), were car ried out mostly on the
same sam ples. Lo ca tions of sam ples (sec tions and depths)
were se lected in a way ena bling the de scrip tion of all li tho -
fa cies (ex cept slope sedi ments), in clud ing their spa tial vari -
abil ity and age. Due to the spe cific sub ject of re search, the
most de tailed stud ies cov ered the fine- grained and bio genic
sedi ments of Pleis to cene age (for dis tal flood plain – ter race
1; see also Soko³owski, 2009).

In or der to de ter mine the con di tions of trans port and ac -
cu mu la tion of sedi ments fill ing the Ve lyky Lu kavets River
val ley within the Ro pyshche area, grain- size analy sis was
con ducted. Dry- sieving analy sis was ap plied for grav els,
while for grains of di ame ters be low 1 mm the La ser Par ti cle
Sizer Ana ly sette 22 Com fort ap pa ra tus was used. The ob -
tained re sults were the ba sis for cal cu la tions of grain- size
in di ces, ac cord ing to the Folk and Ward’s (1957) for mu lae.

The min eral com po si tion of fine- grained de pos its (6
sam ples) was in ves ti gated with the X- ray dif frac tion (XRD) 
us ing the Phil ips APD X’Pert PW 3020 X- ray dif frac to me -
ter. Min er als were iden ti fied with the XRAYAN soft ware
based on data from the ICDD cata logue (In ter na tional Cen -
tre for Dif frac tion Data – www.icdd.com). The XRD curves 
were taken for air- dry ori ented and non- oriented pow der
mounts satu rated with eth yl ene gly col and roasted at a tem -
pera ture of 560°C. The ori ented mounts were used for both
quali ta tive de ter mi na tion and semiquan ti ta tive es ti ma tion of 
min eral com po si tion with the in ter nal stan dard method, and
the non- oriented mounts were used for iden ti fi ca tion of clay 
min er als.

Moreo ver, for sam ples from sec tions Nos 4, 15, 22, 28
and VL-1, rep re sent ing sedi ments ac cu mu lated in dif fer ent
pe ri ods of the close of the Wei chse lian and Holo cene (Figs
3, 4), in or der to de ter mine the min eral com po si tion of sedi -
ments and the char ac ter of quartz grains sur faces, map ping
was car ried out on a nonsput tered sam ple at mag ni fi ca tion
of 60–100 times, us ing the EDS mi cro probe at tached to the
SEM, as well as the analy sis of sur face mi cro mor phol ogy of 
quartz grains frac tion be low 0.1 mm di ame ter was made.
The EDS mi cro probe re corded the pres ence of the fol low -
ing ele ments: Si, Al, K, Ti, Na, Fe, Mg and Ca. SEM mi cro -
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mor phol ogy analy sis in volved the iden ti fi ca tion of mi cro -
struc tures at the sur face of quartz grains of the 0.1–0.03 mm 
frac tion, ac cord ing to the clas si fi ca tion sug gested by Ma -
haney (2002), ex tended to in clude mi cro forms de scribed in
pa pers by Goudie and Bull (1984), Hel land and Hol mes
(1997), and Woronko (2007). Fifty ran domly cho sen quartz
grains were ana lysed each time.

The analy sis of heavy min er als was car ried out for the
frac tions from 0.05 mm to 0.25 mm. The ob tained con cen -
trate was ex am ined mi cro scopi cally, iden ti fy ing a mini mum 
of 300 grains. The con tent of car bon ates was de ter mined
with Schei bler’s method, and the con tent of or ganic mat ter
by Ti ur in’s method. Pet ro graphic com po si tion of the gravel
frac tion was ana lysed with the method af ter Rut kowski
(1995), on the ma te rial sieved through sieves with meshes
com ply ing with the phi scale. Each frac tion was treated as
100%.

Struc tural analy sis of sedi ments was based on li tho fa -
cies sug gested for al lu vial sedi ments by Mi all (1996) and
Zieli ñski (1998). In the case of fine- grained and bio genic
sedi ments (see, e.g., Far rell, 1987, 2001), apart from sedi -
men tary struc tures, the pres ence of plant re mains and/or
traces of larger roots, root hairs, stalks of reeds and bur rows
was taken into con sid era tion, as these re mains also de ter -
mine the for ma tion of spe cific bio genic struc tures. For the
lat ter, the code pro posed by above men tioned authors was
re tained in or der to em pha size tex tural fea tures, whereas in
some cases the authors’ own in di ces of struc tures were pro -
posed. In de ter min ing the thick ness of the scale of sets and
beds visi ble in the out crops, par ticu larly with ref er ence to
coarse- grained de pos its, the fol low ing val ues were adopted

from Zieli ñski (1998): up to 6 cm – small- scale, 6–30 cm –
medium- scale, and over 30 cm – large- scale.

Meth od ol ogy and de tailed re sults of anal y sis of plant
macroremains from bore holes Nos 4’, 22 and 28 and out -
crops No. VL-1 and VL-3 were de scribed by Stachowicz-
Rybka et. al. (2009b). The pre sented pa per fo cuses on cho -
sen groups of plant macroremains used to char ac ter ize the
dis tin guished lithofacies, ex cept for coarse-grained sed i -
ments (gravel and sand) of the river chan nel subenviron-
ment.

QUA TER NARY SED I MENTS

Since the dis cov ery of large mam mal re mains, a cer tain
scheme of de vel op ment of Qua ter nary sed i ments has been
adopted (Nowak & Panow, 1930; Alexandrowicz, 2004;
Alexandrowicz et al., 2005). The low est mem ber was sup -
posed to be com posed of ...”diluvial muds with Betula
nana”..., fill ing small hol lows that used to be as so ci ated by
the early au thors with a palaeo-ox bow or a palaeochannel.
Higher in the sec tion, grav els over lain by clays with sand
in ter ca la tions and a layer of loam were found. The sec tion
was capped by a soil, and the en tire suc ces sion was covered
with a mine dump.

Some times, a sig nif i cant im ped i ment in as sign ing the
de pos its to a given river subenvironment in the Ropyshche
area is the com mon oc cur rence of oil. Lo cally, dis tinct im -
preg na tion of sed i ment by thick ened bi tu mens ho mog e nize
all rocks into a black, slightly greasy mass blur ring the ini -
tial sed i ment struc ture and tex ture. All sed i ments also con -
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Fig. 3. Geo log i cal cross-sec tions A-A’ and B-B’. See Fig. 1 for lo ca tion



tain salt oc cur ring as small (up to 1.5 mm across) crys tals,
which gives the rocks a slightly salty taste.

One of the most im por tant cri te ria of their dis tinc tion,
which can also be ap plied to drill cores, is the grain size of
sed i ments, whose changes are con sid ered the ba sis for dis -
tin guish ing in di vid ual subenvironments. Sed i men tary struc -
tures were vis i ble nearly ex clu sively in out crops, where
coarse-grained, fine-grained and biogenic de pos its were
dis tin guished. At ten tion was paid mostly to the two lat ter
types as large mam mals were dis cov ered in fine-grained
sed i ments. Hence, such sed i ments seemed to be fa vour able
hosts for further discoveries.

De scrip tion

Both the tex tural and struc tural di ver sity of sed i ments
fill ing the val ley bot tom of the Velyky Lukavets River and
the pres ence of biogenic ma te rial al lowed for the dis tinc tion 
(fol low ing Zwoliñski, 1992) of a river-chan nel fa cies and of 
subenvironments of prox i mal and dis tal floodplains (al lu -
vial ridge and flood ba sin; see Bridge, 2003).

Subenvironment of the river chan nel – coarse grained
sed i ments (gravel, sand)

Coarse-grained sed i ments show a slightly vari able
grain size, quite well il lus trated by the max i mum par ti cle di -
am e ter. Usu ally, for gravel de pos its, the max i mum par ti cle
di am e ter does not ex ceed 80 mm and only oc ca sion ally, in
the pres ent-day bars, cob bles up to 300 mm across can be
en coun tered. The high est val ues of the mean grain di am e ter
slightly ex ceed 2 mm, and the s1 val ues in di cate very
poorly sorted or un sorted ma te rial. The skew ness value is
sometimes neg a tive (Figs 5, 6).

The beds and bed sets are usu ally of me dium or large
scale, of ten show ing a fin ing-up ward se quence. The
sandy-muddy ce ment ing mass is grey, yel low-grey or rusty
af ter weath er ing and lo cally very co her ent. In many places
of the Velyky Lukavets River chan nel, strong sat u ra tion
with oil re sults in seeps into river waters.

The petrographic com po si tion of the Velyky Lukavets
River grav els is di ver si fied. The prin ci pal com po nents (up
to 80% of grains of 32–16 mm frac tion) are the flysch sand -
stones, orig i nat ing from the Outer Carpathians. Grey-blu ish 
sand stones de rived from the Vorotyshcha beds are found in
amounts from sev eral to a dozen or so per cent. The cob bles
of horn stones, orig i nat ing from the Menilite beds, are very
char ac ter is tic com po nents. In the fin est of ex am ined frac -
tions (8–4 mm) sev eral per cent quartz grains ap pears. Such
gravel com po si tion is very typ i cal of rivers of the Outer
East ern Carpathians and it does not dif fer sig nif i cantly from 
that of rivers in the Polish Outer Carpathians (Rutkowski,
1995).

The Ho lo cene grav els of the ter race I and floodplain
(Soko³owski, 2009) are ex posed in nu mer ous un der cuts and 
were re corded in sev eral bore holes. The low est seg ments of
the Ho lo cene suc ces sion are dom i nated by Gh lithofacies of 
a large scale, trough cross-strat i fi ca tion (Gt) or Gh®GSh
(sandy gravel) se quences, and lo cally by the Gt®GSt se -
quence. The mas sive gravel (Gm) lithofacies is less com -
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Fig. 5. Gran u la tion and chem i cal com po si tion of sec tions Nos 1, 4, 15 and 22. See Fig. 6 for ex pla na tion
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Fig. 6. Gran u la tion and chem i cal com po si tion of sec tions Nos 28, VL 1 and VL 4



mon. In the higher seg ments of the ter race sec tion as well as
within the floodplain, there ap pear beds com posed of sin gle
sets of me dium- or large-scale Gh lithofacies, or Gh®GSh
se quences. The pla nar cross-strat i fi ca tions (Gp) or Gp®
GSp se quences, and even Gp®GSp®Sp se quences are
also fre quent. Iden ti cal sed i ments are also ob served in the
pres ent-day river bed and these also ap pear at the sur face of
the floodplain, form ing land forms that re sem ble splays. At
the base of chan nel scours’ infill, in turn, the me dium- or
large-scale Gm lithofacies ap pear. The coarse-grained de -
pos its of Late Pleis to cene age are sig nif i cantly less thick (up 
to 1.7 m in sec tion No. 36N), but thicker suc ces sions are
likely to oc cur in the out crops, par tic u larly in No. VL 2. The 
thick ness of Ho lo cene coarse- grained sed i ments is 7.1 m
(sec tion No. 6N – Figs 2C, 3).

 Subenvironments of overbank de pos its

The struc tural and tex tural de scrip tion of sed i ments fill -
ing the bot tom of the Velyky Lukavets River val ley in di -
cates that they rep re sent mainly the subenvironments of
overbank de pos its. More over, re sults of palynological stud -
ies and anal y ses of macroremains in di cate that the ac cu mu -
la tion of sed i ments was a long-last ing event, which be gan in 
the Eemian Inter gla cial and was con tin ued in the Weichse-
lian Gla ci ation and Ho lo cene (see Figs 2–4 in Soko³owski
& Stachowicz-Rybka, 2009).

Fine-grained sed i ments of the dis tal floodplain (mud,
clayey mud)

Sed i ments of the dis tal floodplain are dom i nated by
large-scale, mas sive mud lithofacies (Fm), reach ing thick -
nesses of 10 m and oc cur ring most fre quently above coarse-
grained de pos its, oc ca sion ally also above biogenic sed i -
ments. Rarely, these are un der lain by Mio cene salt-bear ing
clays. Muds of the Fm lithofacies are grey-ol ive, rarely grey 
and con tain more clay min er als. The ad mix tures of car bon -
ates are very rare and ap pear al most ex clu sively in the bot -
tom parts of the suc ces sion (Figs 5, 6). Sin gle dropstones up 
to 5 cm in di am e ter, prob a bly brought here on ice floats, are
com mon. Sid er ite con cre tions were also found. In many
places, there ap pear quite char ac ter is tic, black spots of oil or 
dis sem i nated py rite. Par tic u larly the for mer may have de -
vel oped tak ing the advantage of the ichnofauna burrows
and root traces.

In the ma jor ity of bore holes, par tic u larly in their up per
por tions (usu ally in Ho lo cene sed i ments), there ap pear root
hairs or slightly larger root traces (lithofacies Fb), most fre -
quently with rusty coat ings, as well as reed rods (lithofacies
Frr) and burrows.

In such sed i ments nu mer ous fruits of Triglochin mari-
timum and Juncus sp., nuts and scales of Betula nana, as
well as nuts of Carex sp. and Eleocharis palustris oc cur.
The first spe cies is rather rare in Qua ter nary sed i ments and
is cur rently in dan ger of ex tinc tion. It grows mainly on sea
shores and on halophilic, boggy mead ows, and sphag num
peat-bogs. An other halophilic spe cies is Zannichellia palu-
stris, which grows most fre quently in ex tremely eutrophic
or slightly-sa line, stand ing or slowly flow ing wa ters. It

grows at var i ous depths in lit to ral shal lows of lakes and
rivers. Un usu ally nu mer ous are the seeds of Poaceae sp.,
while ac com pa ny ing tree re mains are lack ing. Si mul ta neous 
oc cur rence of Cenococcum geophilum sclerotia in di cates an 
open char ac ter of veg e ta tion around the sed i men tary ba sin
as well as in creased solifluction pro cesses (£awrynowicz,
1983). The en vi ron ment of arc tic tun dra and in ten sively
boggy hab i tats are also in di cated by the com po si tion of the
malacofauna as sem blage (Stachowicz-Rybka et al., 2009b).

The ob served or in ter preted thick ness of Weichselian
fine-grained de pos its is quite vari able, ex ceed ing slightly 10 
m in sec tion No. 33 (Figs 2C, 3). The Ho lo cene de pos its are
even thin ner. Muds with in ter ca la tions of biogenic de pos its
are up to 5 m thick (section 32 N).

The muds are mostly coarse to fine silts with me dium
grain di am e ter (Mz) from 61.3 to 7.1 µm (Figs 5, 6). A fact
worth em pha siz ing is that, apart from bore hole No. 22 and
out crop No. VL 4, vari abil ity of the mean grain di am e ter
(Mz) is very low through out the sec tion, as shown best by
sed i ments from bore hole No. 15 (Fig. 5). In an over 4-m-
long drill core the Mz var ied from 18.4 to 13.9 µm. Only in
the basal part of the drilled se ries did the Mz in crease to
28.0 µm. On the con trary, in sed i ments from bore hole No.
22 (Fig. 5) a dis tinct sandy in ter ca la tion with a slight ad mix -
ture of peb bles was en coun tered at a 3.8 m depth. This sand
is as so ci ated with a no tice able wa ter flow and prob a bly in -
di cates the Pleis to cene/Ho lo cene strati graphic bound ary.
The top part of the core com prises finer-grained sed i ments.
Sed i ments of the mud lithofacies are poorly and very poorly 
sorted (s1), show ing pos i tive skew ness, as well (Sk1; Figs
5, 6).

Min er al og i cal com po si tion of sed i ments sam pled from
sec tions Nos 4, 15, 22 and 28 (Figs 2A, 2B, 5, 6) as well as
from No. VL 1 out crop (Fig. 1), de ter mined with the EDS is
highly ho mo ge neous. Both the fine sand and silt frac tions
are dom i nated by quartz grains. In the ma jor ity of ana lysed
sam ples quartz con sti tutes 90% of ex am ined grains. Other
com po nents are: K-feld spar, al bite and ad mix tures of other
min er als (Ta ble 1). In No. VL 1 and No. 4 sec tions vari able
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Ta ble 1

Rough min eral con tents (%)

Section/
depth (m)

Quartz
K-Feld-

spar
Albite Fe Ti

Plagio-
clase

Others

4/2.1 79.2 15.1 4.4 1.3 0.0 0.0 0.0

4/3.6 96.0 2.0 2.0 0.0 0.0 0.0 0.0

15/4.5 91.6 6.8 1.2 0.0 0.0 0.0 0.4

22/2.0 96.0 2.6 1.3 0.0 0.0 0.0 0.0

22/3.5 90.0 4.2 4.2 0.8 0.0 0.0 0.8

22/4.7 93.9 3.8 1.1 0.0 0.4 0.0 0.8

28/2.0 95.2 3.5 1.3 0.0 0.0 0.0 0.0

28/3.5 91.7 4.8 3.6 0.0 0.0 0.0 0.0

28/6.0 95.7 2.9 1.4 0.0 0.0 0.0 0.0

VL 1/4.5 96.2 0.0 1.9 0.0 0.0 1.9 0.0

VL 1/3.7 84.1 9.8 5.0 0.0 0.8 0.3 0.0



pro por tions of in di vid ual min er als are found (Ta ble 1, Figs
7, 8). It is worth not ing that in the de pos its sam pled in bore -
hole No. 22 (mainly at 4.7 m depth) the presence of glauco-
nite grains was recorded.

Ho mo ge ne ity of min eral com po si tion of the lithofacies
is also con firmed by the re sults of XRD anal y ses (Ta ble 2).
Clay min er als com pose up to 50% of the to tal min er als and
mostly are of mixed-layer struc ture (smectite-illite – S-I).
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Fig. 7. Sin gle el e ment scans and BSE im age of VL-1/1.36 sam ple

Fig. 8. Sin gle el e ment scans and BSE im age of VL-1/2.2 sam ple



Chlorite-ver mic u lite (Ch-V), micas and illite (about 15%),
kaolinite (about 10%), and chlorite (about 3%) were iden ti -
fied, as well. Apart from clay min er als, the sam ples con tain
quartz (about 20%), plagioclases (about 10%), K-feld spars
(about 7%), and ha lite (5–10%) as well as oc ca sional py rite
and gyp sum. In sec tion No. 28 no vis i ble changes of min eral 
com po si tion with the depth were en coun tered (sec tion No.
28; Ta ble 2); all sam ples con tain a sim i lar set of both clay
and non-clay min er als. The polymineral as sem blage of clay
min er als in di cates their de tri tal or i gin and the sim i lar ity in
com po si tion shows that the ma te rial orig i nated from the
same source area, i.e. the Carpathian flysch shales or clays
of the Carpathian Foredeep Ba sin. The pres ence of chlorite-
ver mic u lite as sem blage in al lu vial sed i ments can be pre -
sum ably as so ci ated with post-depositional soil processes
developing in a cool and moderately humid climate.

The com po si tion of heavy min er als is vari able (Ta ble
3). In the up per part of sec tion No. 28 small glob ules and
rounded grains of clayey siderites were ob served. Less fre -
quent are fine, iso met ric, mainly an gu lar grains, oc ca sion -
ally some what rounded or even coated with gar nets and am -
phi boles. Down the sec tion, iso met ric grains were found,
mainly re sis tant to weath er ing gar nets and pri mary iron ox -
ides (il men ite and mag ne tite), to gether with zir con, and a
small amount of poorly and very poorly coated min er als,
non-re sis tant to de struc tion and low-en er getic (eas ily mo bi -
lized and slowly de pos ited). In a spe cific part of No. 28 sec -
tion large amount of re sis tant staurolith was en coun tered
(Ta ble 3). In the up per part of sec tion No. 4 the amount of
heavy min er als is low, the most fre quent be ing hy drated
iron ox ides and tran sient phases formed dur ing py rite de -
com po si tion (goethite, li mo nite) as well as sin gle gar nets
and nu mer ous quartz grains, highly in fil trated with iron
com pounds. Be low, clayey siderites and spherosiderites
dominate, accompanied by small amounts of pyrite and rare
garnet grains.

These sed i ments are usu ally de void of car bon ates, ex -
cept lo cal oc cur rences. Rare malacofauna is one of the in di -
ca tors of carbonatization. Con sid er able con cen tra tion of
car bon ates (even up to 13 wt%; Figs 5, 6) pres ent in lower
seg ments of No. VL-1 and No. 22 sec tions points to both the 
leach ing from the up per seg ments and secondary concen-
tration.

The de scribed de pos its con tain vari able but high
amounts of or ganic car bon and or ganic mat ter (up to 3.6 and 
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Ta ble 2

Min eral com po si tion of fine grained de pos its, cal cu lated
half-quan ti ta tively by ra di og ra phy method

Section 28 15 4

Mineral composition
(wt%)

Depth (m)

2.2 4.0 5.0 6.2 3.3 2.2

Quartz 20 20 22 22 22 23

Plagioclases (9-466) 10 10 10 10 12 10

K-feldspars (12-703) 7 10 7 7 7 7

Halite (5-628) 5 5 7 5 5 1

Pyrite (6-710) 1 1 1 1 3 0

Gypsum (33-311) 0 0 0 0 0 7

Kaolinite (6-221) 10 12 10 10 10 10

Micas/illite (26-911) 15 17 15 15 13 10

Chlorite (16-362) 3 2 2 3 3 3

Illite-smectite,
chlorite-vermiculite and
amorphous phases 

29 23 26 27 25 29

Total of clay minerals 57 54 53 55 51 52

Num bers of stan dards in ICDD base are put in brack ets

Ta ble 3

Con tents of heavy min er als

Sample
section/
depth
(m)

Number 
of

grains

Content of minerals (%)
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28/2.5 945 2.33 0.42 0.00 0.42 0.11 6.56 0.63 1.27 0.11 0.00 0.00 0.21 0.11 87.83 0.00 0.00 0.00 0.00

28/3.5 490 5.31 0.41 0.00 0.00 0.00 38.78 3.06 11.02 3.27 0.00 0.82 1.63 0.00 0.00 28.57 0.00 2.24 4.90

28/4.5 608 4.93 0.49 0.00 2.63 0.00 41.78 0.82 1.64 0.49 0.00 0.66 9.54 0.00 30.43 5.43 0.33 0.00 0.82

28/5.5 482 4.36 0.62 3.53 4.56 0.00 52.28 1.66 1.87 0.00 0.41 0.00 8.51 0.21 13.49 5.81 0.83 1.45 0.41

28/6.8 478 3.35 0.42 1.05 0.84 0.00 33.89 6.07 2.51 0.84 1.46 1.26 5.44 0.63 0.00 39.12 0.00 1.88 1.25

4/1.3 139 0.00 0.00 0.00 0.00 0.00 6.47 0.00 0.72 1.44 0.00 0.72 0.72 0.00 0.00 0.00 0.00 89.3 0.00

4/2.2 331 0.00 0.00 0.00 0.00 0.00 2.42 0.00 0.00 0.00 0.00 0.00 0.60 0.30 0.00 0.00 0.00 21.5 75.53

4/3.5 436 2.06 0.23 0.46 1.61 0.46 15.83 0.00 0.69 0.00 0.00 0.46 0.00 0.23 73.39 0.00 0.00 0.00 4.59

4/4.2 384 1.04 0.00 0.00 0.00 0.00 1.82 0.00 0.00 0.00 0.00 0.00 0.78 0.00 0.00 0.00 0.00 0.00 96.35

15/4.7 583 0.51 0.17 0.17 0.17 0.00 9.78 0.00 0.34 0.00 0.00 0.00 1.03 0.17 0.00 0.69 0.00 86.6 0.00



5.8 wt%, re spec tively). These in creased val ues may be as so -
ci ated with the Fb and Frr lithofacies. Sig nif i cantly lower
amounts of these com po nents are found in the PF fine-
grained sed i ments (Figs 5, 6), what prob a bly re sults from
both quick de po si tion pre vent ing the de vel op ment of veg e -
ta tion and the young age of de pos its (Soko³owski & Stacho- 

wicz-Rybka, 2009). Still lower val ues of or ganic car bon
and or ganic mat ter (0.5 and 0.8 wt%, re spec tively) are
observed in the Recent sediments.

The re sults of SEM grain sur face micromorphology
anal y sis of the 0.1–0.03 mm quartz frac tion show that the
grains are char ac ter ized by a me dium or low re lief (Fig. 9).
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Fig. 9. Micro struc tures of grains of the sandy frac tions in SEM



This means that the microrelief of the grain sur faces is in -
sig nif i cant. Only in sed i ments from No. VL-1 (3.7 m depth)
and No. 28 (3.5 and 6.0 m depths) sec tions, were grains of a
high re lief ob served. The sur faces of the vast ma jor ity of
quartz grains are dom i nated by micro struc tures as so ci ated
with chem i cal weath er ing, both etch ing and coat ing (Fig.
9). Abrasional micro struc tures are ob served only at the sur -
faces of sin gle grains and are as so ci ated with low fre quency
frac tures. More over, their vari abil ity is lim ited to only a few 
mi cro forms (conchoidal frac tures, frac ture faces, arc-
shaped steps and break age blocks), which can be re garded
as a char ac ter is tic fea ture of such fine grains (Woronko,
2007). The pro cess of quartz sur face etch ing is ob served in
the ma jor ity of grains, but with vari able in ten sity. Usu ally,
these are ir reg u lar sur faces (dis so lu tion sur faces, Fig. 10A)
or ir reg u larly shaped so lu tion pits (Manker & Pon der, 1978; 
Fig. 9). In sec tion No. 22, the pro cess is so ad vanced in sin -
gle grains that the re sult ing microrelief can be de scribed as a 
spongy sur face (Fried man et al., 1976). More over, both
point and lin ear con cave mi cro forms (so lu tion pits and cre -
vasses) are ob served. The for mer are oval holes or
V-shaped pits. Ori ented etch ing pits, re flect ing de fects in
the crystallographic network of quartz grains, occur at the
surfaces of single grains from section No. 22.

The pro cess of sur face coat ings is vis i ble in all ana lysed 
grains ir re spec tively of sam pling depth (Fig. 9) but with va-
riable in ten sity: from the ini tial (Fig. 10B) to the ad vanced,
the lat ter com pletely mask ing the pre-ex ist ing microrelief
(Fig. 10C). Two types of crusts were dis tin guished: platy
ppt and smooth ppt (Fig. 10B & D) (Woronko, 2007). These 
are formed mostly by amor phous sil ica, po tas sium alumosi-
licates, and fer ric ox ides (Figs 7, 8). The first type forms
fuzzy, un even sur faces (Woronko, 2007). In the ini tial form
this type of crust is ob served only within microhollows,
leav ing all the con vex grain frag ments uncrusted (Woronko, 
2007). In con trast, the smooth ppt type crust forms con tin u -
ous and smooth coats evenly cov er ing the whole grain sur -
face, re gard less of how ad vanced are the pro cesses and the
grain micromorphology (Fig. 10D). Most of the ex am ined
grains (60% to over 90%) re veal the platy ppt-type crust
(Fig. 9). The par tic i pa tion of grains with a smooth ppt crust
usu ally does not ex ceed 35% (Fig. 9) and ex cep tion ally
amounts up to 76% of the ana lysed grains (sec tion No.
22/3.5 m). There is a sig nif i cant par tic i pa tion of grains with
sur faces coated with both the platy and smooth crusts. In
microhollows we ob served the crust of platy ppt type,
whereas at the edges and over all con vexes the smooth ppt
type oc curred. Apart from coated sur faces of grains, fresh
and un coat ed sur faces were also seen (Fig. 10E). The pro -
cesses of crust ing and etch ing are re spon si ble for round ing
the grain edges. There also oc cur grains of over growth sil -
ica (Figs 9, 10F), show ing dif fer ent stages of crys tal li za tion, 
from an ini tial one to a com plete idiomorphic crys tal. More -
over, some of the grains show amor phous forms with well
de vel oped crys tal planes (Fig. 10G & H). Grains of such
type are found in vari able amounts, from 0 to about 65%. In
sed i ments from bore hole No. 28, grains of this type were re -
corded at both 5.0 m (28%) and 6.0 m (65%) depths. A
slightly lower amount was re corded in bore hole No. 22,
within sed i ments at 4.5 m depth (39%), and in No. VL-1

out crop, at 3.7 m depth (28%). In other ana lysed samples
the percentages of this type of grains did not exceed 10% or
the grains were absent (Fig. 9).

Prox i mal floodplain fine-grained sed i ments (mud,
sandy mud, silty sand)

The fine-grained sed i ments are of Ho lo cene age and oc -
cur ex clu sively in ex po sures along the Velyky Lukavets
River bed, also over ly ing the coarse-grained sed i ments. To
some ex tent, sed i ments from sec tions Nos 5N and 7 (Figs 1,
2B) are of a sim i lar po si tion and de vel op ment. Thus, their
sec tions did not ap pear in Figs 3, 4. The sed i ments show
high vari abil ity. Dom i nant are brown muds (F), silty sands
(SF) and sandy muds (FS) with hor i zon tal (SFh, FSh), wavy 
(SFw, FSw), flaser (SFf) and rip ple-cross (SFr) lami na tions. 
In the higher parts of the sec tions mas sive muds (Fm) and
hor i zon tally lam i nated muds (Fh) were fre quently re corded. 
The rhythms of fin ing-up ward se quences ap pear, as well,
of ten in clud ing three seg ments: SFh®FSh®Fh, some times 
SFh®FSh®Fm or SFr®SFw(FSw)®SFf(FSf). Cy cles of
a pennsymmetric se quence (Teisseyre, 1988) with the SFh
mem ber were also ob served. Lo cally, the top of the se -
quence is oc cu pied by a mas sive mud (Fm) lithofacies. In
these sec tions in ter ca la tions of me dium- and even large-
scale Gp, GSp and, oc ca sion ally, GSh and GSl lithofacies
lo cally ap pear. Their thick ness rarely ex ceeds 2 m.

These de pos its are in many places dis sected by palaeo-
ox bows and cre vasses. Such wash outs are filled with silty
sand and sandy mud, de vel oped as SFr, SFw and FSr
lithofacies, and in the lower parts oc ca sion ally as St or even
Gt lithofacies. The lat ter lithofacies is ac com pa nied by
small mud balls and nu mer ous plant re mains (branches,
leaves, and seeds).

Above the val ley bot tom and at the base of slopes sur -
round ing the val ley, yel low and grey ish-yel low muds and
sandy muds (lithofacies Fs) ap pear, usu ally less than 1.5 m
thick.

Biogenic sed i ments (peat, peat mud, biogenic mud)

Biogenic sed i ments ap pear in var i ous seg ments of the
ana lysed sec tions and in var i ous mor pho log i cal po si tions.
Rarely, the sed i ments rest di rectly upon the salt-bear ing
Vorotyshcha beds, but com monly form sev eral, in de pend -
ent in ter ca la tions within over ly ing silty strata. More over,
these are lo cated at very shal low depths, just be low a thin
layer of over bur den or even at the surface.

The peat (lithofacies Cp) is usu ally brown or dark
brown, oc ca sion ally al most black, with plant re mains at dif -
fer ent stages of de com po si tion. Peat al ways con tains some
mud ad mix ture. Quite char ac ter is tic is peat with nu mer ous
Phragmites re mains, usu ally found in the top parts of the
sec tions. How ever, palaeobotanical re search did not con -
firm high con tents of reed seeds within these ho ri zons and
out crop ex am i na tions in di cate that rhi zomes of Phragmites
aus tra lis grew into the de posit down to about 1.5–2 m
depth. Peat, which oc curs at shal low depths (usu ally down
to 1.5 m), con tains rhi zomes of Phragmites aus tra lis and is
commonly highly saturated with bitumen.
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Fig. 10. Micro struc tures on quartz grain sur faces in SEM. A – dis so lu tion sur face (sec tion 28/6.0), B – platy ppt coat ing (4/2.1), C – ini -
tial form of platy ppt coat ing (15/4.5), D – smooth ppt coat ing (22/3.5), E – new conchoidal frac tures (4/2.1), F – quartz grain with
overgrowths quartzes (28/6.0), G – amor phous grain (28/6.0), H – in ten sive etch ing of over growth quartz (28/3.5)



Lo cally, this peat con tains a high ad mix ture of dis -
persed mud (peat mud – Cm lithofacies) or grades into a
mud (some times silty) with a no tice able ad mix ture of fine
plant re mains (biogenic mud – Co lithofacies). In such rocks 
plant re mains are usu ally strongly de com posed and of ten
hard to iden tify mac ro scop i cally. Biogenic or i gin of these
de pos its is con firmed by the high est con tents of or ganic car -
bon and or ganic mat ter, reach ing 4.5 and 7.8 wt%, respe-
ctively.

Thick ness of biogenic de pos its var ies from a few to
some tens of centimetres but lo cally, es pe cially in the vi cin -
ity of the Rinne Stream, interbeds of biogenic sed i ments
reach thick ness even up to about 1 m (e.g., sec tions Nos 13,
14, 22, 23 and 24; Figs 2A, 2B, 3, 4).

In young ero sional cuts ob served in out crops, ac cu mu -
la tions of largely di ver si fied plant macrofossils were found
as in ter ca la tions in silt or silt-sandy de pos its. The macro-
fos sils do not show ad vanced humification pro cesses and
form iso lated, me dium-scale sets (Cd). Anal y sis of plant
macroremains (Ga³ka, 2009) from such de pos its in the
Dashevets Stream val ley points to the pres ence of nu mer ous 
tree re mains, the spe cies com po si tion of which in di cates a
warm pe riod of the Ho lo cene. These are: fruits of Carpinus
betulus, nee dles, seeds and flower-bud scales of Picea abies
and Pinus sylvestris, nee dles of Abies alba, as well as fruits
of Alnus glutinosa. Such abun dance of tree re mains may ev -
i dence sed i men ta tion co eval with the pe riod when the area
was cov ered by a for est of high spe cies di ver sity. A sim i lar
type of flora was also de scribed by Rogala (1907) from the
adjacent Maly Lukavets River valley.

Slope de pos its

Yel low, grey-yel low and oc ca sion ally grey muds and
sandy muds of slope de pos its (SD) ap pear above the val ley
bot tom and at the base of slopes sur round ing the val ley (sec -
tions Nos 106, 107 and 112–117, Figs 1, 3, 4) and mostly do 
not ex ceed 3.6 m in thick ness. Li thol ogy of such sed i ments
was not in ves ti gated in de tail; only a field de scrip tion of
drill cores was recorded.

Mine dump

The mine dump forms a con tin u ous layer of wastes in
the SE part and a dis con tin u ous layer in the north ern and
NW parts of Ropyshche area, over ly ing the above de -
scribed, nat u ral sed i ments. In the wastes, which have been
ac cu mu lat ing at a large scale since the 19th cen tury, brec -
cia-like ma te rial was iden ti fied com pris ing quartz grains,
sand stones, marls, gyp sum and ozokerite frag ments to -
gether with bricks, con crete, ce ram ics, slag, wood and metal 
frag ments em bed ded within silty ce ment. In the north ern
part of the Ropyshche area (start ing from geo log i cal
cross-sec tion B-B’; Fig. 1) mine wastes form a dis con tin u -
ous layer, less than 2.5 m thick (sec tion No. 31). South ward, 
the thick ness of wastes abruptly in creases and reaches al -
most 11 m (sec tion No. 38; Figs 5, 6). In some bore holes
even thicker wastes were en coun tered but it is probable that
these wells were spud in old shafts.

In ter pre ta tion

In the Velyky Lukavets River val ley all subenviron-
ments typ i cal of flu vial val leys were de vel oped: river chan -
nels and floodplains with hol lows filled with biogenic depo- 
sits. Anal y sis of land forms ac com pa nied by tex tural and –
for out crops – struc tural stud ies of sed i ments al low us to de -
termine the con di tions pres ent at the time of sed i ment trans-
port and de po si tion, as well as the char ac ter of post-deposi-
tional pro cesses af fect ing the sed i ments. Sig nif i cant pieces
of in for ma tion were also pro vided by palaeobo tan i cal and
malacological stud ies (Stachowicz-Rybka et al., 2009a, b).

Rare out crops with some times only fragmentarily ex -
posed coarse-grained grav els, which build lay ers of chan nel 
sed i ments (CS), did not al low the au thors to run more de -
tailed sedimentological anal y sis. How ever, all the dis tin -
guished lithofacies should be re garded as river chan nel de -
pos its. The Gm lithofacies, lo cally rest ing di rectly upon the
ero sional sur face, can be as so ci ated with the be gin ning of
the de cline of flood wa ters. The Gh, Gp and Gt lithofacies,
in clud ing the above men tioned ver ti cal se quences of sed i -
ments, prob a bly in di cate de po si tion dur ing down stream mi -
gra tion of rif fles and their fill ing of the pools (cf. Nemec,
1984; Brierley, 1989). More over, such forms are found in
the pres ent-day bed of the Velyky Lukavets River. Rarely
oc cur ring Gl and Gl®GSl lithofacies can be re garded as the 
ef fects of river outwash scour ing.

Both the tex tural and struc tural di ver sity of fine-grained 
de pos its, and the pres ence of biogenic ma te rial al lowed for
the dis tinc tion (fol low ing Zwoliñski, 1992) of subenviron-
ments of prox i mal and dis tal floodplains (al lu vial ridge and
flood ba sin; see Bridge, 2003).

The prox i mal floodplains (PF) sed i ments were found
only in the top of the Ho lo cene ter race I, close to the Velyky 
Lukavets River bed (Figs 3, 4) and in the re cent floodplain.
How ever, be cause of their young age, these de pos its were
not the main sub ject of the study, and their anal y sis was not
detailed.

On one hand, the de scribed sed i ments re sem ble those of 
floodplains of me an der ing gravel-bed rivers (Teisseyre,
1988) but on the other hand, the suc ces sion of sed i men tary
struc tures makes them some what sim i lar to floodplains of
sand-bed braided rivers (e.g., Abdullatif, 1989; Singh &
Bhardwaj, 1991; Zieliñski, 1998). Nev er the less, these sed i -
ments are more fine-grained in com par i son to the lat ter.
More over, plant re mains of dif fer ent size tend to ap pear
through out the stud ied sec tions. The top most parts of the
sections, a few tens of centi metres thick, host anthropogenic 
ma te rial: brick frag ments, mine wastes, frag ments of
boards, bot tles, plas tic wraps, etc. The in ter ca la tions of me -
dium- and even large-scale Gp, GSp and, oc ca sion ally, GSh 
and GSl lithofacies prob a bly rep re sent sed i ments of cre-
vasse splays and/or deltaic cones (Zwoliñski, 1992).

The dis tal floodplain (DF) sed i ments, rep re sented by
lithofacies Fm, Fb, Fr, also Cp, rep re sent both the Pleis to -
cene and the Ho lo cene. The for mer are more fre quently
found in bore hole logs, es pe cially in the west ern part of the
Ropyshche area. These were also re corded in No. VL-1 and
VL-3 out crops. Ho lo cene sed i ments are usu ally exposed in
outcrops.
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For the DF sed i ments, the graphs of mu tual re la tion -
ships of se lected in di ces af ter Folk and Ward (1957), i.e.,
the mean grain di am e ter (Mz), sort ing (s1) and skew ness
(Sk1), show un equiv o cally that the ma jor ity of ex am ined
silt de pos its ac cu mu lated in stand ing wa ter, ei ther from sus -
pen sion or from very calm flow (Fig. 11). Re fer ring to the
re sults of the Ludwikowska-Kêdzia’s (2000) study of de -
pos its fill ing the Belnianka River val ley (the Holy-Cross
Moun tains, Po land), the ex am ined sed i ments rep re sent ba -
sin fill. It should be em pha sized that dur ing the whole time
of their ac cu mu la tion the en vi ron men tal con di tions re -
mained con stant through out most of the in ves ti gated area.
This is re flected by a very nar row range of sed i ment frac tion 
changes. Rarely and only lo cally (e.g., sec tion No. 22), ep i -
sodes are marked of the sup ply of sandy ma te rial or fine
grav els (Figs 5, 6). The char ac ter of these lithofacies and the 
fact that clear ero sion sur faces are rarely found point to a
non-channelized sheet flow of a very low stream power. On
the other hand, when plot ted in Mz vs. s1 and Sk1 vs. Mz
graphs, the sed i ments form a cloud of points scat tered in the
up per parts of graphs (Fig. 11). This is prob a bly an ef fect of
tur bid ity cur rents or a rep re sen ta tion of highly fine-grained
river-chan nel sed i ments. Sed i ments at tain ing the larg est
mean di am e ters of grains (Mz) in graphs of re la tion ships of
in di ces are also worth con sid er ation (Fig. 11). It is likely
that these are scoured sed i ments of a fine-grained river-bed
pave ment. Tak ing into ac count the fine grain size of de pos -
its, it can be as sumed that their ac cu mu la tion oc curred in the 
dis tal part of the ba sin. The shal low ba sin is also in di cated
by veg e ta tion of the Cp and Fp lithofacies (sec tion No. 22).
In the lower part, small amounts of seeds of aquatic plants
were iden ti fied: Zannichellia palustris, Batrachium and
Potamogeton filiformis, which pre fer shal low depths (less
than 2 m of highly trophic wa ter). At boggy sites or on
muddy, dry ing shore frag ments, plant com mu ni ties with
Bidens tripartita were likely to oc cur. In the strip of land

sur round ing the lake, the rushy plant com mu ni ties were
dom i nated by Juncus sp. and Eleocharis palustris, and more 
drier hab i tats con tained grasses, par tic u larly the halophytic
Puccinellia distans. Palynological stud ies re corded mi nor
amounts of pine, birch, al der and larch pol len grains. In both 
mi cro- and macroanalysis there is a re cord of Betula nana,
the pres ence of which, to gether with Juniperus sp. and Salix 
herbacea, proves that the land scape around the lake had a
char ac ter of a shrub tun dra.

The de po si tion of muds prob a bly oc curred in a cool cli -
mate, as re vealed by both palaeobotanically ex am ined bore -
holes (No. 22 and mostly in No. 28), where only sin gle plant 
re mains were found or where no plant re mains oc curred. A
likely ex pla na tion might have been quick sed i ment de po si -
tion pre vent ing de vel op ment of more lux u ri ant veg e ta tion.
The pres ence of stag nat ing wa ters is also in di cated by the
char ac ter of malacofauna (Stachowicz-Rybka et al., 2009a,
b). De po si tion in swamp con di tions, with pe ri odic and ep i -
sodic en er getic flows (in di cated by sin gle CS in ter ca la tions) 
con tin ued in the Ho lo cene and has lasted al most to the his -
tor i cal times (cf. Soko³owski & Stachowicz-Rybka, 2009).

The re sults of micromorphological anal y sis of quartz
grain sur faces car ried out for fine sands and silts show that
the de tri tal ma te rial was sup plied from en vi ron ments
shaped by dif fer ent pro cesses. Most of ex am ined grains
bear traces of in ten sive chem i cal weath er ing, but com -
pletely an gu lar grains with conchoidal frac tures and sharp
edges also oc cur. The for mer dom i nate mostly in coarse
silts or fine sands, whereas fresh grains typ ify the fin est de -
pos its. Chem i cal weath er ing af fected the grain sur faces in
var i ous ways. Chro no log i cally, the first stage of the sur face
shap ing in the ma jor ity of grains was as so ci ated with in ten -
sive etch ing (Fig. 12A). As an ef fect, a rough, ir reg u lar sur -
face (dis so lu tion sur face) was formed and ev ery edge and
cor ner of the grain be came rounded. Ac cord ing to Gautier et 
al. (2001), the etch ing in these places was rel a tively easy
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Fig. 11. Re la tion ship be tween mean grain di am e ter (Mz), stan dard de vi a tion (s1), and skew ness (Sk1) with ref er ence to ex am i na tion of
the Belnianka River de pos its (grey con tour – ac cord ing to Ludwikowska-Kêdzia, 2000)



be cause of quartz crys tal struc ture. This pro cess might have
oc curred in var i ous en vi ron ments, pro vided that the pH of
the so lu tion was above 9 or be low 3.5 (Dove & Rimstidt,
1994; Brehm et al., 2005). The pro cess in ten sity in creased
with the pres ence of hu mid ac ids (Kamiya et al., 1974;
Howard et al., 1995) and with the de creas ing grain size
(Margolis, 1968; Schulz & Whrite, 1999). In the next stage,
chem i cal weath er ing led to encrustation with smooth ppt
crusts. Most prob a bly, this type of crust was as so ci ated with 
high min er al iza tion of cir cu lat ing so lu tions and low
amounts of clay frac tion within the de pos its (Woronko,
2007). Hence, a change in en vi ron men tal con di tions oc -
curred as so ci ated with pH low er ing. Pref er a bly, in the case
of a very high supersaturation of the so lu tion with sil ica a si -
mul ta neous crys tal li za tion of over growth quartz took place
(Subramanian, 1975; Higgs, 1979). In the sub se quent stage
the grains were also sub jected to encrustation; how ever, the
re sult ing crust was of platy ppt type (Fig. 9). Most prob a bly, 
encrustation of that type took place in en vi ron ments of low
ag gres sive ness of so lu tion and of high par tic i pa tion of the
clay frac tion in the sed i ment (Woronko, 2007). The fi nal
pro cess which shaped the ex am ined grain sur faces was me -
chan i cal weath er ing re corded by fresh conchoidal frac tures
(Figs 10E, 12B). High vari abil ity of grain sur faces and,
most of all, dif fer ent de gree of encrustation prove that the
grains orig i nated from dif fer ent sources, for in stance from
var i ous parts of drain age ba sin. The pres ence of sin gle glau- 
conite grains in the de pos its may in di cate that the main
sources of ma te rial, which com prise the basal parts of above 
men tioned sec tions, were waste cov ers of dif fer ent ages, in -
clud ing those de vel oped on ma rine sand stones (MÝrk &
Moen, 2007). This is ob vi ous when con sid er ing the geo log -
i cal struc ture of the drain age ba sin. Such or i gin of the ma te -
rial is also sup ported by the com po si tion of the heavy frac -
tion, which is clearly dom i nated by min er als highly re sis tant 
to weath er ing (Ta ble 3). More over, a high pro por tion of in -
ten sively etched grains, with over growth quartz at the sur -
face and the pres ence of amor phous sil ica, may also in di cate 
weath er ing crusts as sources of ma te rial (Kim & Lee, 2004;
MÝrk & Moen, 2007). Fi nally, the rep re sen ta tion of weath -

er ing cov ers of the dif fer ent ages within the ex am ined de -
pos its may be proved by dif fer ent de grees to which over -
growth quartz sur faces are weath ered, as shown in sed i -
ments from sec tions No. 28 (mainly at the depths of 3.5 m
and 6.0 m) and No. 22 (mainly at a depth of 4.5 m). The sed -
i ments were ac cu mu lated in the Mid dle Pleniglacial, in cold
cli ma tic con di tions, in which a veg e ta tion typ i cal of a dwarf
shrub tun dra was de vel oped (Soko³owski & Stachowicz-
Rybka, 2009). Se ver ity of cli mate is ev i denced by the pres -
ence of grains with a fresh sur face (par tic u larly in sed i ments 
orig i nat ing from basal parts of the sec tion), be ing an ef fect
of me chan i cal weath er ing. De te ri o ra tion of old weath er ing
cov ers is in di cated by the dom i nance of highly etched
grains, in clud ing over growth quartz, in the sed i ment. In up -
per parts of sec tions, sed i ments of that age bear grains with
a higher de gree of encrustation, that are likely to be asso-
ciated with an im prove ment in en vi ron men tal con di tions.
Such an im prove ment is con firmed by re sults of palynolo-
gical anal y sis (Soko³owski & Stachowicz-Rybka, 2009).
The pres ence of py rite in top sed i ments rep re sent ing this pe -
riod (Ta bles 2, 3) in di cates their short-dis tance trans port
(Barczuk & Nejbert, 2007).

The in crease in the amount of fresh grains or grains
with the platy ppt encrustation (e.g., in sed i ments con form -
able with the Weichselian Late Pleniglacial and Youn ger
Dryas) may in di cate ma te rial sup ply from the sources dom i -
nated by me chan i cal weath er ing, for in stance frost ac tion,
with si mul ta neous ma te rial sup ply from old weath er ing
cov ers. An ef fect of frost ac tion is the pro duc tion of quartz
grains of the silt frac tion (Wright et al., 1998). It may be as -
so ci ated with a pe riod of se vere cli ma tic con di tions and re -
duc tion of veg e ta tion cover. In such con di tions a sup ply of
min er al og i cally more di ver si fied ma te rial oc curred, in clud -
ing de pos its un af fected by in ten sive chem i cal weath er ing.
Based on the fact that fresh, non-en crusted grains are found
mainly in fine- and me dium-grained silt frac tions, one can -
not ex clude that a part of sed i ments fill ing the val ley bot tom 
was trans ported by wind and ac cu mu lated in places of
higher hu mid ity or on the lee ward sides of large field ob sta -
cles. Both fac tors might have been in volved here. An al ter -
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Fig. 12. Micro struc tures on quartz grain sur faces in SEM. A – in ten sive etch ing quartz grain with platy ppt coat ing (15/4.5), B – coated
grain with new conchoidal frac ture (22/2.0)



ation in the com po si tion of heavy min er als, re corded in top -
most parts of sec tions (e.g., section No. 28; Table 3), may
also support this assumption.

The above men tioned cli ma tic changes are not re corded 
in many prop er ties of the sed i ment, like grain size and grain
sur face microrelief. How ever, as van Huissteden et al.
(2001) and Vandenberghe (2002) showed in their stud ies,
cli ma tic changes, es pe cially of short du ra tion, are not re -
corded in flu vial de pos its. Com par i son of pres ent-day and
older sed i ments, in clud ing the Weichselian ones, in di cates
that in the past the Velyky Lukavets was a river of conside-
rably lower energy.

The cu ri ous fea ture of the Velyky Lukavets River (in
fact, a fore land river) is the high thick ness of overbank de -
pos its. In the Ropyshche area, the floodplain de pos its con -
sti tute 50 – 100% of to tal thick ness in most of ex am ined
sec tions. So far, such pro por tions have not been re corded in
de pos its fill ing the river val leys of the Outer East ern
Carpathians and the Carpathian Fore land in the Ukraine (cf.
Raskatov, 1966; Kravchuk, 1999). Even in the large Ukrai -
nian river val leys, where higher amounts of fine-grained
ma te rial are de pos ited, the par tic i pa tion of overbank de pos -
its is es ti mated as 10–20% (Matoshko et al., 2004).

It seems likely that the Velyky Lukavets River was a
meandering or anastomosing (anabranching) river (cf. Tei-
sseyre, 1992; Gradziñski et al., 2000; Vandenberghe,
2001), as in di cated by both lithological data and the pres -
ence of peat-form ing veg e ta tion. Some spe cies re corded at
Starunia (e.g., Phragmites aus tra lis, Typha latifolia and
Bidens sp.) are also en coun tered in river chan nels and on
side bars of anastomosing rivers, and con trib ute greatly to
the for ma tion of peat-bogs and to the de po si tion of min eral
sed i ments (Gradziñski et al., 2003a, b).

Also, it is pos si ble that the large thick ness of overbank
de pos its can be as so ci ated with damm ing of the out flow of
the Velyky Lukavets River to the north, which re sulted in an 
in crease of wa ter level, re duc tion of river bed gra di ent as
well as for ma tion of swamps and a pe ri od i cal lake or lakes.
The dam prob a bly oc curred in a nar row ing of the al lu vial
ter race I and the re cent floodplain, close to a cone-like hill.
It can not be ex cluded that dur ing the last gla ci ation, when
the ma jor ity of de scribed de pos its were formed un der con -
di tions con trolled by the per ma frost (Soko³owski & Stacho- 
wicz-Rybka, 2009), the lakes could have had the char ac ter
of thermokarst lakes. How ever, the rea sons of the wetlands
for ma tion should be searched for be yond the periglacial
pro cesses. There are a few pos si bil i ties, though none of
them can be proved un equiv o cally. The re sis tance to de nu -
da tion of the salt-bear ing Vorotyshcha beds and the Slo-
boda Con glom er ates, which build the bed rock in this part of 
the val ley, does not al low for link ing the de scribed val ley
nar row ing to lithological dif fer ences. An other rea son could
be ei ther strike-slip or oblique-slip tec tonic move ments
along one of the per pen dic u lar faults that are marked on the
geo log i cal maps of Koltun et al. (2005) and Korin (2005).
Per haps, one such fault runs along the north ern side of the
Dashevets Stream val ley, caus ing a mi nor, SW-di rected
shift of the ridge on which Starunia is lo cated. Sim i lar cases
of wetlands de vel op ment in flu vial val leys up stream of
cross-cut ting fault zones were de scribed by So³tysik (2000)

from the Holy Cross Moun tains. Land slides de scend ing
down the right slope of the val ley to the north of the pre vi -
ously men tioned hill can not be ex cluded, ei ther. Mi nor
slope move ments are ob served in this area up to day. Land -
slide tongues con nected with seis mic shocks dur ing fault re -
ac ti va tion might have pe ri od i cally dammed the out flow of
river wa ters. Such damm ing must have lasted un til his tor i -
cal times (Soko³owski & Stachowicz-Rybka, 2009) when
sed i men ta tion was more and more affected by human acti-
vity, causing an increase in the grain size of overbank depo-
sits (Fig. 11) and an admixture of anthropogenic material.

GEO LOG I CAL FUN DA MEN TALS
OF FUR THER EX PLO RA TION FOR
LARGE MAM MALS IN STARUNIA

Among many geo log i cal cri te ria per ti nent to pre dic tion
of the sites where large mam mals can be dis cov ered, the
most im por tant are: (i) Pleis to cene age of sed i ments, (ii) li -
thol ogy lim ited to muds, clayey muds and biogenic de pos its 
(peats, peat muds and biogenic muds), and (iii) thick ness of
these sed i ments. It must be em pha sized that each of above
men tioned sed i ments can be lo cally sat u rated with bi tu mens 
and brines (Kotarba et al., 2009b).

The ab so lute age datings as well as the char ac ter of
plant re mains and malacofauna (Kuc et al., 2009; Soko³ow-
ski & Stachowicz-Rybka, 2009; Stachowicz-Rybka et al.,
2009b) un doubt edly show that sed i ments fill ing the bot tom
of the Velyky Lukavets River val ley are of Late Pleis to cene
(Eemian Inter gla cial – Late Weichselian) and Ho lo cene
ages (OIS 5e – 1) (Figs 3–5). The cru cial fac tor in ex plo ra -
tion for par tic u lar fauna spe cies is the lo cal iza tion of Pleis -
to cene/Ho lo cene bound ary. As the en vi ron men tal con di -
tions dur ing most of the Ho lo cene did not dif fer from those
dur ing the Weichselian, and as de po si tion was con tin u ous,
no lithological dif fer ences exist between sediments from
both stages.

This lack of dif fer ences pre cludes the ap pli ca tion of
lithostratigraphic (Soko³owski & Stachowicz-Rybka, 2009) 
and morphostratigraphic (Soko³owski, 2009) pro ce dures.
Hence, in sec tions lack ing the age de ter mi na tions, the Pleis -
to cene/Ho lo cene bound ary was in ter preted (Figs 2A, 2B,
2C, 3, 4) us ing var i ous cri te ria. Usu ally, the bound ary was
po si tioned at a depth sim i lar to ad ja cent bore holes, for
which age doc u men ta tion of drilled sed i ments was com -
pleted. In some cases the bound ary was lo cated close to the
bot tom of biogenic sed i ments. In the au thors’ opin ion pos si -
ble es ti ma tion er ror of the depth to the Pleis to cene/Ho lo -
cene bound ary var ies from 0.5 to 1.0 m. Such a method of
Pleis to cene/Ho lo cene bound ary po si tion ing was ap plied for 
the ma jor ity of sec tions (Nos 4N, 28, 30, 30N, 33 and 36N;
Fig. 3). Most pre cisely, the bound ary was de ter mined in
sec tions for which palynological stud ies were com pleted
(Nos 4’, 22, 28 and VL 1). For the re main ing sec tions, for
which ab so lute ages were de ter mined (sec tions Nos 1, 2, 3,
13, 23, 24, 25 and 42), the estimation error is less than
0.5 m.

Pleis to cene muds form in di vid ual lay ers only in sec -
tions Nos 15 and 28. In the re main ing sec tions the in ter ca la -
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tions of biogenic de pos its were found, which con sti tute in
the ex treme up to 75% of thick ness of Pleis to cene sed i ments 
(sec tion No. 24). More over, Pleis to cene muds and biogenic
sed i ments were en coun tered in most of stud ied sec tions ex -
cept for the vi cin ity of the Rinne Stream, east of Nos 1 and 4 
bore holes, and in the south ern part of Ropyshche, in bore -
holes Nos 5N, 6N, 7 and 8. The thick est Pleis to cene muds
and biogenic de pos its (10.6 m) were ob served in sec tion
No. 33 and thick nesses ex ceed ing 6 m were mea sured in
Nos 15, 26, 28, 30N and 36 bore holes, while in Nos 3, 21,
22 and 30 bore holes thicknesses of these strata were close to 
5 m.

A com monly quoted state ment of Olszewski (see
Zuber, 1885) on the pres ence of plant re mains in the shafts
at depths ex ceed ing 35 m was later repeatadly linked with a
large thick ness of Qua ter nary de pos its. Also dur ing ex ca va -
tions in 1907, in shaft No. IV (Fig. 1), in a mud close to
mam moth and rhi noc eros re mains found at 17.6 m depth,
nu mer ous fruit, leaves and wood frag ments were found
(Raciborski, 1914a, b; Szafer, 1914). How ever, the type of
this veg e ta tion did not cor re spond to the Pleis to cene flora, it 
rather in di cates re cent (Ho lo cene) flora from nearby. Later
ex ca va tions re vealed that both mam mal and plant re mains
were found in sec ond ary ground (Nowak & Panow, 1930;
Szafer, 1930), but the con cept of the Mio cene top sur face
lo cated at least at 17 m depth has re mained in the literature
until now (Paw³owski, 2003).

In the Ropysche area, the top of the salt bear ing Lower
Mio cene Vorotyshcha beds oc curs at depths from 2.0 to
13.5 m, mostly about 10 m (Figs 2A, 2B, 2C, 3, 4).

The ob tained re sults sup port the views of Mitura
(1944). Un doubt edly, the de pos its de scribed in older pa pers 
were mine wastes fill ing old shafts. More over, low litholo-
gical di ver sity of stud ied sed i ments in ten si fied by sat u ra tion 
with both the brine and bi tu men cause dis tinct ho mog e ni za -
tion of their phys i cal and geo chem i cal prop er ties (Kotarba
et al., 2009a, b, c; Sechman et al., 2009; Moœcicki et al.,
2009; Moœcicki & Soko³owski, 2009).

De spite ge netic and sed i men tary as pects, the li thol ogy
of stud ied sed i ments and their thick ness are cru cial fac tors
for fu ture ex plo ra tion lead ing to fur ther dis cov er ies of large
mam mals. Fos sils found in 1929 were hosted in above men -
tioned …“muds with Betula nana”… (Nowak & Panow,
1930), which should be re garded as an equiv a lent of fine-
grained sed i ments of Weichselian age. More over, it should
be as sumed that the thick ness of these strata had to be at
least 2 m in or der to pre serve the bur ied car casses in hor i -
zon tal po si tion. These fac tors sup ported by the de gree of
dis tur bance of strata by min ing op er a tions limit the area of
fur ther ex plo ra tion to only two small frag ments lo cated in
the west ern part of Ropyshche. The larger area in cludes the
vi cin ity of bore holes Nos 2, 3, 21, 22, 23, 28, 30 33 and
36N. The smaller one is lo cated in the neigh bour hood of
borehole No. 42. Their locations are shown in Fig. 1.

CON CLU SIONS

The re sults of lithological stud ies of the Pleis to cene and 
Ho lo cene sed i ments in the Starunia area in di cate that:

– older data con cern ing the thick ness of Qua ter nary
sed i ments are not cred i ble. Bore holes drilled for the pur -
pose of this study re vealed thick nesses rarely and only
slightly ex ceed ing 10 m;

– there fore, con sid er ing the rec og nized thick ness of
Weichselian fine-grained DF sed i ments and the age of ma-
mmals, it seems likely that ar eas suit able for fur ther ex plo -
ra tion ex ist only in the west ern part of Ropyshche area;

– Qua ter nary sed i ments fill ing the Velyky Lukavets
River val ley bot tom were de pos ited in the river-bed (gravel, 
sandy gravel sed i ments), overbank, and slope (mud, sandy
mud) subenvironments. The en tire suc ces sion is cov ered by
mine wastes. The larg est thick nesses are typ i cal of the over-
bank sed i ments and their sec tions are dom i nated by fine-
grained pool de pos its. Ac cu mu la tion of the lat ter pro ceeded 
mainly from sus pen sion or due to very calm flows. Quiet
sed i men ta tion was pe ri od i cally in ter rupted by the supply of
more coarse-grained material;

– poorly dif fer en ti ated grain size and min eral com po si -
tions, and pre dom i nance of re sis tant heavy min er als within
fine-grained sed i ments in di cate that, most prob a bly, the
prin ci pal sources of the ma te rial were weath er ing crusts of
dif fer ent ages, de vel op ing on poorly lithologically dif fer en -
ti ated Carpathian flysch strata and Mio cene deposits of the
Carpathian Foresee;

– fol low ing sed i ment de po si tion, the amount of ma te -
rial pro duced due to me chan i cal weath er ing, e.g., frost ac -
tion, in creased. This may in di cate in creas ing se ver ity of cli -
mate and re duc tion of veg e ta tion cover. How ever, such a
change in en vi ron men tal con di tions was not recorded in
accumulated sediments;

– pre dom i nance of overbank sed i ments in the stud ied
sections, as far as sed i ment thick ness is con cerned, sug gests 
that the Velyky Lukavets River was pe ri od i cally an anasto-
mosing river or ex pe ri enced damm ing of the out flow. Re -
cent re ac ti va tion of strike-slip or oblique-slip faults and/or
land slide tongues en ter ing the val ley bottom are likely
reasons;

– from the lithological point of view the most fa vor able
con di tions for pres er va tion of large, ex tinct mam mals still
ex ist in the two se lected ar eas, where the to tal thick ness of
Pleis to cene muds ex ceeds 2 metres. The first one is in the
vi cin ity of bore holes Nos 2, 3, 21, 22, 23, 28, 30 33 and
36N, and the other, smaller one, spreads around borehole
No. 42.
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