
Annales Societatis Geologorum Poloniae (2009), vol. 79: 447–461.

BITUMEN AND SALT CONTENTS WITHIN THE QUATERNARY
SEDIMENTS AT STARUNIA PALAEONTOLOGICAL SITE

AND VICINITY (CARPATHIAN REGION, UKRAINE)

Ma ciej J. KO TARBA, Dari usz WIÊC£AW, Tomasz TOBO£A, Hi eronim ZYCH,
Adam KOW AL SKI & Se bas tian PTAK

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,
Al. Mick iewicza 30, 30- 059 Kraków, Po land; e- mail: ko tarba@agh.edu.pl

Ko tarba, M. J., Wiêc³aw, D., Tobo³a, T., Zych, H., Kow al ski, A. & Ptak, S., 2009. Bi tu men and salt con tents within
the Qua ter nary sedi ments at Sta runia pa lae on to logi cal site and vi cin ity (Car pa thian re gion, Ukraine). An nales
So cie ta tis Ge olo go rum Po lo niae, 79: 447–461.

Ab stract: Geo chemi cal stud ies were con ducted on bi tu men and salts satu rat ing the Pleis to cene and Holo cene
sedi ments from an aban doned ozo ke rite mine in Sta runia. This lo ca tion is noted for the dis cov ery of rem nants of a
mam moth and three woolly rhi noc er oses in 1907, and a nearly com pletely pre served rhi noc eros car cass in 1929.
The bi tu men (oil) and brines (chlo ride ions) were pre serv ing agents for the large Pleis to cene mam mals. The main
mass of or ganic car bon hosted in the Pleis to cene muds is re lated to bi tu men origi nat ing from oil mi grat ing from
deep ac cu mu la tions within the Boryslav- Pokuttya Unit. The high est ana lysed bi tu men con tent is 9.26 wt%. The
chlo ride ion con tent, origi nat ing from highly con cen trated brines as cend ing from the salt- bearing Mio cene
Vo ro tyshcha beds, vary from 0 to 4.66 wt% but this usu ally does not ex ceed 1 wt%. The natu ral path ways of
un der ground flu ids (oil, gas and wa ter) mi gra tion within the Qua ter nary sedi ments were dis turbed by in ten sive
ozo ke rite min ing op era tions run be tween the last three dec ades of the 19th cen tury and 1960. There fore, the
pres ent pres er va tion and con ser va tion con di tions of large, ex tinct mam mals’ re mains can be dif fer ent from those
pre vail ing dur ing the Pleis to cene, when the mam mals were bur ied. Tak ing into con sid era tion the con tents of the
re main ing pre serva tives: chlo ride and bi tu men, 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 thick ness of Pleis to cene muds ex ceeds 2 me tres.
Gen er ally, the spa tial dis tri bu tions of bi tu men and chlo ride ion con tents within the Holo cene sedi ments and
salt- bearing Mio cene Vo ro tyshcha beds are very simi lar to those in the Pleis to cene sedi ments.
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IN TRO DUC TION

Geo chemi cal stud ies of bi tu men and chlo ride ion satu -
rat ing both the Pleis to cene and Holo cene sedi ments were a
part of an in ter dis ci pli nary re search proj ect fo cused on the
Sta runia area. Dur ing the pe riod 2006–2009, 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 a mam moth, three woolly rhi noc er oses, and a
nearly- completely 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 Pleis to cene clayey muds,
into which the ani mals had sunk, re sulted in near per fect
pres er va tion of these fos sils.

The main aim of these geo chemi cal stud ies was to
check where the best con di tions ex ist within the Pleis to cene 
muds that fa vour the pres er va tion and con ser va tion of ex -
tinct, Pleis to cene mam mals. Geo chemi cal stud ies fo cused
on evalua tion of to tal or ganic mat ter (TOC) (both bi tu men
and mac ro fos sils) and salt con tents, as well as on pre limi -
nary evalua tion of the in flu ence of sec on dary pro cesses
(e.g. oxi da tion and bio de gra da tion) on or ganic mat ter in the
Pleis to cene and Holo cene sedi ments. The meth ods ap plied
were: Rock- Eval py ro ly sis, quali ta tive analy sis of bi tu men
(frac tion com po si tion – satu rated hy dro car bons, aro matic
hy dro car bons and res ins) and chlo ride ion analy ses. As both 
the bi tu men (oil) and salt (chlo ride ion) were con serv ing
fac tors for these fos sils, spe cial at ten tion was paid to the
Pleis to cene muds.



Gen eral in for ma tion on the his tory of geo logi cal stud ies 
and pe tro leum ex ploi ta tion in the Sta runia area and the re -
sults of ear lier in ter dis ci pli nary re search are con tained in a
spe cial mono graph de voted to Sta runia (Ko tarba, ed.,
2005).

At the end of the 19th cen tury and in the first half of the
20th cen tury ozo ke rite was ex ploited in the Sta runia area
from the Boryslav- Pokuttya Unit of the Car pa thian Fore -
deep Ba sin (Al ex androwicz, 2004, 2005; Kol tun et al.,

2005). In 1907, the re mains of a mam moth and woolly rhi -
noc eros were found in shaft No. 4 (since then known as the
“Mam moth shaft”) of the ozo ke rite mine, at depths of
12.5 m and 17.6 m, re spec tively. In 1929, an unique, fully
pre served woolly rhi noc eros body was found in a spe cial
shaft of the Pol ish Acad emy of Arts and Sci ences, at 12.5 m
depth, in Qua ter nary sedi ments satu rated with oil and brine
(Ko tarba, 2002; Al ex androwicz, 2005).
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Fig. 1. Sketch map of the Starunia palaeontological site and sur round ing area (Carpathian re gion, Ukraine) show ing the lo ca tion of
bore holes drilled for geo chem i cal stud ies



Or ganic mat ter con tained in the Pleis to cene and Holo -
cene sedi ments has two sources: syn ge netic (plant mac ro -
fos sils, mala co fauna; Stachowicz- Rybka et al., 2009) and
epi ge netic (oil as cend ing from deep struc tures of the Bory-
slav-Pokuttya Nappe and satu rat ing Qua ter nary sedi ments;
Ko tarba, 2002; Ko tarba et al., 2005a, 2009a) ones. Salts
precipitated within Qua ter nary sedi ments origi nated from
brines which mi grated from the salt- bearing Vo ro tyshcha
beds (Ko rin, 2005; Du li ñski et al., 2005). Ge netic cor re la -
tion be tween bi tu men hosted in Qua ter nary sedi ments from
the Sta runia area and oil from deep ac cu mu la tions of the
Boryslav- Pokuttya and Skyba units was made by Ko tarba et 
al. (2009a). In flow of oil and ther mo genic gases from these
deep ac cu mu la tions to the Qua ter nary sedi ments, and the
de vel op ment of mi cro bial and sec on dary geo chemi cal pro -
cesses (oxi da tion and bio de gra da tion) within sedi ments
from the Sta runia area were dis cussed by Ko tarba et al.
(2005b, 2008b, 2009b), Sech man et al. (2009) and Ba ra basz 
et al. (2009).

GEO LOG I CAL SET TING
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 (Ko tarba & Kol tun, 2006). Ozo ke rite is a rare pe tro -
leum sub stance. In the Car pa thi ans it is known from only
five sites: Bo rys lav, Vol anka, Truskavets- Pomiarki, Dzvi-
nyach, and Sta runia (Al ex androwicz, 2005).

In the area of the aban doned Sta runia ozo ke rite mine,
the Qua ter nary sedi ments of the Ve lyky Lu kavets River val -
ley are de vel oped as clayey muds with plant re mains, peat,
bio genic muds, and peat muds (Soko³owski et al., 2009;
Soko³owski & Stachowicz- Rybka, 2009). De tails of the ge -
ol ogy and pe tro leum oc cur rence in the Sta runia area were
pub lished by Al ex androwicz (2004, 2005), Kol tun et al.
(2005), Ko rin (2005), Ko tarba & Stachowicz- Rybka
(2008), Ko tarba et al. (2008a), Soko³owski et al. (2009),
Soko³owski & Stachowicz- Rybka (2009), Stachowicz-
 Rybka et al. (2009), and in ref er ences therein.

The top of the salt-bear ing Lower Mio cene Vorotysh-
cha beds in the Starunia area, which un der lie Qua ter nary de -
pos its, oc curs at a max i mum depth of 17 metres (Soko³ow-
ski et al., 2009). The Mio cene strata are sand stone-clay-
stone brec cias with ha lite, po tas sium-salt, gyp sum and cal -
cite lay ers, and veins of ozokerite (Korin, 2005). Within
these sed i ments many brine and salt wa ter springs oc cur in
the vi cin ity of Starunia. The Boryslav-Pokuttya Unit is the
main oil and gas res er voir in the Ukrai nian Carpathians.
Tec toni cally, the unit rep re sents a stack of su per im posed
nappes, each of them com pris ing the flysch se quence cov -
ered by molasse (Œl¹czka et al., 2006). The Oligocene
Menilite beds oc cur in the top of the flysch suc ces sion in the 
outer part of the unit. They are con sid ered to be the most im -
por tant hy dro car bon source rock with rel a tively high or -
ganic mat ter con tent (up to 20 wt%; Kotarba & Koltun,
2006). South and south west of the Starunia ozokerite de -

posit, six oil and gas fields were dis cov ered within the Pala-
eo gene and Neo gene res er voirs of the Boryslav-Pokuttya
and Skyba nappes (Adamenko et al., 2005; Koltun et al.,
2005). The Mio cene Vorotyshcha salt-bear ing beds pro vide
per fect seal ing of hy dro car bon traps in the Boryslav-Poku-
ttya Unit. How ever, these beds un der went con sid er able
frac tur ing in the course of for ma tion of the Starunia Fold,
dur ing the Carpathian 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 sta ble hy dro car bons formed veins of ozokerite.
These pro cesses con tinue even now, which can be seen in
the ex am ples of oil and gas sur face seeps and mud vol ca -
noes in the Starunia area.

METH ODS

Sam pling pro ce dure

For geo chemi cal study of bi tu men and chlo ride con -
tents, 101 core sam ples were col lected from the Qua ter nary
sedi ments: of these, 55 sam ples from the Pleis to cene strata
and 46 from the Holo cene sedi ments. The lat ter sedi ments
were sam pled in ten sively be cause dur ing sam pling of the
Holo cene–Pleis to cene bound ary this bound ary had not been 
de ter mined in bore holes. For com pari son, 5 core sam ples of 
the salt- bearing Lower Mio cene Vo ro tyshcha beds and 7
sam ples of mine wastes were col lected, as well. The lo ca -
tion of sam pled wells is shown in Fig. 1. Li thol ogy of each
sam ple was de scribed. The Pleis to cene sedi ment sam ples
com prised sev eral li tholo gies: peat (4 sam ples), peat muds
(2), bio genic muds (6), clayey muds (41), and muds satu -
rated with bi tu men (2). The Holo cene sam ples com prised:
peat (4 sam ples), peat muds (7), bio genic muds (1), clayey
muds (27), muds satu rated with bi tu men (6), and gravel (1).
De tailed de scrip tion of li thol ogy is pre sented in Soko³owski 
et al. (2009). Af ter drill ing and ship ping to Kraków, the
core sam ples, each weigh ing about 300 grams, were stored
in a dark and cold ware house in or der to pre vent the de vel -
op ment of mi cro or gan isms.

An a lyt i cal meth ods

Equal weights of each sam ple were ho moge nized and
dried at room tem pera ture, then pul ver ized in a mor tar to
frac tion be low 0.2 mm. Py ro ly sis was run with the Delsi
Model II Rock- Eval in stru ment, equipped with the or ganic
car bon mod ule (Es pi talié et al., 1977, 1985, 1986). The ba -
sic pa rame ters meas ured with the Rock- Eval are: free hy -
dro car bons con tent (va por ized at 300°C – S1), re sid ual hy -
dro car bons con tent (py ro lyzed at 300–600°C – S2), car bon
di ox ide pro duced dur ing py ro ly sis at 300–390°C (S3), and
re sid ual or ganic car bon con tent (oxi da tion of unpy ro lyzed
car bon at 600°C – S4). The above pa rame ters are the ba sis
for cal cu lat ing in di ces used for quan ti ta tive and quali ta tive
evalua tion of or ganic mat ter in the ana lysed rocks, i.e.: to tal
or ganic car bon con tent (TOC), pro duc tion in dex [PI =
S1/(S1+S2)], hy dro gen in dex (HI = S2*100/TOC), and oxy -
gen in dex (OI = S3*100/TOC) (Es pi talié et al., 1977).
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Bi tu mens were ex tracted ul tra soni cally with n-hex ane
(15 min., 4 times) at room tem pera ture. The main vol ume of 
sol vent was re cov ered in a ro tary evapo ra tor at 30°C and
200 mbar, and the rest was evapo rated in a fume hood. The
ele men tal sul phur was re moved with na tive cop per. The ex -
tracts were sepa rated into satu rated hy dro car bons, aro matic
hy dro car bons and res ins with col umn chro ma tog ra phy.
Alu mina/sil ica gel (2:1 v/v) col umns (0.8×25 cm) were
eluted with n-hex ane, tolu ene and tolu ene/metha nol (1:1
v/v), re spec tively.

For chlo ride ion anal y sis weighed sam ples, 10 g each,
were taken from the pri mary sam ples and an nealed in a por -
ce lain cru ci ble at tem per a ture of 450°C for 4 hours in or der

to re move or ganic mat ter, then weighed again in or der to es -
tab lish any loss of mass. The an nealed sam ples were dis -
solved in about 400 ml of dis tilled wa ter and boiled for
about 30 min. The so lu tions were sep a rated from the pre cip -
i tates by fil tra tion. The re sid ual pre cip i tate was washed with 
hot dis tilled wa ter un til re ac tion of Cl– ion with AgNO3

showed neg a tive re sults. Ob tained fil trates were di luted to 1 
litre in a mea sur ing flask filled up with dis tilled wa ter. Chlo -
ride ion was de ter mined by ti tra tion with 0.1 N sil ver ni trate
(AgNO3) so lu tion us ing po tas sium chromate (K2CrO4) as
an in di ca tor (Mohr’s method). Con cen tra tions ob tained in
g/litre of chlo ride ion in the solution were recalculated to
weight percents in samples.
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RE SULTS AND DIS CUS SION

The study area is un usual and spe cific be cause two
types of or ganic sub stances oc cur within the Qua ter nary
sed i ments. The first type is re sid ual or ganic mat ter com -
posed of the re mains of plants and an i mals liv ing in the Ple-
istocene and the Ho lo cene (Stachowicz-Rybka et al., 2009). 
The sec ond type is oil mi grat ing from deep ac cu mu la tions
(Kotarba et al., 2005a). Mi grat ing oil un der went many sec -
ond ary pro cesses, the most im por tant be ing biodegra da tion
ac com pa nied by evap o ra tion, wa ter-wash ing and weath er -
ing (Kotarba et al., 2009a). The em place ment of the brines
was sec ond ary to the mi grat ing oil (Moœcicki et al., 2009).

Be low, the re sults are pre sented of geo chem i cal stud ies
of bi tu men and chlo ride ion from the Pleis to cene and Ho lo -
cene sed i ments, and for com par i son, also from the salt-bear -
ing Mio cene Vorotyshcha beds and from the mine wastes.

Pleis to cene sed i ments

The ranges and me dian val ues of geo chem i cal pa ram e -
ters and in di ces of bi tu men and chlo ride ion for Pleis to cene
sed i ments are listed in Ta ble 1. The to tal or ganic car bon

(TOC) con tent usu ally does not ex ceed 4 wt% (Fig. 2), but
lo cally, over 8 wt% oc curs, and the high est TOC value of
17.8 wt% was found in the sam ple col lected from clayey
muds in bore hole No. 33, at 8.1 m depth (Fig. 3A). The
same sam ple shows also very high bi tu men con tent (9.07
wt%, Ta ble 1, Fig. 3A). The high est bi tu men con tent, 9.26
wt%, was ob served in sam ple No. 25/2.6 (biogenic mud)
(Ta ble 1, Fig. 3B). Cor re la tion of to tal ex tract con tent in
clayey muds (Fig. 3A) and in biogenic muds (Fig. 3B) ver -
sus the TOC con tent in di cates that the main mass of or ganic
car bon in the Pleistocene muds is connected with bitumen.

Bi tu men car bon (de fined af ter Espitalié et al., 1985)
con sti tutes 83 wt% of hy dro car bons weight. The ra tio of bi -
tu men car bon to the TOC ex ceeds 0.5 in large num ber of
sam ples (Fig. 4A, B), which means the bi tu mens are the
dom i nant or ganic mat ter. This is sup ported by cor re la tion of 
Rock-Eval S1 free hy dro car bons with the TOC con tent (Fig. 
5A, B). Ac cord ing to or ganic mat ter cat e go ries af ter Smith
(1994), it in di cates that most of the ana lysed sam ples were
sat u rated with mi grat ing oil (Fig. 5A, B). Cor re la tion of the
ex tracted C15+ hy dro car bon con tents (sat u rated and ar o -
matic hy dro car bons) ver sus the TOC (Fig. 6A, B) re veals
the dom i na tion of sat u rated and ar o matic hy dro car bons in
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Fig. 2. His to gram of TOC and to tal ex tract con tents, bi tu men car bon/TOC, Rock-Eval S1 and S2 pa ram e ters, Rock-Eval pro duc tion,
hy dro gen and ox y gen in di ces, and chlo ride ion con tent for the Pleis to cene and Ho lo cene sed i ments
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Fig. 3. To tal ex tract ver sus TOC con tents for (A) Pleis to cene
clayey muds, (B) the rest of Pleis to cene sed i ments, and (C) Ho lo -
cene sed i ments, salt-bear ing Mio cene Vorotyshcha beds and mine
wastes. Sam ples de scrip tions in clude the num ber of bore hole and
sam pling depth (in metres). Pl – Pleitocene, H – Holocene

Fig. 4. Bi tu men car bon/TOC ra tio ver sus TOC con tents for (A)
Pleis to cene clayey muds, (B) the rest of Pleis to cene sed i ments,
and (C) Ho lo cene sed i ments, salt-bear ing Mio cene Vorotyshcha
beds and mine wastes. Ex pla na tions of sym bols as in Fig. 3



frac tion com po si tion of bi tu men (Ta ble 1). Both the sat u -
rated and ar o matic hy dro car bon frac tions con tents usu ally
con sti tute from 60 to 70 wt% and from 25 to 35 wt%, re -
spec tively (Ta ble 1, Fig. 7A, B). The Rock-Eval S2 re sid ual
hy dro car bon con tent is usu ally lower than that of free hy -
dro car bons, so most val ues of pro duc tion in dex (PI) are
over 0.6 (Fig. 2). Rocks dom i nated with mi grat ing hy dro -
car bons show PI values over 0.4 (Espitalié et al., 1977).

The hy dro gen (HI) and ox y gen (OI) in di ces of Rock-
Eval anal y sis were used (Espitalié et al., 1977) to quan tify
re sid ual hy dro car bons and or ganic ox y gen com pounds, re -
spec tively. The ana lysed sed i ments re veal vari able val ues of 
HI (Ta ble 1, Fig. 2) and OI (Ta ble 1, Figs 2, 8). The OI in -

dex de creases with the in creas ing TOC con tent (Fig. 8).
This pat tern is typ i cal of or ganic mat ter at var i ous stages of
ox i da tion. A sim i lar pat tern is ob served for ex am ple in the
Kupferschiefer from the Lubin Cop per Dis trict in Po land
(Pieczonka et al., 2008). Sed i ments rich in or ganic mat ter
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Fig. 5. The Rock-Eval S1 pa ram e ter ver sus TOC con tents for
(A) Pleis to cene clayey muds, (B) the rest of Pleis to cene sed i -
ments, and (C) Ho lo cene sed i ments, salt-bear ing Mio cene
Vorotyshcha beds and mine wastes. Sam ples de scrip tions in clude
the num ber of bore hole and sam pling depth (in metres). Bound ary
line af ter Smith (1994). Ex pla na tions of sym bols as in Fig. 3

Fig. 6. Iden ti fi ca tion of epigenetic hy dro car bons in terms of ex -
tracted C15+ hy dro car bons and TOC con tents for (A) Pleis to cene
clayey muds, (B) the rest of Pleis to cene sed i ments, and (C) Ho lo -
cene sed i ments, salt-bear ing Mio cene Vorotyshcha beds and mine
wastes. Bound ary line af ter Hunt (1979) and Leenheer (1984). Ex -
pla na tions of sym bols as in Fig. 3



are char ac ter ized by high HI and low OI val ues, whereas
these poor in or ganic mat ter show low con tents of re sid ual
hy dro car bons and high con tents of or ganic ox y gen com -
pounds. This phe nom e non can be ex plained by eas ier ox i -
da tion of dis persed or ganic mat ter. Also, sed i ments with
higher TOC con tents (char ac ter ized by high HI val ues, Fig.
9) lose their or ganic car bon dur ing weath er ing (ox i da tion),
which is com bined with the in creas ing num ber of ox y gen
at oms in the struc ture. As the Rock-Eval S2 re sid ual pe tro -
leum po ten tial of the stud ied sam ples is a mix ture of re sid -
ual Qua ter nary or ganic mat ter and heavy com pounds de -
rived from evap o ra tion and ox i da tion of mi grat ing oil, the
identification of kerogen type of dispersed original organics 
using classic HI - OI correlation (Fig. 9) is impossible.

The con tent of bi tu men sat u rat ing the Pleis to cene sed i -
ments is usu ally in de pend ent of sam pling depth (Fig. 10),
but in some sam ples, e.g. in bore holes Nos 15 and 28 (Fig.
10) it reg u larly in creases with the in creas ing sam pling
depth. The high est mean ex tract con tents (over 6.5 wt%)
were no ticed in bore holes Nos 1 and 25 (Fig. 11A). This
area is highly sat u rated with bi tu men and is un fa vour able
for pres er va tion of large mam mals be cause the thick ness of
muds is be low 2 m (Fig. 11A). The high est sat u ra tion in bi -
tu men oc curs in the area where thick ness of Pleis to cene
muds ex ceeds 2 m, i.e., in boreholes Nos 23 and 42 (Fig.
11A).

An other sub stance hav ing a con serv ing ef fect even
stron ger than bi tu men for bod ies of Pleis to cene mam mals is
salt (chlo ride ion). Its con tent in the stud ied muds var ies
from 0 to ca. 4 wt% (Ta ble 1, Fig. 12A), but is usu ally be -
low 1 wt% (Fig. 2). The high est chlo ride ion con tents were
de tected in peat sam ples (up to 4.66 wt%, Ta ble 1, Fig.
12B), prob a bly due to fill ing of un con sol i dated sed i ments
with brine. Con tents of chlo ride ion are in versely pro por -
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Fig. 7. Ter nary di a gram of bi tu men frac tions for (A) Pleis to cene clayey muds, (B) the rest of Pleis to cene sed i ments, (C) Ho lo cene
clayey muds, and (D) the rest of Ho lo cene sed i ments, salt-bear ing Mio cene Vorotyshcha beds and mine wastes. Ex pla na tions of sym bols
as in Fig. 3

Fig. 8. The Rock-Eval ox y gen in dex ver sus TOC con tents for
(A) Pleis to cene clayey muds, (B) the rest of Pleis to cene sed i -
ments, and (C) Ho lo cene sed i ments, salt-bear ing Mio cene Voro-
tyshcha beds and mine wastes. Sam ples de scrip tions in clude the
num ber of bore hole and sam pling depth (in metres). Ex pla na tions
of sym bols as in Fig. 3
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Fig. 9. The Rock-Eval hy dro gen in dex ver sus ox y gen in dex for (A) Pleis to cene clayey muds, (B) the rest of Pleis to cene sed i ments, and 
(C) Ho lo cene sed i ments, salt-bear ing Mio cene Vorotyshcha beds and mine wastes. Sam ples de scrip tions in clude the num ber of bore hole
and sam pling depth (in metres). Ex pla na tions of sym bols as in Fig. 3

Fig. 10. Depth dis tri bu tion of chlo ride ion and bi tu men con tents in lithological col umns of se lected bore holes Nos 4’, 15, 22, 28 and 33
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tional to con tents of to tal ex tract (Fig. 12A & B), which sug -
gests that both can not co ex ist in the sed i ment. In sed i ments
of high chlo ride con tent low ex tract ef fi ciency was noted
but the re verse re la tion ships were also ob served (Fig. 12A,
B). This is prob a bly caused by fill ing of Pleis to cene sed i -
ments with brines orig i nat ing from leach ing of salts by me -
te oric wa ters within the Mio cene Vorotyshcha beds. Then,
both the oil and nat u ral gases mi grated from deep struc tures
through frac ture sys tems and filled the open spaces. It is
pos si ble that oil, as a low-den sity liq uid, had mi grated ear -
lier, fill ing the pore struc ture of Qua ter nary sed i ments and
was sub se quently partly dis placed by brines. This pro cess
was par tic u larly strong be tween the last three de cades of the 
19th cen tury and 1960, when the in ten sive min ing op er a -
tions took place. The con tent of sat u rated hy dro car bons
(i.e., the main com po nents of bi tu men) ver sus con tent of
chloride changes in the studied sediments (Fig. 13A, B) and
is comparable to that from the extract (Fig. 12A, B).

The high est mean chlo ride con tents, over 1 wt%, were
de tected in bore holes Nos 22, 36N and 37. The first two
bore holes are lo cal ized in the area where the thick ness of
Pleis to cene muds ex ceeds 2 m (Fig. 11A). In the Pleis to cene 
suc ces sions from bore holes Nos 23 and 28, and from their
vi cin ity, the de tected con sid er able amounts of Cl– (about 1
wt%) pro vide good pres er va tion con di tions for large,
extinct mammals.

The most sa line wa ters in the Starunia area re sult from
dehydratation of clay min er als dur ing burial diagenesis fol -
lowed by leach ing of salt lay ers within the Mio cene
Vorotyshcha beds (Duliñski et al., 2005). De spite the ob -
served low sa lin ity of the in ves ti gated sam ples, at ten tion
should be paid to the fact that sa lin ity is caused mainly by
the pres ence of in ter sti tial wa ters. Their rel a tively small
mass, com pared to that of min er als, in di cates that these wa -
ters orig i nate from highly con cen trated brines, as con firmed 
by geoelectric stud ies (Moœcicki et al., 2009).

In the north-east ern part of the study area, the thick ness
of Pleis to cene muds is less than 2 m and in some bore holes
(Nos 1, 4, 4’ and 25) no chlo ride ion was de tected within
these sed i ments (Fig. 11A). There fore, there is min i mum
chance to dis cover well-pre served re mains of large mam -
mals in this zone.

Tak ing into con sid er ation the con tents of pre ser va tives: 
chlo ride ion and bi tu men, the most fa vour able zone for
pres er va tion of fos sils is in the vi cin ity of bore holes Nos 22, 
23, 28 and 36N (Fig. 11A). This zone also ac cu mu lates the
least-de graded hy dro car bons (Kotarba et al., 2009a).
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Fig. 12. To tal ex tract ver sus chlo ride ion con tents for (A) Pleis -
to cene clayey muds, (B) the rest of Pleis to cene sed i ments, (C) Ho -
lo cene clayey muds, and (D) the rest of Ho lo cene sed i ments,
salt-bear ing Mio cene Vorotyshcha beds and mine wastes. Ex pla -
na tions of sym bols as in Fig. 3

Fig. 13. Sat u rated hy dro car bon con tents in rocks ver sus chlo ride 
ions con tents for (A) Pleis to cene clayey muds, (B) the rest of
Pleis to cene sed i ments, (C) Ho lo cene clayey muds, and (D) the rest 
of Ho lo cene sed i ments, salt-bear ing Mio cene Vorotyshcha beds
and mine wastes. Ex pla na tions of symbols as in Fig. 3



Ho lo cene sed i ments

The Ho lo cene sed i ments are too young for pres er va tion 
of re mains of the ex tinct large mam mals but they may trap
the mi grat ing oil and brine. The ranges and me dian val ues
of geo chem i cal pa ram e ters, in di ces pro vided by the
Rock-Eval py rol y sis, and chlo ride ion con tents in Ho lo cene
sed i ments are listed in Ta ble 2, whereas the his to grams of
the main pa ram e ters and in di ces for Ho lo cene muds are pre -
sented in Fig. 2. The to tal or ganic car bon (TOC) con tent,
com pa ra ble to that from the Pleis to cene muds, usu ally does
not ex ceed 4 wt% (Fig. 2), but lo cally reaches over 8 wt%.
The high est value, 18.5 wt%, was de ter mined in a sam ple
col lected from mud sat u rated with bi tu men in bore hole No.
22 at 1.1 m depth (Fig. 3C). The high est ex tract yield, 5.49
wt%, was ob tained from peat mud sam ple taken from bore -
hole No. 25 at 1.7 m depth. In the same bore hole the high est
bi tu men con tent in Pleis to cene sed i ments was ob served
(Ta ble 1, Fig. 3C). No cor re la tion of the to tal ex tract yield
ver sus TOC con tents was ob served in Ho lo cene sed i ments
(Fig. 3C). The bi tu men car bon/TOC ra tio is mainly be low
0.5 (Fig. 4C). This re la tion ship as well as cor re la tion of free
hy dro car bons (S1) ver sus TOC con tent (Fig. 5C) in di cate
par tial sat u ra tion of the ana lysed sam ples (Fig. 5C), but the
share of mi grat ing hy dro car bons is not as high as that in the
Pleis to cene sed i ments (Fig. 5A, B). The same ef fect is vis i -
ble in the di a gram of ex tracted C15+ hy dro car bon con tent
(sat u rated and ar o matic hy dro car bons) ver sus TOC con tents 
(Fig. 6C). The frac tion com po si tion of bi tu men is dom i -
nated by sat u rated and ar o matic hy dro car bons (Ta ble 2, Fig. 
7C, D), com pa ra ble to the Pleis to cene sed i ments de scribed
pre vi ously (Ta ble 2, Fig. 7A, B). The re sid ual hy dro car bons 
(S2) con tent is usu ally higher than that of free hy dro car -
bons, hence, the pro duc tion in dex (PI) val ues are mainly be -
low 0.4 (Fig. 2) in di cat ing the dom i nance of heavy sub -
stances pyrolyzed at tem per a tures over 300°C. These
substances are of both migrational (heavy oil compounds
resulting from evaporation and/or oxidation of oil) and
residual (from Quaternary plants and animals) origins.

Both the hy dro gen (HI) and ox y gen (OI) in di ces
(Espitalié et al., 1977), which de scribe quan ti ta tively re sid -
ual hy dro car bons and or ganic ox y gen com pounds in the
ana lysed sed i ments show vari able val ues (Ta ble 1, Figs 2,
8C, 9C). The ox y gen in dex de creases with the in creas ing
TOC con tents (Fig. 8C). Such a pat tern is typ i cal for or ganic 
mat ter at var i ous stages of ox i da tion, i.e., com pa ra ble to that 
hosted in the Pleis to cene sed i ments. The ox i da tion pro cess
of or ganic mat ter is also visible in HI/OI correlations (Fig.
9C).

The con tents of bi tu men in Ho lo cene sed i ments are
usu ally in de pend ent on sam pling depth (e.g., bore holes Nos 
22 and 4’; Fig. 10). The high est mean con tent of ex tract
(over 2.5 wt%), was no ticed in bore hole No. 25 (Fig. 11B).

Chlo ride con tents in the ana lysed muds are usu ally be -
low 0.5 wt% (Fig. 2). The high est val ues of this pa ram e ter
were found in muds sat u rated with bi tu men (up to 8.54
wt%; Ta ble 2, Fig. 13D), which is prob a bly the re sult of fill -
ing the gran u lar struc ture of Ho lo cene sed i ments with brine. 
Chlo ride ion con tents are in versely pro por tional to to tal ex -
tract con tents (Fig. 12C, D), but this phe nom e non is not as

well-marked as in the Pleis to cene sed i ments. The same re la -
tion ship can be ob served for sat u rated hy dro car bon ver sus
chlo ride ion con tents (Fig. 13C, D). The high est mean chlo -
ride con tents (over 0.8 wt%) were de tected in bore holes
Nos 7, 22, 31 and 42, while in bore holes Nos 1, 4’, 25 and
33 no chlorides were detected (Fig. 11B).

Mio cene strata and mine wastes

The Mio cene sed i ments and mine wastes were sam pled
only for com par a tive pur poses. The ranges of val ues and the 
me di ans of geo chem i cal pa ram e ters and in di ces de ter mined
by the Rock-Eval py rol y sis and chlo ride ion con tents for the 
Mio cene Vorotyshcha beds as well as for mine wastes are
pre sented in Ta ble 1. The TOC con tents usu ally do not ex -
ceed 4 wt% (Ta ble 1), cor re spond ing to val ues found in
Qua ter nary sed i ments. Max i mum TOC val ues (5.8 wt%)
were found in mine wastes. The high est TOC con tent in the
Mio cene Vorotyshcha beds reached 3.25 wt% (Ta ble 1).
The high est ex tract yields in the mine wastes and in the
Mio cene strata amounted 2.05 and 2.97 wt%, re spec tively
(Ta ble 1, Fig. 3C). A pos i tive cor re la tion of the to tal ex tract
and TOC con tents was ob served only in the Mio cene strata
(Fig. 3C). The bi tu men car bon/TOC ra tio val ues vary from
0.27 to 0.76 and mean value is around 0.5 (Ta ble 1, Fig.
4C). The re la tion ships of free hy dro car bons (S1) and ex -
tracted C15+ hy dro car bon con tents (sat u rated and ar o matic
hy dro car bons) ver sus TOC con tents (Figs 5C, 6C) in di cate
that the ana lysed rocks were sat u rated with the mi grat ing
hy dro car bons, which cor re sponds to the re la tion ships in
Pleis to cene sed i ments. Frac tion com po si tion of bi tu men is
dom i nated by sat u rated and ar o matic hy dro car bons, sim i -
larly to Qua ter nary sed i ments dis cussed pre vi ously (Ta ble
1, Fig. 7D). The re sid ual hy dro car bons con tent (S2) is usu -
ally lower than that of free hy dro car bons, so the pro duc tion
index (PI) values are mainly over 0.5 (Table 1), indicating
the dominance of light epigenetic compounds vaporized at
temperature 300°C.

Val ues of hy dro gen (HI) and ox y gen (OI) in di ces
(Espitalié et al., 1977) in the ana lysed sed i ments are vari -
able (Ta ble 1, Figs 8C, 9C). Like in Qua ter nary sed i ments,
ox i da tion of or ganic mat ter in creases with the de creas ing
TOC con tent (Fig. 8C). Ox i da tion pro cess of or ganic mat ter 
is also vis i ble in the HI ver sus OI correlation (Fig. 9C).

In suf fi cient num ber of anal y ses pre cluded cor re la tions
of bi tu men and chlo ride ions con tents in the Mio cene strata
and mine wastes with depth (Fig. 10). The chlo ride con tents
in the Mio cene strata and mine wastes vary from 0 to 7.1
wt% and from 0.85 to 1.68 wt%, re spec tively (Ta ble 1, Figs
12D, 13D). Most of re sults ex ceed 1 wt% and the high est
val ues of this pa ram e ter were noted in the Mio cene strata
(Ta ble 1, Fig. 12D). The Lower Mio cene Vorotyshcha beds
are rich in ha lite and sylvite (Mitura, 1944; Korin, 2005)
and these min er als are the source of chlo rides de tected in
Qua ter nary sed i ments (Moœcicki et al., 2009). The mine
wastes con sist mainly of Mio cene rocks, which were re -
moved dur ing ozokerite ex ploi ta tion, so they prob a bly re -
tain their “re sid ual” salt, not mi grated one, as the Qua ter -
nary sed i ments. How ever, like in Qua ter nary sed i ments, in
the Mio cene strata chlo ride ion con tents de crease with the
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in creas ing con tents of to tal ex tract (Fig. 12D), ex cept for
mine wastes. The same de pend ence can be ob served for
contents of saturated hydrocarbons versus chlorides (Fig.
13D).

CON CLU SIONS

Geo chem i cal stud ies al lowed us to iden tify the fa vour -
able zones for pres er va tion and con ser va tion of large mam -

mal fos sils within Pleis to cene muds in Starunia. Both the bi -
tu men (oil) and brine (chlo ride ion) were con serv ing agents
for the large, ex tinct Pleis to cene mam mals; there fore, muds
of this age were paid a spe cial at ten tion. The study area is
un usual and spe cific since two types of or ganic mat ter oc cur 
in Qua ter nary sed i ments. The first type is re sid ual or ganic
mat ter constitued from the re mains of the Pleis to cene and
Ho lo cene plants and an i mals, whereas the sec ond type is oil
mi grat ing from deep accumulations in the Boryslav-Poku-
ttya Nappe.
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The to tal or ganic car bon (TOC) con tents in the Pleis to -
cene muds usu ally do not ex ceed 4 wt% and reach max i -
mum 17.8 wt% at var i ous stages of ox i da tion. The main
mass of or ganic car bon hosted in the Pleis to cene muds con -
sists of bi tu men. The high est bi tu men con tent (9.26 wt%)
was de tected in biogenic muds. An other con serv ing agent,
even more ef fec tive than bi tu men, is salt. Chlo ride ion con -
tents in stud ied muds vary from 0 to 4.66 wt% but are usu -
ally be low 1 wt%. De spite the ob served low sa lin ity of the
Pleis to cene muds, at ten tion should be paid to the fact that it
is re lated to the pres ence of in ter sti tial wa ter. Its rel a tively
small mass in com par i son to that of min er als in di cates that it 
orig i nated from highly con cen trated brines ascending from
the salt-bearing Lower Miocene Vorotyshcha beds.

The nat u ral path ways of un der ground flu ids (oil, gas
and wa ter) mi gra tion within Qua ter nary sed i ments were dis -
turbed by in ten sive min ing op er a tions run be tween the last
three de cades of the 19th cen tury and 1960. In fil tra tion of
me te oric wa ters, in ten sive drain age from shal low shafts and 
also open ing of new mi gra tion routes for deep flu ids from
the salt-bear ing Mio cene Vorotyshcha beds changed the
quan ti ties of oil and salt im preg nat ing the Qua ter nary sed i -
ments. These routes are still open. There fore, the pres ent
pres er va tion and con ser va tion con di tions of large, ex tinct
mam mal bod ies can be dif fer ent from those of Pleis to cene
age, when the an i mals were buried, and from before the
time of mining operations.

The most fa vour able area for con ser va tion and pres er -
va tion of fos sils was found close to bore holes Nos 22, 23,
28 and 36N, where the thick ness of Pleis to cene muds ex -
ceeds 2 m and where ap pro pri ate quan ti ties of pre ser va -
tives: salts and bitumen occur.

Gen er ally, the spa tial dis tri bu tions of bi tu men and chlo -
ride ion con tents within the Ho lo cene sed i ments and the
salt-bear ing Mio cene Vorotyshcha beds are very sim i lar to
those found in Pleis to cene strata.
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