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Received in revised form: 04.02.2019 Abstract. The first discoveries of mummified carcasses of the woolly rhinoceros, mammoth,

Accepted: 28.04.2019 horse, roe deer and other animals were made at a depth of 12 m in the course of mining

work at an ozokerite mine near the village of the Starunia. In 1929 an expedition of the

Academy of Arts and Sciences from Krakow, when investigating the mine at a depth of
17 m, found the remains of 3 more woolly rhinoceroses. There were also numerous bones of small vertebrates (rodents), artichokes,
numerous insects, beetles, parasitic worms, fleas, butterflies, spiders, snails, vascular plants, seeds and branches of dwarf birch, alder,
and other representatives of tundra flora. In March 1977, after the earthquake in the Vrancha Mountains (Romania), the first and still
the only mud volcano in the Carpathians, which added an entirely new “ note “ to the Starunia paleontological location , arose on the
ozokerite deposit. In the 1970s-80s several dozen remains of ancient man from the late Paleolithic, Mesolithic and Neolithic periods
were discovered. In 2004-2009, two Ukrainian-Polish expeditions were organized. The results of both expeditions were published in
2005 in the book «Polish and Ukrainian Geological Studies (2004-2005) at Starunia — the area of discoveries of Woolly Rhinoceros»
and the scientific collection «Interdisciplinary Studies (2006-2009) at Starunia (Carpathian Region, Ukraine). The main achievements
are set forth in 17 articles and relate to the geological environment, geomorphology, lithology, stratigraphy and paleography of the
Holocene deposits, their palynological and paleobotanical characteristics, chronostratigraphy and environmental changes during
the period of the late Pleistocene and Holocene, and also research by methods of electric probe, gravity and microgravity survey,
geochemical analysis, microbiological characteristics and bitumen of Quaternary deposits. An important result was the discovery of
the most productive area where the remains of giant mammals and even Pleistocene Cro-Magnon could still be found at depths. All the
numerous interdisciplinary research of Polish and Ukrainian scientists confirms the uniqueness of Starunia on a global scale, requiring
the preservation and further study of the paleontological finds and of the only mud volcano in the Carpathians. Such findings can only
be made by organizing the Starunia International Ecological and Tourist Center «Geopark Ice Age».

Keywords: Upper Pleistocene, woolly rhinoceros, mammoth, tundra, natural-man-made geosystems, paleoclimate.

Cxema crparurpagii Bepxuboro mjieiicrouneny CrapyHi ik «MiCTOK» MikK aHAJOTiYHUMU CXe-
Mamu 3axigHoi €Bponu Ta piBHHHHOI YKpaiHu
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lsano-Ppankiscorull HayioHATbHUL MeXHIYHULL YHIgepcumem Hagmu i 2aszy, Yxpaina, leano-PpanKiscok,
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Awnorauisi. [Tepii 3Haxigku MyMihiKoBaHHX TYII BOJIOCATOr0 HOCOPOTra, MAMOHTA, KOHsI, KO3yJi Ta IHIINX TBapUH 3A1HCHIOBAJIKCS Ha
mOHHI 12 M Ipy IPOXOPKEHHI TIPHAYIX BUPOOOK T BUAOOYTKY 030KepHTy 01t cena Carpyns. Y 1929 pomni excieauiiisi Akagemii
MHCTENTB Ta Hayk i3 KpakoBa, miji 4ac MpOXO/PKEHHS IaxTH Ha MIMOMHI 17 M, BUSBHIIA 3aJIUIIKH IIe 3 BOJIOXAaTHX HOCOPOTiB. byman
TaKOX YHCIICHHI KiCTKH APIOHNX XpeOeTHUX (IPHU3yHIB), apTUIIOKH, YUCICHHI KOMaxXH, )KyKH, Tapa3suTHIHI XpoOakw, Oomuii, MeTe-
JIMKH, TIaBYKH, CIIMMAKHU, CyANHHI POCIIMHY, HACIHHS Ta TUIKM KapJIMKOBOI Oepes3H, BUTBXU Ta IHIINX MPEICTaBHUKIB TYHIPOBOi iro-
pu. Y 6epesni 1977 poky, miciist 3emierpycy B ropax Bpanda (PymyHis), Ha 030KepHTOBOMY POZOBHINI BUHUK NEPIIMH 1 10 LUX Mip
YHIKaJIBHU# Tps3b0BUii BynkaH B Kaprarax, sikvii HaJlaB CTapyHCBKOMY ITaJICOHTOJIOTIYHOMY MiCI[E€3HAXOJKCHHIO HOBE «3BYUaHHS».
VY 70-80-x pokax XX cTomiTTsi Oy/0 BUSIBICHO AEKLTbKAa JECATKIB CTOSHOK CTapOAaBHBOI JIOAMHMU I1i3HBOTO MAJICOJITy, ME3OMITy i
HEOJITY.
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Y 2004-2009 poxax Oyiio opraHi30BaHO JB1 yKpaTHCHKO-TIONBCHKI eKcrieAnIIii. Pesynprati 000X ekcnequmiii Oyu omyomikoBaHi y 2005
poui B kam3i «Ilonbebki Ta ykpaiHchkki reonorivni gocmimpkenas (2004-2005) y CrapyHi — o6acTi BiIKpHTS IIEPCTHCTOTO HOCOPOTa
Ta HayKoBoMY 30ipHHKY «Mikancuumtinapsi gocuimkenss (2006-2009) y «Crapynii» (Kapnaru). OcHOBHI ZOCSTHEHHS HaBe/ieHi B 17
CTATTSX 1 CTOCYIOTHCS T€0JIOTYHOTO CepeJoBHIIa, reoMopgoIorii, JiTosorii, crparurpadii Ta maneorpadii roIoreHOBUX BiAKIaIIB, X
HaJiHOJIOTIYHOT Ta Maaeo00TaHIuHOT XapaKTePUCTHK, XpOHOCTpaTirpadil Ta 3MiHH HABKOJIMIIHBOTO CEPEAOBHILA BIIPOJOBK Ii3HBOTO
IUICHCTOLIEHY Ta TOJIOLEHY, a TAKOX CTOCYIOTHCS NOCIIPKEHb METOAAMM €JIEKTPUYHOIO 30HIYBaHs, IPaBi- Ta MarHiTOPO3BiIKH,
TeOXIMIYHMX aHaJli3iB, MIKpPOOIOJIOTIYHUX XapaKTEPUCTHK Ta OiTyMiB YeTBEPTHHHHX BiIKiIaniB. Pe3ymsraTroM mporo Oyio BiIKpUTTS
HaAMOLIBII CIPUSTINBOTO PalioHy, I¢ Ha IIIHMOMHI BCE 1€ MOYKHA BUSIBUTH 3aJIMIIKH TTaHTCHKUX CCaBIIiB 1 HABITh KPOMAHBOHIIIB TIJICH-
CTOIEHY. YCi YHCIICHHI MDKANCIMIUTIHAPHI JOCITiKCHHS MTOJBCHKUX 1 YKPATHCHKUX BUCHUX i ITBEPIUKYIOTH YHIKaIbHICTH CTapyHi Ha
100aIbHOMY PIBHI. 1[0 BUMarae 30€peKeHHS 1 ITOaIbIIOr0 BUBUCHHS MTAJICOHTOIOTYHHX 3HAX1JIOK 1 €AMHOTO TPSI3b0BOTO BYJIKaHA B
Kapnarax. Taki BHCHOBKH MOXKYTb OyTH 3po0JIeHI JIMIIIE IIUITXOM OpraHi3alii MiXXHApOAHOTO €KOJIOTO-TYPHCTHYHOTO IeHTpy «[eonapk
JIbomOBHUKOBUIA TIEPiOIY.

Knrouogi crosa: eepxmiii naeticmoyen, 6onoxamuii Hocopie, MAMOHM, MYHOPA, NPUPOOHO-AHMPONOLEHHI 2e0CUCeMU, NATEOKTIMAMU.

Relevance of the topic. The ecological state of the
environment in the western region of Ukraine has
considerably deteriorated over the last decade. It is
caused by excessive recreational loading, pollution
of water objects with domestic sewage, increasing
emissions of vehicles into the air, uncontrolled felling
of the forests, the impact of technogenically hazardous
objects: Burshtinska TPP, Kalush salt mines, the
Dombrovsky quarry and its tailings , objects of oil
and gas extraction and petrochemical processing,
unauthorized extraction of sand gravel-pebble deposits
from river channels, active development of landslides,
sulphurization, karst and erosion processes. The
construction of a hydroelectric power station on the
mountain rivers and the Dniester river, which involves
the construction of a dam and a reservoir, water pipe
lines along the channels of mountain rivers, can be
a major new environmental threat. The catastrophic
floods on the Dniester, Prut, Siret and Tisza rivers,
which have become more frequent in recent years
(2002, 2008, 2018), are associated with a special
threat to natural geosystems, economy, transport
infrastructure and population, which is associated
with global warming and increasing technogenic
load on geosystems. The western region of Ukraine
is located in the zone of developed atmospheric storm
activity and, accordingly, in the area of increased risk
of occurrence of waterborne disasters occurring on
various scales, including catastrophic, flooding and
waterlogging of territories, destruction of engineering
infrastructures and disruption of communications
with devastating consequences.

Therefore, it is important to map natural and
human structures based on maps of Quaternary
deposits, geomorphology, landscapes, which are
based on a detailed stratigraphic dismemberment of
the Pleistocene and Holocene supporting sections.
One of such sections is Starunia — the paleontological
location of the late Pleistocene fauna of wooly rhinos
and mammoths in Bogorodchansk district of Ivano-

214

Frankivsk region, 18 km from the city of Ivano-
Frankivsk.

From the history of research. The first finds at
this site of the wooly rhinoceros, mammoth, horse,
roe deer, and other animals of the Pleistocene’s so-
called mammoth fauna were made in October 1907
at a depth of 12 m during the excavation of a shaft
for the extraction of ozokerite near the village of
Starunia. Scientists from Krakow and Lviv duly
appreciated these unique discoveries and published a
number of articles and a monograph in 1914 (Bayger,
1914; Lomnicki, 1908).

In 1929, an expedition of the Academy of Arts
and Sciences from Krakow while digging a special
research shaft found three more carcasses of woolly
rhinoceros embalmed in bitumen and salt at a depth
of 17 m. There were also numerous rodent bones,
mollusc shells, numerous insects, beetles, parasitic
worms, fleas, butterflies, spiders, snails, vascular
plants, dwarf birch seeds and branches, alder and
other representatives of tundra flora (Kotarba,
2005). Comprehensive study of these finds and the
corresponding publication were interrupted by the
Second World War.

In the postwar years, ozokerite deposits in the
villages of Starunia and Dzvinyach were explored,
active exploration for oil was conducted, but its
deposits in the dome of the Starunia fold proved not
to be industrial.

In March 1977, after the earthquake in the
Vrancha Mountains (Romania), on the ozokerite
deposit of Starunia, the first mud volcano in
the Carpathians arose, adding to the Starunia
paleontological location a new «sound». Professors
of the Ivano-Frankivsk Institute of Oil and Gas, N.
Kh. Bilous and V. M. Klyarovsky, who studied the
manifestations of mud volcanism in Starunia during
1977-1988 (Belous, Kliarovskyi, 1987), registered
this 60 hectare site at as a natural geological
monument of national value. At the same time, the
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study of Starunia drew the attention of geologists of
the Department of General Geology of the Institute
of Oil and Gas, O. Adamenko, O. R. Stelmakh, G. D.
Stelmakhovich, N. M. Shevchuk, V. V. Kolencko
(Adamenko, Kryzhanivskyi and Vekeryk, 2005;
Adamenko, 2007; Adamenko et al, 2017; Adamenko
O.M., Karpash O.M., Zorin D.O., Kotarba LV.,
Mosiuk L.I., Kovbaniuk M.I., Adamenko O.M. 2007,
Adamenko O.M., Kryzhanivskyi Ye.l., V.I. Vekeryk.
2005).

They were joined by paleontologists of the
Natural History Museum of the National Academy
of Sciences of Ukraine from Lviv, D. M. Drigant
and others (Kotarba, 2005), as well as archacologists
of the Institute of Ukrainian Studies named after. I.
Krepeyakevych of the National Academy of Sciences
from Lviv, L.G.Matskevy and Ivano-Frankivsk
Pedagogical Institute named after V. Stefanyk,
B. A. Vasilenko and I. T. Kochkin (Adamenko,
Kryzhanivskyi and Vekeryk, 2005; Lomnicki, 1908).
In the vicinity of Starunia, several dozen remains
of ancient man from the late Paleolithic, Mesolithic
and Neolithic periods were discovered. It is worth
mentioning that in 1914 Professor M. Lomnitsky
(Bayger, 1914) wrote about a round hole in the skull
of a rhinoceros, along with which a fragment of a
wooden spear with a sharpened end was found. That
shows that primitive hunters - Cro-Magnon lived
alongside the woolly rhinoceros.

In 1988-1989 the Institute of Oil and Gas (O. M.
Adamenko, O. R. Stelmakh, L. M. Mikhals’k, 1. R.
Mihailiuk) began research on Starunia financed by the
Ministry of Education and Science of Ukraine. The
detailed (1: 10,000) topographical (R.G. Pylypiuk)
and radiometric (V.P. Stepaniuk) monitoring of
the monument were also performed (Adamenko,
Kryzhanivskyi and Vekeryk, 2005).

In 2004 two Polish-Ukraininan expeditions
explored the area, their results were published in two
monographs by M. Kotarba (Kotarba, 2005; Kotarba,
2009).

Materials and methods. In 2006-2009, it was
possible to arrange drilling of 33 core wells with
100% core output for detailed study of sections II and
I of the above-floodplain terraces and the re-enclosed
valley of the River Lukavets Veliky buried beneath
them. Geological and geomorphological, geophysical,
geochemical studies with the use of modern technology
continued. Several dozen radiocarbon dates from 44
to 11 thousand years have been received. Isotopic
determination of carbon was performed to understand
its origin from — taken from the depths of the oil
deposit or from the decomposition of bioorganic

plants and animals of the Pleistocene. Dozens of
detailed spore-pollen charts, paleocarpological and
malacofaunistic definitions have been obtained. The
structure of deposits was detailed with the help of
microgravity, electrostatic, microbiological methods.
It is determined that the Pleistocene incision covers
the period from the Eemian interglacial to the
last phase of the Wiirm glaciation. The section of
Holocene deposits is also studied in detail. But the
most important result was the discovery of the most
productive area, where the remains of Pleistocene
mammals could still be found, and possibly their
hunters - our ancestors Cro-Magnon, were found at
depths from 4.5 to 8 m in paleoswamp sediments with
a capacity of 2 m of bituminous black mud and salt

In 2016-2018 geologists and ecologists of
the University of Oil and Gas, V.G. Omelchenko,
T. Kalin, D.M. Vinnichuk, T.Yu. Fedorchak, V.P.
Javorsky performed radiometric and snow-gauge
measurements at Starunia, They evaluated the soil
cover by selecting 133 samples and analyzing them
for the content of heavy metals Cd, Pb, Cu, Zn and
petroleum products, and determined the surface water
quality of the Lukavets Veliky and Rinne streams.
Presenting the main material. The Starunia
paleontological location is located within the limits
of the historic nature monument of Starunia with an
area of 60 hectares (Belous & Kliarovskyi, 1987) or
on the Starunia geodynamic landfill (Adamenko et
al., 2017). In geological-tectonic terms, this is the
Boryslav-Pokutsky zone of the Precarpathian regional
(advanced) deflection of the Carpathian oil and gas
province (Kotarba, 2009).

The Quaternary part of the geological section
is represented (from the top down) by the Miocene
molasse of the Vorotischenskaya suite, often saline,
criss crossed by ozokerite veins. Below is a flysch —a
varied rhythmic alternation of sandstones, siltstones,
argillites from the Upper Cretaceous to the lower
Miocene (Stryi-Menilite suites). The Boryslav-
Pokutsk (Inner) zone of the Precarpathian Bend is a
complex of covers, chunks, and scales piled one upon
another in a north-easterly direction. The zone from
the southwest borders the Skybavy Carpathians, and
in the north-east it borders Sambirskaya, and then
further it borders the Bilche-Volytsky (External) bend
zone. And further east-north-east extends the East
European plain.

Oil and gas is associated with several horizons
of the Menilite suite (Oligocene-lower Miocene)
and middle Eocene. In the immediate vicinity to
Starunia, there are several oil and gas condensate
fields - Gvizdetsk, South-Gvizdetsk, Vysotsky,
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Monastyrchanske, Pnivske, Pasichniansk, Biitkov-
Babchinsk. To the south-east of Starunia there is
another deposit of ozokerite — Dzvinske, and further
to the north — the Starunia deposit of natural salts.

The Quaternary part of the geological section
has been studied only in recent years, after well
drilling and core research (Fig.1) (Kotarba, 2009;
Sokolowski T. & Stachowicz-Rybka, 2009). The
geological section (Fig.2) was made by the author,
according to the results of drilling, using space images
and aerial photography from a drone.

The south-western part of the study area is the
slope of the watershed, covered with Eolian-deluvial,
so-called covered with loess-like loams and clay of
pale-brown, yellow-grey and brown colour edp, 0%
The zones contain numerous lenses of sand, gravel,
rough debris of native rocks. There is a similar slope is
to the east. Between the slopes is the valley of the Veliki
Lukavets with II and I above- floodplain terraces, the
alluvium of which is blocked by deluvial-proluvial-
technogenic clay-salt deposits of mud-oil-salt streams
dptQ, and man-made debris-clay deposits of mining
waste dumps tQ (Fig.2).

Alluvium [T aQ " and I aQ* of the terraces are
represented by stream deposited pebbles, with gravel
and sand at the bottom of the sections, and the greater
part of the preposterior part are lake-marsh facies -
dark-grey, often bituminous, peaty namulas [hQ?
and /hQ . Under the terraces is the reburied, buried
ancient valley a/Q 'e. In the lower sections of the I
terrace the remains of four rhinos and one mammoth
were found.

The section of the quarter is finished with alluvial
gravel and pebbles, loam and silt of high aQ,’, middle
alQ, and lower aQ,’ of the floodplain terraces. The
youngest Holocene formations include deposits of a
mud volcano vQ,’ and oil emissions ptQ’ from wells
and «volcanoesy.

The age of the Quaternary deposits is determined
by radiocarbon dating of the mammals and molluscs,
paleocarpological and palynological (spore-pollen)
complexes and archaeological cultures.

Radiocarbon dating of the cores of the section
of the 16th wells and 2d outcrop showed that the
minimum age of the peat, peat mud, biogenic and
clay mud fluctuates within the preboreal, that is, the
late pleniglacial (28-13 thousand years ago). There
are more ancient dates (34-48 thousand yerars ago.),
which refer to the middle pleniglacial. The Holocene
deposits are dated from 230-325 to 4,505-5,490 and
11,110-11,430 years ago. T.T. Kis, K.Rosanski,
T. Gloslar, R. Stachowicz-Rybka (Kuc, T., Rozah-
ski K., Goslar T., Stachowicz — Rybka R., 2009),

216

who performed radiocarbon studies, believe that
the age given by Cl4 is «deformed», because the
samples are saturated with bitumen, oil and salt. It is
recommended to continue to search for unchanged
samples for radiocarbon dating.

Archaeological research. In 1976-1982, the
Carpathian archaeological expedition of the Institute
of Social Sciences (now the I. Krepiakevych Institute
of Ukrainian Studies, NASU) (Matskevyj L.G.,
2005) carried out comprehensive research in the
vicinity of the village Starunia. As a result, near
the paleontological location, 12 partially 2-3
spherical stands were discovered, in which at least
17 settlements of ancient man from the Paleolithic
to the Middle Ages were traced. Thus, for millennia
the territory was favourable for the settlement of our
ancestors who hunted large animals.

This reveals great possibilities in Starunia for
discovering the remains of people from the Cro-
Magnon Era to later epochs. Such finds can be found
both in settlements, and in deposits of ancient swamps.
Stationary excavations have been carried out only at
settlements of the Mesolithic and Neolithic periods in
an area of 1649 m’. More than 5 thousand artifacts
and faunal remains (Starunia and culture of Vorotsiv-
Starunia) have been found.

Itis advisable to conduct excavations according to
L.G. Matskevyj (Matskevyj, 2005), in the settlements
of Starunia IV and XI, located nearer to the findings
of woolly rhinoceros and mammoth.

Malacofauna, paleocarpological and palynolo-
gical complexes have shown that in the late
Pleistocene, Starunia is characterized by multiple
alternation of periods of cooling with tundra flora
and warming periods, which allowed us to offer a
comparison (correlation) of the stratigraphic schemes
of the upper Pleistocene of Starunia with similar
schemes in Western Europe and lowland Ukraine
(Table 1) .

On the basis of the obtained data, the author
carried out paleoclimatic reconstruction, which should
be characterized as from the post-Miocene age, the
period of formation of the valley of the Dniester River
and its tributaries , 1* order — the Bystrytsia River,
2" — the Bystrytsy Solotvynsky and 3¢ — the Veliki
Lukovets , in which Starunia is located.

Consequently, at the end of the Miocene, the
island of the Carpathian bend rose from the Thetis
Ocean and its continental development began. In
the Pliocene, the north-eastern macro-slope of the
Carpathians was dismembered by many parallel river
valleys, which carried from the mountains a coarse-
deep alluvium, forming along the mountain range
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Fig. 2. Cross section (profile) of the valley of Big Lukavets rive

numerous cones (inner delta) and the ancient valley
of the Dniester, located in the district of the present-
day village Loeva, about 30-40 km southwest of its
present position near the town of Galich.

The rise of the Carpathians gradually pushed
the Dniester east-north-ecast. Large- alluvium
deposits formed two ancient Late Pliocene terraced
plains - VII (Krasnaja) and VI (Loev). The climate
was subtropical, like the current Mediterranean,
as evidenced by the reddish-brown colour of the
sand-clay cement globular alluvium and overlying
clay. Their colour is due to the active migration of
hydroxides of iron.

In the early Pleistocene the V (Galician)
terrace of the Dniester was formed, in the middle
- IV (Mariyampol), and in the beginning of the
late - III (Yezupil) terraces. Then the history of
the Dniester continues with the Veliki Lukovets.
From the beginning, in the Eemian interglacial, the
redevelopment of its valley was 10-15 m deeper than
the modern channel (Fig. 2) under the influence of the
warm and humid climate and neotectonic activity.

The landscapes were of tundra type, with dwarf
birch (Betula nana), alder (Alnus), basket willow
(Salix viminalis), etc. The climate was harsh, and
corresponded to the Wiirm glaciations (59-13 thousand
years ago). Its maximum occurred 18-16 thousand
years ago, when the first above-floodplain terrace had
already begun to form. Perhaps it was particularly
at that time when herds of wooly rhinoceroses and
mammoths grazed in the valley of Starunia and the
Cro-Magnons who hunted them lived. During the
late pleniglacial and the late Weichselian glaciation
(Bolling-Allered-early Dryas), the first terrace
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continued to form. The valley of Lukovets Velyky
was rejuvenated, and new stream-bed facies appeared.
Tundra conditions changed to forest-steppe conditions.
Thus, it continued from 13.0 to 10.2 thousand years
ago, that is the early Holocene. T. Sokolowski and
R. Stachowicz-Rybka (Sokolowski T., Stachowicz-
Rybka R., 2009) write that in the valley, instead of
swamps, lakes appeared, which were often saline,
related to thermo-karst processes. On the shore slopes
of the Lukovets Velyky and the Rinne stream, shifts
often occur due to the impact of solifluction.

At the border of the late Weichselian and
Holocene, a division of the relief took place, but
the Lukovets Velyky had lower energy compared to
current epoch. Neotectonic movements and changes
in climate led to formation of three levels of floodplain
during the Holocene — high (Eo-Holocene), middle
(Meso-Holocene) and low (Late Holocene).
Conclusions. In the future, it is planned to perform
georadar sensing and other detailed geo-ecological
and exploratory works at Starunia - this is a
paleoclimatic benchmark survey for the development
of the nature of ancient geosystems, a bridge between
the stratigraphic schemes of the Quartet of Western
Europe and the lowland territory of Ukraine; this is
a globally unique paleontological location , famous
for its well preserved mummified carcasses of woolly
rhinos, this is the only active mud volcano in the
Carpathians and, finally, it is an extremely interesting
object of international tourism. The author has the
hope that there will be investors who will help save
for future generations the unique phenomenon of
Starunia.
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