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Ab stract: The dis cov ery of large Pleis to cene mam mals in 1907 and 1929 in the Sta runia ozo ke rite mine, about
130 kilo me tres south east of Lviv, Ukraine, was a spec tacu lar sci en tific event on a world scale. A unique
com bi na tion of brine and oil, into which the ani mals had sunk, re sulted in the near per fect pres er va tion of woolly
rhi noc eros. In 2004, in ves ti ga tions in Sta runia were re started by Pol ish and Ukrain ian sci en tists. This is sue of
An nales So cie ta tis Ge olo go rum Po lo niae con tains 18 pa pers which pres ent the re sults of field and labo ra tory
stud ies in the Sta runia area com pleted by Pol ish sci en tists in the years 2006–2009. In ter dis ci pli nary stud ies were
re al ized by eleven the matic work ing groups on: Qua ter nary li thol ogy and sedi men tol ogy, pa laeo bot any (paly no-
l ogy and analy sis of mac ro fos sils), bot any (analy sis of halo phytes), pa laeo zo ol ogy (mala co logi cal analy sis),
ra dio car bon dat ing, mi cro bi ol ogy, sur face and near- surface geo chem is try, or ganic geo chem is try (bi tu men con tent 
and its frac tions, bio mark ers and sta ble car bon iso topes) and in or ganic geo chem is try (chlo ride ion analy sis),
geoe lec tric sur vey (DC re sis tiv ity sound ings, elec tro mag netic ter rain con duc tiv ity meas ure ments, re sis tiv ity
im ag ing, penetrometer- based re sis tiv ity pro fil ing and azi muthal pole- dipole DC re sis tiv ity sound ings) and mi cro -
gra vimet ric sur vey. Re sults of these stud ies en abled rec og ni tion of the geo logi cal set ting and sedi men tary
en vi ron ment of Qua ter nary sedi ments, which hosted the Pleis to cene fos sils, and to de ter mine the most fa vour able
area of about 1,000 square metres for sub se quent pros pect ing for ex tinct mam mals within Pleis to cene sedi ments in 
Sta runia.
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IN TRO DUC TION

The dis cov ery of large Pleis to cene mam mals in the Sta -
runia ozo ke rite (earth wax) mine was a spec tacu lar sci en -
tific event on a world scale (e.g., Al ex androwicz, 2002,
2004, 2005a, b). The Sta runia pa lae on to logi cal site is lo -
cated in the Ukrain ian Car pa thi ans, in the Ve lyky Lu kavets
River val ley, about 35 kilo me tres south of Ivano- Frankivsk
(for merly Stanis³awów) and about 130 kilo me tres south east
of Lviv (for merly Lwów) (Fig. 1). The ini tial dis cov ery was
made in 1907 when re mains of mam moth and rhi noc eros
were ex ca vated (Bay ger et al., 1914). Later, in 1929, the
Pol ish Acad emy of Arts and Sci ences (Pol ska Akade mia
Umiejêt noœci – PAU) or gan ized a sci en tific ex pe di tion to

the site, which dis cov ered a nearly com plete woolly rhi noc -
eros car cass at a depth of 12.5 me tres (Fig. 2). A unique
com bi na tion of oil and brine, into which the ani mal had
sunk, was re spon si ble for al most per fect pres er va tion of this 
speci men. To gether with this dis cov ery the rem nants of two
more rhi noc er oses have been found at this site, along with
nu mer ous speci mens of other Pleis to cene fos sil fauna and
flora.

These speci mens are now dis played at mu se ums in
Ukraine and in Po land: those found in 1907 are ex hib ited at
the Natu ral His tory Mu seum of the Na tional Acad emy of
Sci ences of the Ukraine (the former Dzie duszycki Fam ily
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Fig. 1. (A and B) Sketch-maps show ing ma jor tec tonic units of the Ukrai nian Outer Carpathians and Carpathian Foredeep Ba sin in the
Dzvinyach – Nadvirna area af ter Adamenko et al. (2005a) and Kotarba & Stachowicz-Rybka (2008), and (C) geo log i cal map of the
Starunia ozokerite de posit af ter Mitura (1944) with au thor’s mod i fi ca tion



Mu seum) in Lviv, Ukraine (Ku biak & Drygant, 2005;
Chornobay & Drygant, 2009), whereas speci mens ex ca -
vated in 1929 are dis played at the Natu ral His tory Mu seum
and at the In sti tute of Sys te mat ics and Evo lu tion of Ani mals 
of the Pol ish Acad emy of Sci ences, both in Kraków, Po land 
(Ku biak & Drygant, 2005; Ku biak, 2009).

This pa per pres ents an out line of ge ol ogy, gen eral re -
marks about pe tro leum oc cur rence, his tory of ozo ke rite pro -
duc tion and dis cov er ies of large, ex tinct Pleis to cene ver te -
brates as well as pre vi ous sci en tific in ves ti ga tions in the
Sta runia area. Spe cial at ten tion was paid to pro gramme,
pur poses and re sults of com pre hen sive, in ter dis ci pli nary in -
ves ti ga tions car ried out in the years 2006–2009. Con sid era -
tion was given to pres er va tion and con ser va tion of yet- to- be 
dis cov ered woolly rhi noc er oses and/or mam moths in this
area, apart from dis cov er ies from 1907 and 1929.

OUT LINE OF GE OL OGY AND
PE TRO LEUM OC CUR RENCE

The Ukrain ian Car pa thi ans be long to the larg est pe tro -
leum prov inces of Cen tral Europe, con sti tut ing one of the
old est petroleum- producing re gions in the world. Ex ploi ta -
tion of oil and natu ral gas be gan in 1854 and 1921, re spec -
tively (e.g., Ko tarba & Kol tun, 2006). The Car pa thian ozo -
ke rite de pos its: Bo rys lav, Vol anka, Truskavets- Pomiarki,
Dzviny ach, Sta runia and a few mi nor ac cu mu la tions hosted
in the Boryslav- Pokuttya Unit of the Car pa thian Fore deep
(Kol tun et al., 2005) are among rare ozo ke rite oc cur rences
in the world. These de pos its are hosted by frac tured and
brec ci ated Mio cene strata, over the hinge parts of the oil-
 bearing, an ti cli nal flysch struc tures (Bo jko & So zañski,
2004).

The Car pa thian thrust- and- fold belt con sists of a
number of nap pes form ing the Outer Car pa thi ans and the in -
ner part of the Car pa thian Fore deep Ba sin, thrust gen er ally
to wards the north- east. The Boryslav- Pokuttya Unit is the
main oil res er voir of the Car pa thian Prov ince (e.g., Ko tarba
& Kol tun, 2006; Œl¹czka et al., 2006). In the Sta runia area
and its vi cin ity, two tec tonic units of the Car pa thian Fore -
deep oc cur: the Sam bir and the Boryslav- Pokuttya units as
well as the ex ter nal part of the Skyba Unit, the lat ter be long -
ing to the Outer Car pa thi ans (Fig. 1). Lithos tra tigraphic col -
umns of these units are pre sented in Fig. 3. Tec toni cally, the 
Boryslav- Pokuttya Unit rep re sents a stack of su per im posed
nap pes, each of them com pris ing the flysch se quence cov -
ered by the mo lasse. The Oli go cene Menil ite beds rest upon
the top of the flysch suc ces sion and are con sid ered to be the
most im por tant hy dro car bon source rock with rela tively
high or ganic mat ter con tent (up to 20 wt%; Ko tarba & Kol -
tun, 2006). The salt- bearing Lower Mio cene Vo ro tyshcha
beds pro vide a seal for the hy dro car bon traps. To the south
and south west from the Sta runia ozo ke rite de posit, both the
Palaeo gene and Neo gene res er voirs of the Boryslav-
 Pokuttya and Skyba units host six oil and gas fields: Gvizd,
South ern (Pivdenny) Gvizd, Monastyr chany, Pniv, Pa si -
chna, and Bytkiv- Babche (Ada menko et al., 2005a; Kol tun
et al., 2005).

HIS TORY OF OZOKERITE AND OIL
EX PLOI TA TION, AND GEO LOG I CAL

SET TING OF THE STARUNIA DE POSIT

Ozokerite min ing at Starunia com menced in 1868
(Alexandrowicz, 2004; Adamenko et al., 2005a). Ac cord -
ing to ar chi val ma te ri als of the Dis trict Min ing Bu reau in
Stanis³awów col lected at the State Mu nic i pal Ar chive in
Ivano-Frankivsk (Kotarba & Stachowicz-Rybka, 2008), in
1886 there were 109 op er at ing shafts in “Michaj³owa” and
“Dmytruk” Mines be long ing to a dozen own ers (Fig. 4).

In 1907 the “Michaj³owa-Dmytruk” Mine was started
by the “J. Campe and Co.” min ing en ter prise based in Ham -
burg. The min ing lot in cluded ca das tral par cels Nos 3324 to
3330 (Fig. 4) (Kotarba & Stachowicz-Rybka, 2008). In the
years 1907–1908 sev eral new shafts were sunk and the ex -
ist ing shafts were re con structed (Mitura, 1944; Kotarba &
Stachowicz-Rybka, 2008). The gen eral map (Fig. 4) shows
the lo ca tions of shafts and wells com pleted in the years
1886–1942. The later his tory of ozokerite min ing in the Sta- 
runia area was de scribed in de tail by Mitura (1944), Alexan- 
drowicz (2004, 2005a, b), Bojko and Sozañski (2004), Ada- 
menko et al. (2005a), and Kotarba and Stachowicz-Rybka
(2008). Ozokerite min ing was aban doned in 1960 (Bojko &
Sozañski, 2004).

In the Sta runia area, ozo ke rite was dis cov ered at depths
rang ing from 10 to about 500 me tres. This lies within the
salt- bearing Lower Mio cene Vo ro tyshcha beds, which rest
upon the flysch of the Boryslav- Pokuttya Unit. The
Boryslav- Pokuttya Unit forms sev eral, stacked slice- folds,
each of them built of a flysch suc ces sion cov ered by mo -
lasse sedi ments. In the top part of the flysch suc ces sion, the
Oli go cene–Lower Mio cene Menil ite beds oc cur (Fig. 3).
This unit com prises in ter ca lated black clay stones and mud -
stones, which are ex cel lent hy dro car bon source rocks, and
the Kliwa Sand stones, which are the hy dro car bon res er -
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Fig. 2. The “sec ond” woolly rhi noc eros af ter con ser va tion
works in the Nat u ral His tory Mu seum in Kraków. Photo by P.
Witos³awski



voirs. An other im por tant res er voir ho ri zon in the Sta runia
area is lo cated in the Mid dle Eo cene sand stones (Kol tun et
al., 2005). The flysch suc ces sion of the Boryslav- Pokuttya
Unit is cov ered by the Lower Mio cene Poly anit sya beds
(Fig. 3), which are ab sent from the Sta runia fold, as well as
the Vo ro tyshcha beds, which host rock- salt and po tas sium
salt seams as well as ozo ke rite veins and nests (Fig. 5). Lo -
cally, the Vo ro tyshcha beds are re placed by the Slo boda
Con glom er ates and the Do bro tiv beds (Fig. 3). The young -
est unit of the Lower Mio cene com plex is named the Steb -
nyk beds (Fig. 3). The salt- bearing Vo ro tyshcha beds, up to
500 me tres thick, com prise clay stones and mud stones in ter -
ca lated by sand stones and thin- bedded marls with lay ers,
lenses and vein lets of gyp sum, py rite, na tive sul phur, rock-
 salt and po tas sium salt (Mi tura, 1944; Ko rin, 2005).

Ozokerite veins and lay ers, usu ally from 2 to 30 centi -
metres (rarely up to sev eral metres) thick, oc cur ex clu sively
within the salt-bear ing Lower Mio cene Vorotyshcha beds

(Figs 5, 6). Com mon is also the so-called “ozokerite rock”
(Fig. 6), which is com posed of frag ments of hard, cal car e -
ous sand stones and/or gyp sum, all coated with ozokerite.
The top sur face of the Mio cene Vorotyshcha beds in the
Starunia area, which un der lie Qua ter nary sed i ments, oc curs
at a max i mum depth of 17 metres (Soko³owski et al., 2009).
In the area of the aban doned Starunia ozokerite mine, the
Qua ter nary sed i ments are mainly de vel oped as clayey muds
with plant re mains, peat, biogenic muds and peat muds
(Soko³owski et al., 2009; Soko³owski & Stachowicz-
Rybka, 2009).

The Starunia ozokerite de posit is cut by the Rinne Fault
(Mitura, 1944), which ex tends from the Rinne Stream to the
south (i.e., to the “Nadzieja” min ing field) and to the north
(to the “Lelia-Hel ena” min ing field; Fig. 1C). The ”Na-
dzieja” field is an eroded anticline whose ax ial sur face is in -
clined to the south west. The “Lelia-Hel ena” field is a full
anticline (Mitura, 1944).
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Fig. 3. Gen er al ized lithostratigraphic col umns of the Skyba, Boryslav-Pokuttya and Sambir units af ter Vialov et al. (1988), Andreeva-
Grigorovich et al. (1986, 1997) and Kulchytsky & Sovchyk (1986), show ing the dis tri bu tion of flysch and molasse fa cies and ozokerite,
oil and gas ac cu mu la tions in the Starunia area. Fl – flysch; Bl.Sh – black shales; Vg.Sh – var ie gated shales; Ss – sand stones; Ss-Sh – sand -
stones and shales in ter ca la tions; Lm – lime stones; St – salt-bear ing strata, Cm – con glom er ates; b. – beds



Ozokerite re serves of the “Nadzieja” field were es ti -
mated at about 400,000 tons. Those of the ”Lelia” field can
be even larger (Mitura, 1944). To tal pro duc tion from the
Starunia de posit be tween 1868 and 1960 is es ti mated at
over 5,000 tons (Alexandrowicz, 2004), which means that
the re main ing mineable ozokerite re serves are still sig nif i -
cant.

In the years 1885–1942, in the Sta runia area, 20 ex plo -
ra tion bore holes were drilled (Zu brzycki, 1938; Mi tura,
1944). In dus trial ac cu mu la tions of oil and gas were en coun -
tered only in the Nadzieja-1 well. In 1929, daily oil pro duc -
tion was 4,000 kg but de creased to only 300 kg in 1940 (Zu -
brzycki, 1938; Mi tura, 1944). This well was closed just af ter 
the World War II due to tech ni cal fail ure.

In the years 1950–1970, sev eral tens of bore holes were
drilled in the Sta runia area, which en abled the ge olo gists to
rec og nize in de tail the struc ture of the Boryslav- Pokuttya
Unit as well as led to lo cal iz ing the Sta runia and the Gvizd

folds. In 1963, in the Gvizd fold, which bor ders the Sta runia 
fold from the NE, the Gvizd oil de posit was dis cov ered
(Kol tun et al., 2005; Ada menko et al., 2005a).

It was found that in the Starunia fold the Vorotyshcha
beds were sliced, frac tured and cracked dur ing the Carpa-
thian overthrust move ments. As oil and gas were flow ing
from the flysch strata to wards the sur face and most of gas -
eous hy dro car bons were emit ted to the at mo sphere, liq uid
hy dro car bons sat u rated Qua ter nary sed i ments, and higher
hy dro car bons formed veins of ozokerite. There fore, in the
rocks of the Starunia fold one of the larg est world ac cu mu -
la tions of ozokerite was formed, but the fold is not a pro -
spec tive struc ture for fur ther oil and gas ex plo ra tion. How -
ever, oil, which still seeps at the sur face form ing “mud vol -
ca noes”, “oil eyes” and even small ponds (Kotarba et al.,
2005a), is one of the most im por tant ge netic fac tors of
ozokerite de pos its. Liq uid hy dro car bons, which form the
sur face seeps and which sat u rate the rel ics of woolly rhi noc -
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Fig. 4. Map of lo ca tion of shafts and ex plor atory wells of aban doned “Michaj³owa-Dmytruk” mine of  “J. Campe and Co.” min ing en -
ter prise on ca das tral par cels Nos 3324, 3325, 3326, 3327, 3328, 3329 and 3330 in Starunia af ter Mitura (1944) and Kotarba and
Stachowicz-Rybka (2008). Dmytruk, Michaj³owa and Drimer – name of min ing plots



er oses are re lated to oil res er voirs in the Oligocene/Eocene
Boryslav–Pokuttya Unit, i.e. the rock suc ces sion which
builds the Starunia fold and ad ja cent struc tures: Bytkiv,
Gvizd, Markova and Monastyrchany. These hy dro car bons
were gen er ated from the Oligocene Menilite beds (Kotarba,
2002; Kotarba et al., 2005a, 2009b, c).

Lithostratigraphy and tec ton ics of the Starunia area and
vi cin ity were stud ied and de scribed by many Pol ish and
Ukrai nian au thors, e.g.: J. £omnicki (1911), M. £omnicki
(1908, 1914b), Nowak (1917), Nowak and Panow (1930),
Mitura (1944), Rogala (1907), Tokarski (1930), To³wiñski
(1927), Zuber (1885, 1888), and re cently, Alexandrowicz
(2004), Alexandrowicz et al. (2005), Koltun et al. (2005),
Korin (1992, 1994a, 1994b, 2000, 2005), Kotarba and Sta-
chowicz-Rybka (2008), Kotarba et al. (2008a), Monchak
and Grodetska (1987), Soko³owski et al. (2009), Soko³ow-
ski and Stachowicz-Rybka (2009), and Stachowicz-Rybka
et al. (2009a, b) (see also ref er ences therein). The first geo -
log i cal map was pre pared by Zuber (1888), up dated by J.
£omnicki (see Bayger et al., 1914), and was re printed in
Kotarba (2005) and Kotarba et al. (2008a).

The oc cur rence and ex ploi ta tion of ozokerite, oil and
gas in Starunia were de scribed by Windakiewicz (1875a,
1875b), Szajnocha (1881, 1892), Siegfried (1912), Bujalski
(1928, 1929), Zubrzycki (1938), Mitura (1944), Bara-
novskiy and Sukharev (1959), Bojko (1967) and AOGFU
(1998), and re cently by Adamenko et al. (2005a), Alexan-
drowicz (2002, 2004, 2005a, 2005b), Bojko and Sozañski
(2004), and Kotarba and Stachowicz-Rybka (2008).

OC CUR RENCE AND DIS COV ERY
OF SALTS AND BRINES

Brine and salt wa ter springs are widely dis trib uted in
the East ern Carpathians within the Qua ter nary sed i ments
(KuŸniar, 1930; Korin, 2005). These are ge net i cally re lated
mainly to the salt-bear ing Vorotyshcha beds and also to
other salt-bear ing Mio cene for ma tions (Duliñski et al.,
2005; Kotarba et al., 2009b; Moœcicki et al., 2009). Apart
from oil, brines are one of the most im por tant fac tors in
pres er va tion of the unique woolly rhi noc eros and other
fossilized vertebrates.

In the Starunia area, the Mio cene Vorotyshcha beds
suc ces sion in cludes both the rock-salt and the po tas sium
salt seams (Korin, 2005). These salts were de scribed from
the Nadzieja-3 well (Fig. 5) be fore the World War II, when
the rock-salt/po tas sium salt de posit was as sessed, but never
ex ploited (Zubrzycki, 1938; Mitura, 1944; Alexandrowicz,
2004). Brines ex ploited from dug wells and shafts called
“salt win dows” have been known from Starunia and vi cin ity 
since the Mid dle Ages (see Alexandrowicz, 2004, and ref er -
ences therein).

HIS TORY OF DIS COV ER IES AND
PALEOZOOLOGICAL STUDY OF LARGE, 

EX TINCT PLEIS TO CENE MAM MALS

Mam moth and woolly rhi noc eros from 1907

In Sep tem ber 1907, the new min ing en ter prise: “J.
Campe and Co.” started ozokerite min ing at the new ”Mi-
chaj³owa-Dmytruk” Mine. As early as in Oc to ber and No -
vem ber 1907, dur ing the deep en ing of No. IV shaft (later
named “Mam moth”), the in com plete car casses of a mam -
moth and a woolly rhi noc eros (so-called “the first rhi noc -
eros from Starunia”) with pre served soft tis sues were found
at depths of 12.5 and 17.6 metres, re spec tively (£omnicki,
1914a). Both spec i mens were trans ferred to the Dziedu-
szycki Fam ily Nat u ral His tory Mu seum in Lviv (pres ent
name: The Nat u ral His tory Mu seum of the Na tional Acad -
emy of Sci ences of the Ukraine) (Kubiak & Drygant, 2005;
Chornobay & Drygant, 2009).

Re sults of geo log i cal and palaeobotanical stud ies
(Nowak & Panow, 1930; Szafer, 1930) re vealed that sed i -
ments ex ca vated from No. IV shaft are sec ond ary, which
may sug gest that both the mam moth and the “first” rhi noc -
eros were dis cov ered ear lier and dumped into this shaft.
Such an ex pla na tion was pro posed for the first time by
Raciborski (1914a, b), who an a lyzed frag ments of leafs and
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Fig. 5. Geo log i cal cross-sec tion through the Starunia ozokerite
de posit af ter Zubrzycki (1938), Mitura (1944) and Koltun et al.
(2005). For lo ca tion of cross-sec tion see Fig. 1C



fruits found in sed i ments from the vi cin ity of mam moth and
rhi noc eros bod ies. More over, the horn was found at a dif fer -
ent depth than the body it self (£omnicki, 1908), which sup -
ports the the sis that both the fos sils and the host ing sed i -
ments were dis placed ear lier. Alexandrowicz (2004) sug -
gested that this event might have taken place even about 20
years ear lier (about 1887–1890).

In 1914, an ex tended mono graph about the Starunia
find ings was pub lished by Bayger et al. (1914), in clud ing
386 pages of text with sep a rate at las con tain ing 67 ta bles.
The fos sils of mam moth and rhi noc eros were stud ied by
Lubicz-Niezabitowski (skel e tons, 1914a, b) and Hoyer (soft 
tis sue, 1914). In the vi cin ity of both ver te brates, nu mer ous
small fos sils were found, mostly in sects, gas tro pods and
molluscs (M. £omnicki, 1908, 1914c, d, e, f; J. £omnicki &
M. £omnicki, 1914; Schille, 1914, Kulczyñski, 1914). Re -
mains of other ver te brates were in ves ti gated by Bayger
(1914), Mierzejewski (1914) and Kiernik (1914).

Aban doned plans of ex ca va tions in 1907

Dis cov ery of unique mam moth and woolly rhi noc eros
fos sils in No. IV shaft re sulted in a keen in ter est in this
palaeontological site and gen er ated a will to con tinue ex plo -
ra tion. Two doc u ments is sued in late No vem ber and early
De cem ber 1907 by eng. Franciszek Fa³ek, tech ni cal man -
ager of the ozokerite mine in Starunia, were found in the
State Ar chive in Lviv (Kotarba & Stachowicz-Rybka,
2008). These pre sented three very in ter est ing vari ants of
fur ther ex plo ra tion. Based upon avail able in for ma tion,
Fa³ek as sumed that Pleis to cene sed i ments in the depth in ter -

val from 14 to 25 metres had a high pos si bil ity of con tain ing 
ad di tional fauna. It must be em pha sized that our drillings
com pleted in the years 2007–2008 proved that the bot tom of 
Pleis to cene sed i ments re cently oc curs at a max i mum depth
of 17 metres (Soko³owski et al., 2009).

The first vari ant (a) of the Starunia ex ca va tion, most la -
bour-con sum ing and ex pen sive, in cluded the dig ging of
benched ex ca va tion down to 25 metres depth with the
squared low est bench 25×25 metres and bank slopes 40–
60°. The vol ume of re moved rock was es ti mated as about
20,000 cubic metres.

The sec ond, most in ter est ing vari ant (b), pro posed cut -
ting of 10-metres-long gal lery at the depth from 14 to 25
metres (Fig. 7). Eng. Fa³ek wrote (Kotarba & Stachowicz-
Rybka, 2008): …“As sum ing that ex plo ra tion would be
made within the squared area 25 x 25 = 625 m2, at the Qua -
ter nary/Mio cene bound ary […], the space to be ex plored is
a layer of di men sions 25x25 metres and 10 metres thick.
Hence, the par al lel, gal ler ies Nos 1, 2, 3 and 4 should be cut 
[…] from a-b point, 1.70 metre high and 1.30 metre wide,
which means that a layer 1,70 metre high would be sear-
ched at the be gin ning. Rock ex ca vated from No. 2 gal lery
will be back filled in No. 1 gal lery, and that dug from No. 3
will be lo cated in No. 2 gal lery. There fore, only the ex ces -
sive part of ex tracted rock pro duced by loos en ing will be
hoisted to the sur face. When search ing of the first layer is
com pleted, the sec ond search level will be de vel oped at the
back filled sur face with par al lel gal ler ies a, b, c, d, e, f, etc,
a, b, g, d. Then, the next search lev els will be cut up to 14
metres height. Ob vi ously, this pro ject re quires two 25-
metres-deep shafts for ven ti la tion, haul age and crew move -
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Fig. 6. Geo log i cal cross-sec tion through “Dmytruk” min ing plot of the Starunia ozokerite de posit af ter Mitura (1944). For lo ca tion of
cross-sec tion see Fig. 1C



ments (…). It must be em pha sized that, in my opin ion, this
search sys tem is most ra tio nal and flex i ble in terms of avail -
able funds.”...

In the third vari ant (c) two or more shafts should be
sunk, dis tant from each other or, al ter na tively, small twin
shafts should be dug from which gal ler ies should be cut in
all di rec tions at any depth. Eng. Fa³ek wrote (Kotarba &
Stachowicz-Rybka, 2008): …”It is ob vi ous that this sys tem
does not en sure any sys tem atic search ing work. Hence, any
ac cu rate cost es ti ma tion can not be made with out work plan, 
num ber of shafts, length of gal ler ies, etc. The main ad van -
tages of sce nar ios (b) and (c) are that af ter sink ing of two
shafts the full work plan can be mod i fied or ad justed to
avail able funds at any mo ment.”…

If any of these am bi tious pro jects was com pleted in the
years 1908–1911, the “sec ond” woolly rhi noc eros would
un doubt edly had been dis cov ered much ear lier. Un for tu -
nately, the lack of funds pre cluded any ex plo ra tion. Small-
scale un der ground works (only two days of ex ca va tions)
were un der taken in 1911 un der the su per vi sion of Dr. W.
Rogala (Kiernik, 1914). Partly, the plans made in 1907
(vari ant “c”) came into be ing dur ing the 1929 search.

Woolly rhi noc er oses from 1929

Ex plo ra tion and sci en tific re search in Starunia could
not be con tin ued ear lier than af ter the World War I, in in de -
pend ent Po land, when a spe cial Na tional Cul ture Fund was
es tab lished in 1928 by the Prime Min is ter, Mar shall Joseph
Pi³sudski.

In 1929, un der the aus pices of the Pol ish Acad emy of
Arts and Sci ences, the Com mit tee for Starunia Re search
was es tab lished and new ex ca va tions were un der taken at the 
ozokerite mine in Starunia. First, a spe cial shaft (fur ther
called “the PAU shaft”) was sunk un der the su per vi sion of a 
young ge ol o gist, Mr. Eugeniusz Panow. On Oc to ber 23rd,
1929, in a gal lery cut about 4.5 metres from No. IV shaft, at

a depth of 12.5 metres an ex traor di nary, al most fully pre -
served car cass of a fe male woolly rhi noc eros was found
(later named “the sec ond woolly rhi noc eros from Sta-
runia”). More over, in this ex ca va tion, parts of the skel e ton
(with out soft tis sue) of “the third rhi noc eros” were dis cov -
ered (Stach, 1930) to gether with bones of “the fourth rhi -
noc eros” (Kubiak, 1994, 2003). Then, sol diers from the
Pol ish army en gi neers’ corps sunk a spe cial re cov ery shaft
(4x4 m), through which the car cass of the woolly rhi noc eros 
was raised to the sur face on De cem ber 17th, 1929. On De -
cem ber 22nd, 1929, the fos sil was trans ported to Kraków, to
the Nat u ral His tory Mu seum of the Pol ish Acad emy of Arts
and Sci ences on 17, S³awkowska Street. In 1995, the fos sil
was moved to the Nat u ral His tory Mu seum of the In sti tute
of Sys tem at ics and Evo lu tion of An i mals, Pol ish Acad emy
of Sci ences, on 9, St. Sebastian Street in Kraków.

In the years 1931–1932, a small-scale un der ground ex -
plo ra tion was run in Starunia around No. IV and the PAU
shafts. The old sketch-map drawn by Mr. Panow (Alexan-
drowicz, 2004) shows old and new ex plo ra tion work ings to -
gether with lo cal iza tion of three shafts: No. IV (“Mam -
moth”) from 1907, the PAU shaft, and the re cov ery shaft
from 1929 (Fig. 8).

Ear lier, in 1930, the mono graph on “the sec ond rhi noc -
eros” was pub lished in Pol ish as Vol ume 70 of the “Trans -
ac tions of the De part ment of Math e mat ics and Nat u ral Sci -
ences, Pol ish Acad emy of Arts and Sci ences” (Nowak et al., 
1930a). The pub li ca tion con tained five chap ters and an un -
au tho rized in tro duc tion, was also pub lished in an Eng lish
ver sion as Bul le tin In ter na tional de l’Académie Po lo naise
des Sci ences et des Let tres de Cracovie, Ser. B (Nowak et
al., 1930b). Since 1933, the Pol ish Acad emy of Arts and
Sci ences has pub lished the sci en tific se ries named “Sta-
runia”. The first five vol umes were de voted to the stud ies of 
the Starunia site (Gams, 1934; Kormos, 1934; Lengersdorf,
1934; Szafran, 1934; Zeuner, 1934).

Apart from large mam mals, the en clos ing clays sup -
plied a large num ber of in sect rem nants, from which de -
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Fig. 7. Sketch map of planned mine gal ler ies near No. IV
(“Mam moth”) shaft in Starunia pre pared by Franciszek Fa³ek in
1907 (Kotarba & Stachowicz-Rybka, 2008); see text for sym bols
1, 2…a, b...a, b...

Fig. 8. Sketch map of lo ca tion of shafts and mine work ings in
Starunia pre pared by Eugeniusz Panow in 1932 (Alexandrowicz,
2004); “szyb” means “shaft”; “szyb wyci¹gowy” means “re cov ery 
shaft”, “stare roboty” means “old un der ground work ings” and
“poz.” means “ min ing level”



tailed stud ies were run on Orthoptera (Zeuner, 1934),
Diptera (Lengersdorf, 1934), Coleoptera (An gus, 1973),
and Curculidonidea (Kuœka, 1992). Many years later the
bee tle fauna from Starunia was de scribed by Paw³owski
(2003), whereas eco log i cal as pects of gas tro pods and mol-
luscs were in ves ti gated by Alexandrowicz (2003). Re view
of fos sils en coun tered in Starunia was made by Hoyer
(1915, 1937). Large mam mals were de scribed also by
Niezabitowski-Lubicz (1911a, b), Kubiak (1969, 1971,
2003), Kubiak and Dziurdzik (1973), and Kubiak and
Drygant (2005).

In au tumn 1992, just 85 years af ter the first dis cov er ies
in Starunia, an in ter na tional con fer ence took place in Lviv
con cern ing the his tory and fur ther palaeontological and ar -
chae o log i cal stud ies of Starunia site (Kubiak, 1994).

His tory of palaeobotanical re search was pre sented in
de tail by Granoszewski (2002) and Stachowicz-Rybka et al.
(2009a, b). Re cently, Alexandrowicz (2004) pub lished a
book, which pro vides com pre hen sive in for ma tion on the
his tory of dis cov er ies and sci en tific re search in Starunia
before 2003.

IN TER DIS CI PLIN ARY STUD IES
IN THE YEARS 2004–2005

In 2004, af ter more than a 70-years-long break, geo log -
i cal, geo phys i cal, geo chem i cal and mi cro bi o log i cal stud ies
in Starunia were re started. In May and again in Oc to ber
2004, the So ci ety of Re search for En vi ron men tal Changes
“Geosphere”, in co op er a tion with the AGH Uni ver sity of
Sci ence and Tech nol ogy in Kraków, Po land, the Ivano-
Frankivsk Na tional Tech ni cal Uni ver sity of Oil and Gas in
Ivano-Frankivsk, Ukraine and the In sti tute of Ge ol ogy and
Geo chem is try of Com bus ti ble Min er als of the Na tional
Acad emy of Sci ences of Ukraine in Lviv, or ga nized two
sci en tific ex pe di tions to Starunia. Their ob jec tive was to an -
a lyze the geo log i cal struc ture and the spe cific sed i men tary
en vi ron ment, in which the Pleis to cene mam mals were
found, and to as sess the pos si bil ity of fur ther find ings of
large mam mals. The re sults were pub lished as a mono graph
(Kotarba, ed., 2005) which con tained 18 the matic pa pers
pre sent ing the re sults of field and lab o ra tory stud ies of the
Starunia area (Fig. 9).

In the area of an aban doned ozokerite mine and in its vi -
cin ity, the fol low ing stud ies were ac com plished: sedimen-
tological and dendrochronological re search of the Velyky
Lukavets River Ho lo cene ter race (Alexandrowicz et al.,
2005); geo phys i cal (D.C. re sis tiv ity, grav ity and shal low
tem per a ture) sur vey (Moœcicki, 2005; Madej & Porzucek,
2005); near-sur face geo chem i cal sur vey (Kotarba et al.,
2005a; Dzieniewicz et al., 2005); mi cro bi o log i cal stud ies
(Barabasz et al., 2005); or ganic geo chem i cal stud ies on hy -
dro car bon source rocks from out crops and drill cores, and
of oils and nat u ral gases from deep ac cu mu la tions and sur -
face seeps (Kotarba et al., 2005b); chem i cal, sta ble hy dro -
gen and ox y gen iso tope anal y ses of sur face and ground- wa -
ters (Duliñski et al., 2005); and ra dio car bon dat ing of fauna
rem nants (Kuc et al., 2005). More over, the mono graph con -
tains also pa pers pre sent ing the pur poses, pro grams and

com pre hen sive re sults of two Pol ish sci en tific ex pe di tions
to Starunia in 2004 (Kotarba, 2005) and a spec trum of in for -
ma tion re lated to his tor i cal and geo log i cal/geomorpholo-
gical as pects of the area. Some of these are: the his tory of
the Starunia palaeontological site and aban doned ozokerite
mine (Alexandrowicz, 2005b); the his tory of pe tro leum ex -
plo ra tion and pro duc tion (Adamenko et al., 2005a); geo log -
i cal set ting and oc cur rence of oil and gas de pos its (Koltun et 
al., 2005); char ac ter iza tion of the salt-bear ing Mio cene
Vorotyshcha beds (Korin, 2005), and geomorphological/
neotectonic fea tures of the area (Stelmakh, 2005). Ar chae o -
log i cal sites in the Starunia area (Matskevyj, 2005) as well
as the col lec tions of re mains con nected with the dis cov er ies
of Pleis to cene mam moth and woolly rhi noc er oses from
Starunia in Lviv and Kraków nat u ral his tory mu se ums were
de scribed by Kubiak and Drygant (2005). More over, the
con cept of an “Ice-Age park” in the Starunia area as an
ecological and tourist centre was discussed (Adamenko et
al., 2005b).

The re sults of in ter dis ci plin ary stud ies car ried out in the 
years 2004–2005 around the Starunia palaeontological site
led to pre lim i nary con tour ing of a Pleis to cene wa ter res er -
voir (“palaeomarsh”), into which large mam mals might
have sunk and in which their bod ies might have been sub se -
quently pre served (Kotarba, ed., 2005; Kotarba et al.,
2008b).
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Fig. 9. Ti tle page of the third Starunia mono graph (Kotarba,
ed., 2005)



IN TER DIS CI PLIN ARY STUD IES
IN THE YEARS 2006–2009 –

PRE SEN TA TION OF ACHIEVE MENTS

In the years 2006–2009, in ter dis ci plin ary stud ies were
car ried out in Starunia by eleven the matic work ing groups
on: Qua ter nary li thol ogy and sedimentology, palaeobotany
(palynology and anal y sis of macrofossils), bot any (anal y sis
of halophytes), palaeozoology (malacological anal y sis), ra -
dio car bon dat ing, mi cro bi ol ogy, sur face and near-sur face
geo chem is try, or ganic geo chem is try (bi tu men con tent and
their frac tions, biomarkers and sta ble car bon iso topes) and
in or ganic geo chem is try (chlo rine ion anal y sis), geoelectric
sur vey (DC re sis tiv ity soundings, elec tro mag netic ter rain
con duc tiv ity mea sure ments, re sis tiv ity im ag ing, pen etrom -
eter-based re sis tiv ity pro fil ing and az i muthal pole-di pole
DC re sis tiv ity soundings), and microgravimetric sur vey.
The leader of the Starunia team and co or di na tor of these
stud ies was Maciej J. Kotarba from the Fac ulty of Ge ol ogy,
Geo phys ics and En vi ron men tal Pro tec tion, AGH Uni ver -
sity of Sci ence and Tech nol ogy in Kraków, Poland. Three
groups of works were completed: field, laboratory and
interpretative ones.

The field work was fo cused on the area of about 12
hect ares around the Starunia palaeontological site, which
was se lected from the re sults of stud ies from 2004–2005
(Kotarba, ed., 2005). Four stages of field re search were

sched uled: first in April 2007, sec ond in June 2007, third in
Oc to ber-No vem ber 2007, and fourth in May 2008.

The main pur poses of the in ter dis ci plin ary stud ies
were: (i) to con tour and rec og nize the de tails of in ter nal
struc ture of Pleis to cene sed i ments, (ii) to lo cal ize the Pleis -
to cene lakes and marshes, (iii) to rec og nize lithofacies vari -
abil ity of Pleis to cene sed i ments (par tic u larly dis tri bu tion of
mud fa cies), (iv) to de ter mine prop er ties of depositional en -
vi ron ment (ox i diz ing ver sus re duc ing) in clud ing sat u ra tion
of sed i ments with salt and bi tu men – the best con serv ing
agents of Pleis to cene mam mals. It was ex pected that these
data would en able eval u a tion of the pos si bil ity of fur ther
dis cov er ies of well-pre served Pleis to cene an i mal car casses,
and, even tu ally, also hu man bod ies. It is well-known from
ar chae o log i cal re cords that in the Pleis to cene at least 17 set -
tle ments of an cient hunt ers ex isted in Starunia and vi cin ity
(Matskevyj, 2005). Hence, it is rea son able to expect that
also humans might have sunk into the marsh and their
bodies might have been preserved.

Dur ing the 2007 and 2008 cam paigns, the geo log i cal
drillings were car ried out by the Pol ish Drill ing Com pany
ALGEO from Grabownica with the UGB-50 vi bra tory
probe (12 cm di am e ter) (Fig. 10) and MDR–06 drill ing
probe with plexi glas in ner tube (5 cm di am e ter) (Fig. 11). In 
to tal, 44 bore holes were drilled to depths from 4.6 (bore hole 
No. 23) to 20.0 m (bore hole No. 22). From the bore holes
421.1 m of core were re cov ered, of which 191.2 m from
Qua ter nary sed i ments (108 m from Pleis to cene and 82.9 m
from Ho lo cene strata), 109.9 m from Mio cene strata, and
120.0 m from mine dumps. More over, 17 soundings were
driven to depths from 3 to 6 m (Fig. 12).
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Fig. 10. The geo log i cal drillings by means of the UGB-50 vi bra -
tory probe (12 cm di am e ter) and core de scrip tion by T. Soko-
³owski. Photo by R. Stachowicz-Rybka

Fig. 11. The geo log i cal drillings by means of MDR–06 drill ing
probe with plexi glas in ner tube (5 cm di am e ter). Photo by R.
Stachowicz-Rybka
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Fig. 12. Map of  lo ca tion of bore holes drilled for stud ies of Qua ter nary li thol ogy and sedimentology, palaeobotany (palynology and
anal y sis of macrofossils), palaeozoology (malacological anal y sis) (Soko³owski & Stachowicz-Rybka, 2009; Soko³owski et al., 2009;
Stachowicz- Rybka et al., 2009a, b), ra dio car bon dat ing (Kuc et al., 2009), mi cro bi ol ogy (Barabasz et al., 2009), near-sur face geo chem is -
try (Kotarba et al., 2009a; Dzieniewicz et al., 2009), or ganic and in or ganic geo chem is try (Kotarba et al., 2009b, c; Moœcicki et al., 2009),
sur face geo chem i cal sur vey (Sechman et al., 2009), bot any (anal y sis of halophytes), and geo mor phol ogy (Moœcicki et al., 2009;
Soko³owski, 2009) in the years 2007–2008



This pa per is an in tro duc tion to the the matic vol ume of
the Annales Societatis Geologorum Poloniae. More over,
the vol ume con tains 17 pa pers pre sent ing the re sults of field 
and lab o ra tory stud ies com pleted in the years 2007–2008 in
the Starunia area.

Soko³owski (2009) de scribes a frag ment of the val ley
be tween Molotkiv and Starunia, and its close vi cin ity. The
area be longs to sev eral morphostructural and geomorphic
units of the East ern Outer Carpathians and the Carpathian
Fore land.

Soko³owski et al. (2009) de scribe the Up per Pleis to -
cene and Ho lo cene sed i ments rep re sented by chan nel
(gravel, sandy gravel), floodplain (mud, peat, biogenic
mud) and slope (mud, sandy mud) de pos its as well as by
mine wastes. In the study area, 44 bore holes were drilled
and 17 soundings were driven. The rock 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. 12) was used to de scribe
the li thol ogy of fine-grained Pleis to cene sed i ments. From
the lithological 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 metres. 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, exists around borehole No.
42.

Stachowicz-Rybka et al. (2009a) show the his tory of
Pleis to cene and Ho lo cene veg e ta tion of the Starunia area.
Palynological anal y ses were made for three bore holes Nos
4’, 22, and 28, and No. VL-1 out crop (Fig. 12). The de po si -
tion of biogenic sed i ments has be gun in the Mid dle
Pleniglacial, in the Moershoofd Interstadial, and has lasted
through the Hengelo/Denekamp Interstadial Com plex, the
Late Gla cial and the Holocene.

Kuc et al. (2009) pres ent re sults of ra dio car bon dat ing
of plant macrofossils from Pleis to cene and Ho lo cene sed i -
ments. Sev en teen bore holes Nos 1, 2, 4, 4’, 4N, 5, 7, 13, 15,

22, 24, 25, 28, 30, 32, 42 and 43, and two out crops Nos V-1
and VL-3 were se lected for ra dio car bon dat ing of plant
macrofossils (Fig. 12), and 36 sam ples were col lected. Ra -
dio car bon ages of microfossil sam ples orig i nat ing from
nearby the lo ca tion of the “sec ond” woolly rhi noc eros sug -
gest that the min i mum age of sed i ments in which the mam -
mals were found is in the range of ca. 35–40 ka BP.

Stachowicz-Rybka et al. (2009b) pres ent the re sults of
palaeobotanical and malacological stud ies of Pleis to cene
and Ho lo cene sed i ments from the Starunia area. Plant
macroremains anal y sis was car ried out for rock ma te rial
col lected from cores (bore holes Nos 4’, 22 and 28) and two
out crops (Nos VL-1 and VL-3) in the Velyky Lukavets
River scarp (Fig. 12). Malacological anal y sis was car ried
out for mol lusc shells and shell frag ments ob tained from
cores of six bore holes Nos 4, 5, 14, 22, 28 and 43 (Fig. 12).
In the Weichselian Mid dle Pleniglacial, the land scape was
dom i nated by steppe and tun dra plant com mu ni ties, mostly
var i ous grass and sedge spe cies. Ar eas of higher hu mid ity
were cov ered with shrub tun dra with Betula nana. In the
Late Weichselian, the open land scape dom i nated with the
ma jor ity of steppe and steppe-tun dra, at the presence of a
dry, continental climate.

Soko³owski and Stachowicz-Rybka (2009) pres ent the
re sults of ab so lute age dat ing and biostratigraphical anal y sis 
car ried out for al lu vial sed i ments. The pa per sum ma rizes
the re sults of palaeobotanical (palynology and anal y sis of
macrofossils), malacological (Stachowicz-Rybka et al.,
2009a, b) and lithological stud ies (Soko³owski et al., 2009),
and the OSL and 14C ab so lute age dat ing (Kuc et al., 2009).
The sed i ments built up three ter race lev els. The high est one
is likely to be as so ci ated with a short ep i sode of val ley
broadening, which oc curred in the Weichselian Late Pleni-
gla cial. The lower one is most likely to be linked to the Ho -
lo cene. The lower part of this ter race se ries con tains coarse-
grained chan nel sed i ments dated back to 120.6–58.9 ka BP
(Eemian Inter gla cial? – Weichselian Early Pleniglacial –
OIS 5e, 4 and 3) and overbank (dis tal floodplain) mud with
in ter ca la tions of biogenic de pos its (peat, peat muds and
biogenic muds). The overbank de pos its are dated from 48.2
to 11.1 ka BP (Glinde Interstadial? – Youn ger Dryas, OIS
3-2) and are over lain by Holocene (OIS 1) mud and bio-
genic sediments.

Moœcicki (2009) shows the re sults of DC re sis tiv ity
soundings (Fig. 13), elec tro mag netic ter rain con duc tiv ity
mea sure ments, re sis tiv ity im ag ing and pen etrom eter-based
re sis tiv ity pro fil ing (Fig. 14) car ried out in the Starunia
area. Lo ca tion of the geoelectric sur vey is shown in Fig. 15.
Gen er ally, re sis tiv ity of the near-sur face zone is low and de -
creases with depth, down to at least 40 m. This may be a
com bined ef fect of salty wa ter dis tri bu tion within Qua ter -
nary sed i ments and up per part of Mio cene strata. Lo cally,
val ues of re sis tiv ity are ex tremely low, which is prob a bly
con nected with the in flow of brines from the salt-bear ing
Mio cene Vorotyshcha beds into Qua ter nary sed i ments, and
with some ad di tional anthropogenic ef fects re sult ing from
min ing ac tiv ity at the end of the 19th and the first half of the
20th centuries.

Moœcicki and Soko³owski (2009) pres ent re sults of the
DC az i muthal pole-di pole re sis tiv ity soundings and pen -
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Fig. 13. DC re sis tiv ity soundings headed by W. J. Moœcicki.
Photo by M. Dzieniewicz



etrom eter-based re sis tiv ity pro fil ing with si mul ta neous pen -
e tra tion-ve loc ity mea sure ments to study vari abil ity of en vi -
ron ment in the vi cin ity of geo log i cal bore holes. No ev i dent
cor re la tion was found be tween li thol ogy of drilled sed i -
ments and geo phys i cal data. Nev er the less, re mark able, hor -
i zon tal and ver ti cal vari abil ity of geo phys i cal pa ram e ters
was ob served. The stron gest re corded hor i zon tal changes
may re flect an ex is tence of some sharp geo logic bound aries
in the study area. The mea sured phys i cal prop er ties of geo -
log i cal strata: elec tric re sis tiv ity and com pact ness (de ter -
mined from pen e tra tion ve loc ity) change also with depth,
but cor re la tion with geo log i cal struc ture was found only in a 
lim ited num ber of cases. Reg is tered vari abil ity might have
orig i nated both from the com plex geo log i cal ar range ment
of shallow layers and/or from transformations of near
surface environment caused by past mining operations.

Porzucek and Madej (2009a) pres ent the re sults of
grav ity sur vey ing. The grav ity mea sure ments were car ried
out with the CG-3 Scintrex gra vi me ter. The ob jec tive of the
sur vey was to rec og nize the geo log i cal struc ture of the
near-sur face zone, i.e. the Qua ter nary and Mio cene strata.
De tailed grav ity sur face sur veys were made in two stages.
In 2007, the sur vey cov ered an area of about 10 ha and mea -
sure ments were made in a 12.5 m grid; in 2008, about 10
hect ares of area was sur veyed in 10 m grid (Fig. 15). Ad di -
tion ally, the G6 pro file, about 500 metres long and trans -
versely cut ting the an a lyzed struc ture, was es tab lished. The
as sumed spac ing of sites along the mea sure ment line was 25 
metres. For in ter pre ta tion, the re sults of grav ity sur vey car -
ried out by Madej and Porzucek (2005) run along five
profiles were used.

Porzucek and Madej (2009b) pres ent the re sults of
microgravimetric study car ried out in or der to rec og nize the
anom a lous ar eas of rel a tively low grav ity val ues within the
salt-bear ing Lower Mio cene Vorotyshcha beds. These ar eas 
are prob a bly con nected with mi gra tion zones of brines from 
the Vorotyshcha beds into Pleis to cene muds and, thus, these 
may con sti tute zones where ex tinct an i mal re mains can po -
ten tially be found. Apart from the grav ity mea sure ments
pre sented in Porzucek and Madej (2009a), more de tailed
microgravity sur veys were made in two ar eas of di men sions 
130×110 m and 70×50 m (Fig. 15). The mea sure ments were 
made in the accessible nodes of 6.25 m square grid.

Sechman et al. (2009) show the re sults of near-sur face
geo chem i cal sur vey (depths 1.1 to 1.3 metres). The sam ples
were taken within a rect an gle, 300×350 m in area, us ing
12.5 m square grid (Fig. 12). In to tal, 689 mea sure ment sites 
were sam pled (Fig. 16). Mo lec u lar and iso to pic com po si -
tions of soil gases en abled the au thors to iden tify their or i gin 
and, par tic u larly, to dis tin guish mi cro bial gases gen er ated
within the near-sur face zone from thermogenic gases
migrating from deep accumulations.

Moœcicki et al. (2009) pres ent the re sults of geoelectric
(high res o lu tion geoelectric re search with elec tro mag netic
con duc tiv ity measurements), geo chem i cal (chlo ride ion
con tent), and bo tan i cal (dis tri bu tion of halophytes) stud ies
aim ing at rec og ni tion of sa lin ity of Qua ter nary sed i ments
near the 1907 and 1929 dis cov ery sites. Dis tri bu tion of con -
duc tiv ity of near-sur face sed i ments de pends mainly on min -
er al iza tion (sa lin ity) of un der ground wa ter fill ing the pores

and voids of poorly con sol i dated Qua ter nary sed i ments and, 
partly, also the un der ly ing Mio cene strata. The area of
geoelectric mea sure ments is shown in Fig. 15. The salt
(chloride ion) con tent in Qua ter nary sed i ments var ies both
hor i zon tally and ver ti cally in an un pre dict able way. The
high est val ues reached 8.5 wt%. In to tal, 113 core sam ples
of sed i ments were taken from 23 bore holes Nos 1, 4, 4’, 4N, 
5N, 7, 8, 15, 22, 23, 25, 27’, 28, 30, 30N, 31, 32N, 33, 36N,
37, 38, 42 and 43 (Fig. 12). Gen er ally, when com pared
qual i ta tively, the sa lin ity of sam pled drill cores cor re lates
with the dis tri bu tion of ap par ent con duc tiv ity mea sured
with geoelectric meth ods. Bo tan i cal field stud ies were car -
ried out over the whole area of the aban doned ozokerite
mine (see Fig. 12). A group of vas cu lar plants grow ing on
sa line soils (halo- phytes) was found. Halophytes in di cate
higher salt con cen tra tions in soils. Gen er ally, the dis tri bu -
tion of halophytes reveals a good correlation with the
distribution of high-con duc tiv ity anomalies determined
with the surface geoelectric survey.

Kotarba et al. (2009a) pres ent re sults of mo lec u lar and
iso to pic anal y ses of near-sur face gases col lected by spe cial
sam pling probe at 30 mea sure ment sites (Fig. 12) from 0.8,
1.6, 2.4, 3.2 and 4.0 m sam pling depths. Dis tri bu tion of
thermogenic meth ane and higher gas eous hy dro car bons in
Qua ter nary sed i ments is vari able and, gen er ally, in creases
with depth. Mi cro bial meth ane or mix ture of mi cro bial and
thermogenic methanes also oc cur in the near-sur face zone.
He lium of crustal or i gin mi grated through tec tonic zones
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Fig. 14. Pen etrom eter-based re sis tiv ity pro fil ing made by work -
ers of Geofizyka Toruñ Com pany. Photo by W. J. Moœcicki



cut ting the study area and was sub se quently dis persed dur -
ing mi gra tion through lithologically di ver si fied Pleis to cene
and Ho lo cene sed i ments. Car bon di ox ide is of poly gen etic
or i gin (thermogenic, mi cro bial and ox i da tion of hy dro car -
bons and Qua ter nary or ganic mat ter). Zones of thermogenic 

meth ane mi gra tion within Pleis to cene sed i ments dom i nated
by muds sat u rated with bi tu mens and brines provide the
most favourable environment for preservation of large
extinct mammals.
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Fig. 15. Map of  lo ca tion of geoelectric and gravimetric sur veys (Moœcicki, 2009; Moœcicki & Soko³owski, 2009; Moœcicki et al., 2009;
Porzucek & Madej, 2009a, b) in the years 2007–2008



The pa per by Dzieniewicz et al. (2009) pres ent the re -
sults of the near-sur face geo chem i cal sur vey of ad sorbed
gases. Anal y ses of mo lec u lar and sta ble car bon iso tope
com po si tions of ad sorbed gases were car ried out in the two
vari ants. The first in cluded sam pling of cut tings from 30 au -
ger bore holes (Fig. 12) of di am e ters about 70 mm, at depths
4.8, 5.6 and 6.4 m. In to tal, 88 sam ples were col lected. In
the sec ond vari ant, core sam ples were col lected from 17 se -
lected bore holes Nos 1, 1’, 3, 4, 5, 12, 13, 14, 18, 19, 21, 24, 
25, 27, 28, 30 and 31 (Fig. 12). In to tal, 78 sam ples were
taken from var i ous depths, down to 12 m. The re sults of mo -
lec u lar com po si tion anal y ses of ad sorbed gases in di cated
high sat u ra tion of near-sur face sed i ments with the oil. High -
est con cen tra tions of al kanes were de tected in the Mio cene
Vorotyshcha beds. Hy dro car bon mi gra tion from deep ac cu -
mu la tions to the sur face was rel a tively quick and pro ceeded
along the faults and frac tures. In the near-sur face zone hy -
dro car bons were sub jected to ox i da tion and dehydrogena-
tion, which resulted in generation of unsaturated hydrocar-
bons and hydrogen.

Barabasz et al. (2009) pres ent re cent bi o log i cal ac tiv ity
within Qua ter nary sed i ments. Core sam ples for mi cro bi o -
log i cal anal y ses were col lected from 15 bore holes Nos 4’,
4N, 4N, 7, 8, 15, 23, 27’, 39N, 32N, 33, 36N, 37, 42 and 43
(Fig. 12). The quan ti ta tive re sults re gard ing the oc cur rence
of dif fer ent phys i o log i cal groups of mi cro or gan isms
(methanogens, methanotrophs, veg e ta tive forms of bac te ria, 
fungi, ammonificators and acctinomycetes) show that their
num bers vary sig nif i cantly de pend ing on the sam pling site
and depth, hu mid ity and the or ganic mat ter con tent. The
amount and di ver sity of the tested groups of mi cro or gan -
isms de creased with depth. Methanogens oc curred in Pleis -
to cene sed i ments, in bore holes Nos 4’, 30N and 36N, and
main groups of saprophytic mi cro or gan isms (bacteria, fungi 
and actinomycetes) were found in Holocene sediments.

Kotarba et al. (2009b) show the re sults of geo chem i cal
study of bi tu mens and salts sat u rat ing the Pleis to cene and
Ho lo cene sed i ments. Both the bi tu mens (oil) and brine
(chlo ride ion) were the pre serv ing agents for the large,
Pleis to cene mam mals, there fore, the muds of this age were
given spe cial at ten tion. For geo chem i cal study of bi tu mens
and chlo ride con tents, 113 core sam ples from bore holes
Nos 1, 4, 4’, 4N, 5N, 7, 8, 15, 22, 23, 25, 27’, 28, 30, 30N,
31, 32N, 33, 36N, 37, 38, 42 and 43 (Fig. 12) were col lected 
from Qua ter nary sed i ments, in which 55 sam ples were from 
Pleis to cene strata and 46 from Ho lo cene sed i ments. The
main mass of or ganic car bon hosted in the Pleis to cene muds 
is re lated to bi tu mens. The source of bi tu mens is oil mi grat -
ing from deep ac cu mu la tion res er voirs within the Boryslav-
Pokuttya Unit. Tak ing into con sid er ation the con tents of the
re main ing pre ser va tives, chlo ride and bi tu mens, the most
fa vour able zone for fos sils con ser va tion and pres er va tion is
lo cated close to bore holes Nos 22, 23, 28 and 36N, where
the thickness of Pleistocene muds exceeds 2 metres.

Kotarba et al. (2009c) pres ent re sults of bi o log i cal
mark ers and sta ble car bon iso to pic anal y ses of bi tu men im -
preg nat ing Pleis to cene and Ho lo cene sed i ments around the
Starunia palaeontological site. This was to find ge netic links 
be tween these bi tu mens and oils from the near est deep ac cu -
mu la tions within the Boryslav–Pokuttya and Skyba units of

the Carpathians. More over, there is ev i dence of sec ond ary
geo chem i cal pro cesses (ox i da tion and biodegradation) ac -
tive within the host ing sed i ments, es pe cially in Pleis to cene
muds. For bi o log i cal mark ers and sta ble car bon iso tope
anal y ses, 56 core sam ples were col lected from 19 bore holes
Nos 1, 4, 4’, 4N, 5N, 7, 8, 15, 22, 23, 25, 27’, 28, 30, 30N,
31, 32N, 38 and 42 (Fig. 12). Bi tu men within the near-sur -
face rocks was not ge net i cally con nected with re sid ual or -
ganic mat ter pres ent in Qua ter nary sed i ments. All bi tu mens
orig i nate from oil-prone, type II kerogen with in sig nif i cant
ad mix ture of ter res trial, type III kerogen at the mid dle stage
of low-tem per a ture thermogenic pro cesses (catagenesis).
The oils oc cur ring in deep ac cu mu la tions in the Starunia
area were the sole source of bi tu men found in the near-sur -
face sed i ments. The main fac tors dif fer en ti at ing the near-
sur face bi tu mens were: biodegradation, wa ter wash ing
and/or weath er ing. Ad di tional in flu ence of bi tu mens trans -
port in brine was found. The most fa vour able con di tions for
pres er va tion of large, extinct mammals within the Pleisto-
cene muds exist in the vicinity of Nos 22 and 23 boreholes,
where bitumens are best preserved.

More over, re sults of in ter dis ci plin ary stud ies in
Starunia were pre sented dur ing two in ter na tional con fer -
ences. At the In ter na tional Sci ence-Tech ni cal Con fer ence
“IFNTUOG-40” on “Re sources-sav ing Tech nol o gies in Oil
and Gas Power En gi neer ing”, or ga nized by the Na tional
Tech ni cal Uni ver sity of Oil and Gas in Ivano-Frankivsk, the 
mem bers of the Starunia team gave five pre sen ta tions:
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Fig. 16. Near-sur face geo chem i cal sur veys headed by H. Sech-
man. Photo by M. Dzieniewicz



Kotarba et al. (2008c, d), Moœcicki (2008a), Porzucek and
Madej (2008a), and Stachowicz-Rybka (2008a). At the Sec -
ond In ter na tional Sci en tific Con fer ence “Nat u ral and his tor -
i cal leg acy of Starunia at 100th An ni ver sary of the Dis cov -
ery of Mam moth and “First” Woolly Rhi noc eros in 1907”,
or ga nized by the Nat u ral His tory Mu seum of the Na tional
Acad emy of Sci ences of the Ukraine in Lviv, the So ci ety of
Re search of En vi ron men tal Changes ”Geosphere” in Kra-
ków, the AGH Uni ver sity of Sci ence and Tech nol ogy in
Kraków, and the Na tional Tech ni cal Uni ver sity of Oil and
Gas in Ivano-Frankivsk, the mem bers of Starunia team pre -
sented nine lec tures: Kotarba and Alexandrowicz (2008),
Kotarba et al. (2008e), Kubiak (2008), Moœcicki (2008b),
Porzucek and Madej (2008b), Soko³owski (2008), Soko-
³owski and Stachowicz-Rybka (2008), Stachowicz-Rybka
(2008b), and Stachowicz-Rybka et al. (2008).

RANGE OF PLEIS TO CENE LAKE AND
MARSH RES ER VOIR, AND LO CA TION

OF SITES OF PO TEN TIAL OC CUR RENCE 
OF LARGE EX TINCT MAM MALS

The de po si tion of Qua ter nary biogenic sed i ments
started in the Weichselian Mid dle Pleniglacial, in the
Moershoofd Interstadial, and lasted through the Hengelo/
Denekamp Interstadial Com plex and the Late Gla cial, un til
the Ho lo cene (Stachowicz-Rybka et al., 2009a). The range
of Pleis to cene muds with Betula nana (Stachowicz-Rybka
et al., 2009b), in which unique spec i men of woolly rhi noc -
eros was found in 1929, prob a bly cov ers the vi cin ity of
bore holes Nos 21, 22, 23, 24, 25, 27, 28, 30, 30N, 36, 36N,
37, 40, 41, 42, 43 and 44 (Fig. 17). From the lithological
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 metres (Fig. 17). 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 ex ists around bore hole No. 42 (Soko-
³owski et al., 2009).

The unique com bi na tion of oil and brine sat u rat ing the
Pleis to cene muds pro duced spe cific con di tions re spon si ble
for al most per fect pres er va tion of these mam mal spec i mens. 
The zone of de creased den sity in the near-sur face Qua ter -
nary and Mio cene beds (Fig. 17) was de fined from the
microgravity study (Porzucek & Madej, 2009a). This zone
is prob a bly con nected with a layer within the Lower Mio -
cene Vorotyshcha beds en riched in ha lite and ozokerite,
from which large vol umes of brines and oil as cended to
Qua ter nary sed i ments (Kotarba et al., 2009b). The area of
ap par ent con duc tiv ity over 250 mS/m (Fig. 17), was de ter -
mined with a geoeletric study (Moœcicki et al., 2009). Pre -
sum ably, this zone may de fine the Pleis to cene wa ter res er -
voir and marsh area (“palaeoswamp”). Gen eral qual i ta tive
com par i son dem on strates that chlo ride ion con cen tra tions
mea sured in sam pled cores cor re late well with the val ues of
ap par ent con duc tiv ity ob tained with geoelectric meth ods
and with the dis tri bu tion a group of vas cu lar plants (halo-
phytes) grow ing on sa line soils (Moœcicki et al., 2009).
More over, the sites of anom a lous con cen tra tions of meth -

ane, to tal C2-C5 al kanes and he lium prob a bly also cor re -
spond to the range of the Pleis to cene lake and marsh
(”palaeoswamp”) area (Sechman et al., 2009). Zones of
thermogenic meth ane oc cur rence within Pleis to cene sed i -
ments dom i nated by muds sat u rated with bi tu mens and
brines pro vide the most fa vour able en vi ron ment for pres er -
va tion of large ex tinct mam mals (Kotarba et al., 2008b,
2009a).

Large quan ti ties of mi cro bial meth ane were gen er ated
within the Qua ter nary sed i ments of the Starunia area
(Barabasz et al., 2009; Kotarba et al., 2009a; Sechman et
al., 2009). Un like the sites of sig nif i cant fluxes of thermo-
genic gases (hy dro car bons and car bon di ox ide) and he lium,
such places would be less likely to be lo ca tions of fu ture
dis cov ery of well-pre served large ver te brates be cause mi -
cro bial meth ane was gen er ated lo cally, in re cent swamps.
The high est quan ti ties of methanogens oc cur re cently in
Pleis to cene sed i ments in bore holes Nos 4’, 30N and 36N
(Barabasz et al., 2009). Mi cro bial meth ane gen er ated in
Pleis to cene swamps es caped to the at mo sphere (Kotarba et
al., 2009a).

Tak ing into con sid er ation the con tents of the main pre -
ser va tives: chlo ride and bi tu men, the most fa vour able zone
for fos sils pres er va tion is lo cated close to bore holes Nos 22, 
23, 28 and 36N, where the thick ness of Pleis to cene muds
ex ceeds 2 metres (Kotarba et al., 2009b). Based on the re -
sults of bi o log i cal mark ers and sta ble car bon iso to pic com -
po si tion of frac tions of bi tu mens im preg nat ing Pleis to cene
sed i ments (Kotarba et al., 2009c), the most fa vour able con -
di tions for pres er va tion of large ex tinct mam mals within the 
Pleis to cene muds ex ist in the vi cin ity of Nos 22 and 23
boreholes, where bitumens are best preserved.

The re sults of all men tioned above in ves ti ga tions re veal 
that the most suit able area for fu ture ex plo ra tion for ex tinct
mam mals in Starunia ex ist within Pleis to cene sed i ments, in
the rect an gu lar, 55×25 m area (i.e., about 1,000 square
metres) around bore holes Nos 21, 22, 23, 36 and 36N,
where the bot tom of Pleis to cene muds oc curs at the depth
in ter val of 4.5 to 7.5 m (Fig. 17).

CON CLU SIONS

The com plex in ves ti ga tions (li thol ogy and sedimento-
logy, bot any, palaeobotany, palaeozoology, mi cro bi ol ogy,
ra dio car bon dat ing, sur face and near-sur face geo chem is try,
or ganic and in or ganic geo chem is try, geoelectric and mi cro-
gravimetric sur veys) car ried out in the years 2006 to 2008
around the Starunia palaeontological site were fo cused on
con tour ing of the wa ter res er voir and marsh (“palaeo-
swamp”), into which the Pleis to cene mam mals had sunk, as
well as on the eval u a tion of pos si ble new dis cov er ies of
large Pleis to cene mam mals, and even hu man re mains. Ac -
cord ingly, the con tent and or i gin of bi tu men and salt, which
are the main sub stances for ex tinct mam mals’ pres er va tion
within Pleis to cene sed i ments were also stud ied. In ter dis ci -
plin ary stud ies en abled the work ing groups to in ves ti gate
geo log i cal set ting and sed i men tary en vi ron ment of Qua ter -
nary sed i ments, which hosted the Pleis to cene fos sils and to
rec og nize the most fa vour able area of about 1,000 square
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metres, where po ten tial ex ists for fu ture dis cov er ies of ex -
tinct Pleis to cene mam mals. The bot tom of the mud com plex 
of Pleis to cene sed i ments of the thick ness ex ceed ing 2 m oc -
curs at the depth in ter val of 4.5 to 7.5 m. The re sults of in -
ter dis ci plin ary stud ies raise hopes for fu ture dis cov er ies of
well-pre served rem nants of large ver te brates. The next step
should be the ex ca va tion pro ject within the de ter mined area. 
It seems likely that the best so lu tion would be the first vari -

ant of the con cept pre sented by Eng. Franciszek Fa³ek in
1907 (Kotarba & Stachowicz-Rybka, 2008), i.e. the 50×25
m excavation down to a depth of about 8 m. The volume of
excavated rock is estimated as about 10,000 cubic metres.

The Starunia vil lage is lo cated in the pic tur esque area of 
the Carpathian re gion. From this site the snowy, 2,000-
metres-tall, peaks of the Gorgany Mts., a part of the main
Carpathian range, can be seen. The Starunia area has the fol -
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Fig. 17. Map of most fa vour able area for dis cov er ies of ex tinct mam mals based on re sults of in ter dis ci plin ary stud ies in the years
2006–2009



low ing unique fea tures: (i) dis cov er ies of ex tinct rhi noc er -
oses, mam moth and other fos sil fauna and flora, some of
them be ing unique spec i mens, (ii) aban doned ozokerite
mine, (iii) mud vol ca noes, oil and gas sur face seeps, (iv)
springs of brines and min eral wa ters, and (v) archaeological
sites.

The Starunia area meets all the re quire ments of a
geopark. Some years ago the UNESCO (Eder, 1999) pro -
claimed the idea of the world net work of geoparks (www.
worldgeopark.org). The con cept of an in ter na tional “Park of 
the Ice Age” as an eco log i cal and tour ist cen tre (Adamenko
et al., 2005b, 2009) is an im por tant el e ment of the planned
Starunia (Ukraine) – Kraków (Po land) cross-bor der
geotouristic route “Traces of large, ex tinct mam mals,
ozokerite, oil and salt” (Kotarba, 2009). In must be em pha -
sized that be fore the World War II a Pol ish ge ol o gist J.
Tokarski wrote about Starunia: “...The prob lem is so im por -
tant that the whole so ci ety should be in volved and funds
must be raised in the near est fu ture for pur chas ing the en -
tire vil lage as a world-class nat u ral re serve...” (Tokarski,
1930). Such a pro tected area in Starunia should ex ist af ter
com ple tion of ex ca va tions for the large, extinct Pleistocene
vertebrates.
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