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Aulacogens, the Donets Basin (eastern Ukraine, southwestern Russia),

and the new classification of rifts: towards a proper terminology

DMITRY A. RuBAN?

Abstract. Some intra-cratonic basins are traditionally called “aulacogens”. This term has persisted in the
geoscience literature since its invention by Soviet geologists in the mid-20th century before the triumph of the
plate tectonics, but its meaning has evolved. Attempts to change its meaning from descriptive to genetic have
led to a broad spectrum of opinions on the definition of aulacogens. Some specialists related them to conti-
nental rifts, while others have restricted aulacogens to the only particular rift systems or peculiar stages in the
evolution of young cratons. The Donets Basin is a typical aulacogen stretching across the southern margin of
the East European Craton. A brief review of present knowledge of this basin shows that its nature is rather
incompatible with the present understanding of aulacogens. Instead, the new classification of rifts offers a
more precise terminology for its exact characteristics. It is suggested that the term “aulacogen” should only
be restricted to those basins for which it has been applied historically.

Key words: aulacogen, continental rift, craton, tectonic terminology, Donets Basin.

ANCTpaKT. HeKn MHTPaKpaTOHCKM 6aceHn Ccy TpagMLMOHANHO HasuBaHW “aynakoreHn”. OBaj TEPMUH,
npvxeaheH y reosoLwLKoj NUTepaTypu, YBEN Cy COBJETCKU re0n03n CpefMHOM ABafeceTor Beka, npe Tpu-
jyMctha TeKTOHMKe nnoya. MyKylwaju ga ce N3MeHW HeroB reHeTCKM 3Havaj BoAWAM Cy A0 LUMPOKOT CreKTpa
MULLbEHA O JeUHULMjK aynakoreHa. Heku ayTopu [OBOAE ra y Be3y Ca KOHTUHEHTASHUM pU(TOBUMA,
Jpyru cy orpaHu4aBany aynakoreH Ha jefiaH eo puTHUX cucTeMa uan Ha ogpeheHe cTagujyme y eBonyLmjm
mnahux KpaToHa. [omeLKmn 6aceH je TUMMYaH aynakoreH Koju ce npyxa Ay jy>kHor 06o4a UCTO4HOeBpon-
CKOT KpaToHa. Kpatak npernef focajallibyx ca3Harba 0 0BOM HaceHy Mokasyjy fa Herosa npupoja Huije
ycarnalleHa ca focajalltbUm cxBaTakem aynakoreHa. Hosa knacudmkaumja pugptosa gaje npeuunsHujy tep-
MWHONOTWjy 3a Herose ofpeheHe kapakTepucTuke. MpeasioxkeHo je fa TePMUH “aynakoreH” oyne npuxsaheH
CamMo 3a OHe 6aceHe 3a Koje Cy U paHuje BUnu NPUMeHMBaHM.

Krby4He peun: aynakoreH, KOHTUHEHTa/IHU PUAT, KPaTOH, TEKTOHCKA TePMUHONOTMja, [LObeTCKM BaceH.

Introduction

The term “aulacogen” was coined by the famous
Russian geologist N.S. SHATsk13 and his followers in
the midst of the 20" century (KosyGIN & PARFIONOV
1970; PAaFrENGOL’TS 1978). It has since been used by
researchers outside the ex-USSR and Russia (e.g.,
Burke 1977; PERRY & PicoTT 1983; HAMES et al.
1998). Although the number of publications mention-
ing aulacogens has not decreased until now (Fig. 1),
the validity of this term has been questioned by some
specialists in tectonics. For instance, according to the

textbook by FriscH et al. (2011), “aulacogen” is a
failed term to be replaced by “graben structure”. It
should be also noted that many papers for internation-
al readership that employ this term have been written
by Russian and Chinese authors.

In this brief note, | attempt to discuss whether “aula-
cogen” is a proper term to use within the context of
modern tectonics. For this purpose, 1) its original and
present meanings are examined and compared, and 2)
the alternative usage of a new classification of rift struc-
tures (MEerLE 2011) to describe typical aulacogens (like
the Donets Basin in Eastern Europe) is considered.

1 Division of Mineralogy and Petrography, Geology and Geography Faculty, Southern Federal University, Zorge Street
40, Rostov-na-Donu, 344090, Russian Federation; address for postal communication: P.O. Box 7333, Rostov-na-Donu,
344056, Russian Federation. E-mails: ruban-d@mail.ru, ruban-d@rambler.ru
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Fig. 1. Changes in the number of papers available for the
international readership (based on a search of titles, ab-
stracts, and key words in the bibliographical database sco-
pus.com; accessed on April 9, 2012). The number of papers
is indicated by columns; 16 papers were published in 2011.

What does the term “aulacogen” mean?

The term “aulacogen” was introduced by the Soviet
geologist N.S. SHATsk1) in 1964 (KosYGIN & PAR-
FIONOV 1970; PAFFENGOL’TS 1978). It originally meant
nothing more than “a trench-like complex structure
between similar zones of the platform” (KosyGIN &
ParrioNOV 1970, p. 148). Soviet geologists also em-
phasized thick, often folded, sedimentary cover
(measured by thousands of meters) of aulacogens and
controls of major faults on these basins (KosyGIN &
ParrioNOV 1970; PAFFENGOL'TS 1978). Several types
of aulacogens were distinguished (e.g., KosYGIN
1969). KosyaIN (1969) pointed out that the original
meaning of the term had already changed a few years
after it was coined, and presented a broad spectrum
aulacogen definitions (see also KosyGIN & PARFjO-
Nov 1970; PArFreNGOL’'Ts 1978). Interestingly, forma-
tion of aulacogens has been often attributed to a par-
ticular stage in the evolution of cratons, when young
platforms experienced destructive deformations (Ko-
SYGIN 1969; Laz’ko 1975; Potapov, 1996). The East
European Craton (= Russian Platform), which has been
identified by Soviet geologists as an ideal object for
cratonic studies, exhibited the formation of several

aulacogens during the so-called Riphean (Meso- and
Neoproterozoic — see RuBan 2009 for more details),
when this craton began to evolve into a “stable” tecton-
ic block (LeTes et al. 1970; BELousov 1978; VALEEV
1978; Potarov 1996). This interpretation appeared so
obvious that even elementary textbooks in general
geology tended to relate the majority of aulacogens to
the late Proterozoic evolution of young cratons (e.g.,
KORONOVSKI & JAKUSHOVA 1991).

It is important to note that ideas about aulacogens
appeared before the wide acceptance of the plate tec-
tonics as a universal tectonic theory (this is especially
true for the Soviet geoscience community of
1960-70s). Aulacogens were treated in terms of fix-
ism (or, more properly, the geosyncline concept) dur-
ing the 1960s and the 1970s, when crucial information
about them was accumulated (KosyGIN & PARFIONOV
1970; ParreNGoOL’Ts 1978). When the theory of plate
tectonics became accepted and the attention of Soviet
geologists turned to extensional structures (MiLANOV-
ski3 1976), the term “aulacogen” started to become
related to “continental rift” and “graben”. However,
some specialists expressed caution about a mix of
these terms (BeLousov 1978). Moreover, it appears
that the original definition of aulacogens (see above)
does not require the formation of these structures
within continental rifts (sometimes, compressed and
folded after the main deposition phase), but also
allows also their formation via large-scale epeirogenic
deformation of cratons (often characterized in terms
of dynamic topography). Nevertheless, continental
rifting seems to be the most plausible explanation for
the majority of aulacogens. Decades after the first def-
inition of the term, the aulacogen stage in the evolu-
tion of young platforms was described in terms of
continental rift development and the onset of exten-
sion (e.g., NikisHIN et al. 1996). Thus, although the
discussed term was originally only descriptive, it has
“gained” a genetic sense as the tectonic knowledge of
the geoscience community advanced.

The body of Soviet/Russian literature on aulaco-
gens is huge, but what about the international publica-
tions? Below, | give some examples from books pub-
lished recently. Bocas (2006) provides several opin-
ions on the nature of aulacogens. He notes, for in-
stance, that these might have been failed rifts, later re-
activated under a compressional regime. Following
SENGOR (1995), he also mentions the possible role of
strike-slip displacements and tectonic block rotations
in the origin of these structures. Bogas (2006) also
emphasizes the thick sedimentary cover of aulacogens
and their occurrence at high angles relative to the con-
tinental margin. Does this mean that aulacogens can
occur only in the peripheral parts of cratons?! This
author also lists (as examples) aulacogens of a very
different age (including late Paleozoic and Cretaceous
structures). Reviewing knowledge of the intra-conti-
nental sedimentary basins, BAYER et al. (2008) note
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that aulacogens are old inverted stuck rifts. FRiscH et
al. (2011) reject the validity of the term “aulacogen”,
which, in their opinion, is a graben structure with
thick sedimentary cover. It should be noted that these
authors refer to a rather broad understanding of gra-
bens. In his recent monumental review, INGERSOLL
(2012) treats aulacogens as fossil rifts evolved as a
third arm in three-rift systems; according to this
author, aulacogens are continental rifts that did not
become oceans and were later compressed. Looking
at recent research papers published in international
journals (e.g., AITKEN & BETTs 2009; DickINsoON et al.
2010; TeIXEIRA et al. 2010; DuaN & DuaN 2011; JIN
et al. 2011), it is easy to realize that the term “aulaco-
gen” refers to basins related to continental extension
and/or supercontinental break-up, and many of these
basins are late Precambrian in age. It also appears (but
this is a mere impression) that the term “aulacogen” is
used historically for particular tectonic structures in
some (if not many) cases.

The authors of the non-Soviet/Russian publications
considered above tend to employ the term “aulacogen”
with certain differences, and they always do so within
the context of plate tectonics. This is far from the orig-
inal understanding of aulacogens in the Soviet geo-
science literature before the 1980s (see above), when
this term was used within the geosyncline conceptual
frame. Interestingly, none of the books or book chapters
mentioned above (BocGs 2006; BAYER et al. 2088;
FriscH et al. 2011; INGERsoLL 2012) refer to aulacogen
formation as a particular stage (often, late Precambrian)
in the evolution of cratons, which has been a “classic”
concept in the Soviet/Russian geoscience community.

The Donets Basin as aulacogen

The Donets Basin (s. lato) is an elongated tectonic
structure stretching across the southern part of the
East European Craton, on the territories of eastern
Ukraine and southwestern Russia (Fig. 2). It consists
of several segments, namely (from west to east) the
Pripyat Trough (Depression), the Dniepr—Donets Ba-
sin (Depression), the Donbass (also spelled Donbas)
Fold Belt (Donets Basin s. str.), and the Karpinsky
Swell (STepHENSON et al. 1996; MAYSTRENKO et al.
2003; RuBAN & Y0sHIOKA 2005). The Donets Basin is
a “classic” aulacogen (PAFFENGOL’TS 1978; PoTAaPOV
1996; STEPHENSON et al. 1996; NATAL’'IN & PENGOR
2005; BoagGs 2006), which was extended and sub-
sided to allow deposition of thick late Paleozoic sedi-
mentary deposits; then it was compressed with conse-
guent folding and faulting (see brief review and refer-
ences in RUBAN & YOSHIOKA 2006; SACHSENHOFER et
al. 2012). However, Soviet geologists interpreted the
same structure to be a geosyncline (see review in
LAa’zko 1975). Modern views on the nature of the
Donets Basin, which somewhat differ, are summariz-

ed by STepHENSON et al. (1996), MAYSTRENKO et al.
(2003), SaINTOT et al. (2003a,b), KosTIUTCHENKO et
al. (2004), NATAL'IN & SENGOR 2005; RuBaN & Yo-
SHIOKA (2005), RuaN (2007), MEewERs et al. (2010),
and SACHSENHOFER et al. (2012).

According to the most recent synthesis of the avail-
able knowledge (SAcHSENHOFER et al. 2012), the
opening of the Donets Basin occurred in the Late
Devonian when the pre-existing Sarmatian Craton
was divided into two parts, which are known today as
the Ukrainian and Voronezh massives (STEPHENSON et
al. 1996; RuBAaN & YosHIoKA 2005). We can not ex-
clude the possibility that emplacement of a mantle
plume could trigger, or at least contribute to, the ap-
pearance of this basin (WiLsoN & LYASHKEVICH 1996;
RAcki 1998; BRINK 2009; SACHSENHOFER et al. 2012).
The Donets basin, however, might have inherited
some older structures (e.g., Potapov 1996). Strong
post-rift subsidence occurred in the late Paleozoic,
and was followed by an inversion and uplift (SAck-
SENHOFER et al. 2012). The age of the compressional
event(s) is still debated, but it ranges from the Per-
mian to the Cretaceous (SAiNTOT et al., 2003b;
NATAL’IN & PENGOR 2005; RuBAN & YosHIOKA 2005;
see also brief review in SACHSENHOFER et al. 2012).
RuBAN & YosHIOKA (2005) and RuBaN (2007) dis-
cussed the evolution of the Donets Basin in a broader
context (similar views were also expressed independ-
ently by NATAL'IN & SENGOR (2005)). These authors
followed earlier ideas expressed by ARTHAUD & MAT-
TE (1977). According to these studies, the Donets Ba-
sin was formed as the result of strike-slip displace-
ments in the Variscan and adjacent structures. It is
possible that dextral displacements along the southern
margin of the East European Craton detached from
the Ukrainian block and opened the elongated basin
between this new terrane and the rest of the craton in
the late Paleozoic (Fig. 2). Changes in the direction of
displacements along the major shear zone located
along the southern margin of the East European
Craton in the early Mesozoic resulted in compression
of the thick sedimentary complexes that were accu-
mulated in the above-mentioned basin. This scenario
requires some refinement, but it relates the nature of
the Donets Basin to forces that are much larger in
scale than those responsible only for the evolution of
the East European Craton. The noted major shear zone
was an element of the global system of shear zones,
which stretched across Gondwana and the northern
Palaeo-Tethyan margin (Ruan 2007) (Fig. 2).

If the Donets Basin is an aulacogen, how does its
nature, characterized above, fit the various definitions
of aulacogen formation? If we take the only descrip-
tive meaning of the term “aulacogen” from the Soviet
literature of the mid-20th century (see above), there is
no difficulty in applying this term to the Donets Basin.
However, it is impossible to relate the term “aulaco-
gen” to the Riphean stage in the evolution of the
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Fig. 2. Geological outline of the Donets Basin. A, Schemat

basin extension

ic location of the Donets Basin and its main segments (adapted

and simplified from MAvsTRENKO et al. 2003 and RuBaN & YosHIOKA 2005). B, Generalized profile across the Donbass

Fold Belt (modified from MAvysTRENKO et al. 2003; SACH

SENHOFER et al. 2012). C, Late Paleozoic development of the

Donets Basin (after RuBaN & YosHIokA 2005; RuBaN 2007 with slight modifications; base plate tectonic reconstruction is

simplified from ScoTese 2004).

young East European Craton. If this basin inherited
any Precambrian lineaments (e.g., Potapov 1996),
then it was formed in the mid-Paleozoic, when the
craton was already “old”. Moreover, as said above,
the forces responsible for the formation of the Donets
Basin were different from those responsible for the
evolution of the craton. From various definitions of
aulacogens proposed in international publications,
that of INGERsOLL (2012) differs especially from what
occurred in the Donets Basin. In particular, there is no
any clear evidence that the Donets Basin evolved as
the third arm of a three-rift system.

Recently, a new classification of rift structures has
been proposed; plume-related, subduction-related,
mountain-related, and transform-related rifts are dis-
tinguished on the basis of the tectonic environments
that were present at their formation (MerLE 2011). Is
it possible to apply this classification to the Donets

Basin? Features of two types of rifts can be found in
the Donets Basin. First, we already suggested that the
emplacement of a mantle plume could facilitate or
even provoke the Donets rift formation in the Late
Devonian (WiLsoN & LyAasHkeviCH 1996; RAcki
1998; BrINK 2009; SACHSENHOFER et al. 2012), and
the activity of mantle plumes might have contributed
to the evolution of this rift at the later stages (ALEXAN-
DRE et al. 2004). If so, this plume-related rift (sensu
MEeRLE 2011) is to be compared with the East African
continental rifts (Corti 2009, 2012). Second, the Do-
nets Basin developed in the strike-slip environment
(NATAL’IN & SENGOR 2005; RUBAN & YOsHIOKA 2005;
RusaN 2007). In this case, it bears features typical of
transform-related rifts described by MerLE (2011). It
is important to note that judging the Donets Basin as
aulacogen does not clarify its nature. In contrast, the
application of the new classification of rift structures
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(MEeRrLE 2011) permits us to indicate the mechanism of
its formation exactly.

Discussion and conclusion

Undoubtedly, the geologic recognition of aulaco-
gens, and the intense study of these formations by
Soviet/Russian specialists, played a great role in deci-
phering the geologic history of cratons. Because of
this, 1 do not tend to judge the results of these studies
too critically, although when doing so it is important
to also consider the alternative understandings of the
term “aulacogen” (stressed already by KosyGIN
1969), and the fact that aulacogen development is not
necessarily associated with cratonic evolution (see
about the nature of the Donets Basin). A greater prob-
lem is the “diffuse” meaning of the term “aulacogen”
in the modern international geoscience literature.
This meaning differs somewhat from the original def-
inition, because it attempts to explain aulacogens ge-
netically in terms of the plate tectonics. Moreover, the
genetic treatment of aulacogens implies formational
explanations that are not relevant for all possible
aulacogens, including such typical aulacogens as the
Donets Basin. Instead, the new tectonic nomenclature
provides better causative descriptions of basins than
“simply” judging them to be aulacogens. For exam-
ple, the classification of rift structures proposed by
MEeRLE (2011) provides a proper tectonic terminology
from which we can infer the nature of the Donets
Basin formation (combined plume- and transform-
related).

Do the considerations presented above imply that
the term “aulacogen” is improper or failed, as has
been suggested by FriscH et al. (2011). In my opinion,
it is equally wrong to preserve one term that does not
fit the present needs as it is to abandon it, especially if
it remains relatively frequently used (Fig. 1). | pro-
pose the following solution to this dilemma: the term
“aulacogen” may still be used, but for only those tec-
tonic structures and sedimentary basins that were
already judged aulacogens, e.g., the Donets Basin, the
Pachelma Trough, and the WWatka Aulacogen of the
East European Craton (KosyGIN 1969; Bocacs 2006).
For these, “aulacogen” is the historically correct term.
Moreover, the original Soviet meaning of the “aulaco-
gen” is merely descriptive, which simplifies the
preservation of the regional use of this term. Simi-
larly, such terms “flysch” and “molasse” are used for
particular sedimentary packages in the sedimentolog-
ical, stratigraphic, and tectonic literature. As for other
or future tectonic investigations, the term “aulacogen”
should be avoided. The new classifications, such as
those proposed by MeRLE (2011), provide us with a
proper tectonic terminology.
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Pe3nme

AynakoreHu, [loweLKu baceH SI/ICTOLIHa
YKpajuHa, jyrosanagHa Pycunja), n HoBa
Knacutprkaluja putosa: npeMa
NcnNpaBHOj TEPMUHOMOTUJU

TepMuH “aynakoreH” je yBeo No3HaTu PYCcKW reo-
nor H.C. LLlaTcknj cpeanHoM faBageceTor Beka. Of,
Taja je oBaj TEPMUH NpuxBaheH of CTpaHe NCTPaXKn-
Baya BaH rpaHuua éuslier CCCP n Pycuje. MehyTum,
ornpasfaHOCT 0BOI TEPMUHA OCMOpaBasiv Cy HEKUN TeK-
TOHWYapu. AyTop MOKyLUaBa fa OLroBOpu Ja /n je
“aynakoreH” nofecaH TEPMUH 3a ynoTpedy Y KOHTe-
KCTY MOAEepHe TEKTOHMKe. Y TOM Lu/by: 1) Heroso
OpPWUrMHANIHO, Ka0 W Cajallie 3Hayewe, Cy WUCMUTU-
BaHW 1 ynopehuneaHu, 1 2) pasmatpaHa je anTepHaTu-
BHa yrnotpeba HoBe Knacugukauunje puTHUX CTPYK-
Typa fa onuile TUMWYHe aynakoreHe (kao [oreuku
6aceH y uctouHoj EBponun). CoBjeTCKM reonosn cy
fethmHUCANN TEPMUH  “aynakoreH” Kao W3AyXeHy
WHTPaKPaTOHCKY CTPYKTYpPY, YecTo 3anykeHy Habpa-
HUM febenMm cegvMeHTUMa. 3aHMM/BMBO je fa ce
(hopMuparse aynakoreHa 4ecTto npunucyje ogpeheHom
CTagnjymy y eBonyUmMjn KpaToHa, rae cy mnahe nnat-
(hopme MoOABPrHyTe pasopHMM gedopmaupmjama. IMo-
KyLuaju fja ce NMPOMEHY 0BO 3HayeHe, 0f, OMUCHOr 0
FeHeTCKOr, JOBE/IO je [0 LLUMPOKOT CMeKTpa MULLberba
y fedmHucary aynakoreHa. Hekun uctpaxmsadu fo-
BOZE UX Y Be3y ca KOHTUHEHTa/IHUM PUTOBUMA UIN
poBOBMMa. AyTOpW HEKMX CaBPEMEHMX HeCcoBjeT-
CKMX/pyCKUX Ny6unKaumja Harumwy ynotpebu tepmu-
Ha “aynakoreH” ca U3BeCHMM pas/inkama, y KOHTEKCTY
TEKTOHUKe nJova.

Hu jefHa Krbura nam nak nornae/be Kbure, Koju cy
KopuLheHn 0BOM NPUAKKOM, He ynyhyjy Ha To fa 61
aynakoreH rnpefcTas/bao NocebHy hasy (4ecTo KacHU
npekam6pumjym) y eBoNyLMju KpaToHa, LUTO je MHade
61N0 KNacUYHO TyMadere Mely COBjEeTCKUM/PYCKUM
reosioavma. Hacynpot Tome, ako nornieiamo caBspeme-
He pazioBe Ny6smMKoBaHe y MeflyHapoAHUM Yaconucu-
Ma Buaehemo fa ce TeEPMUH “aynakoreH” ofHoOCK Ha
6aceHe Be3aHe 3a KOHTUHEHTa/IHa MPOLYXKera U/nimn
CYNepKOHTUHEHTAaIHA M34M3arba, U MHOTU 0f OBUX
6aceHa Cy KacHe MpeKaMbpmjcke CTapoCTy.

LOHETCKN 6aceH y LUMPEM CMUCAY je jedaHa m3-
[y>KeHa TEKTOHCKA CTPYKTypa Koja Ce Mnpyxa [LyX
JY>KHOT [ief1a ICTOYHO eBPONCKOT KpaToHa, Ha TepuTo-
puju ncTouHe YKpajuHe u jyroszanagHe Pycuje.
Wpyhu of 3anasa ka UCTOKY CacToju Ce Of, HEKOSIMKO
penosa: Mpunjat Tpor (genpecuja), AHenpo-aoeT-
CKM 6aceH (genpecuja), JoH6acKM pasnoMHKM nojac,
Koju cy “KnacuyHn” aynakoreHn. AKo je Tako, Kako ce
Heroea npupoga, NOMeHyTa rope, nogygapa ca pa-
3MNMUNTUM  AedMHMLMjama opMuparba aynakoreHa?
AKO Yy3MEMO CaM0 OMUCHO 3Hayere TepMUHa “ayna-
KOreH” U3 COBjeTCKe fimTepaType CpeayHOM ABajece-
TOr BeKa, Hema rnoTeLLkoha y NpMMeHn 0BOr TepMUHa
3a [oweTcKn b6aceH. MahyTum, Hemoryhe je foBecTu
TEePMUH “aynakoreH” y Besy ca Pudejckum ctagujy-
MOM Yy eBoNyuujn mnaher MCTOHOEBPOMNCKOr KpaToHa.
AKO je oBaj baceH MMao Heke Mnpekambpujcke OcCo-
OvHe, Taga je OH hopMUpaH Yy CpeareM Naneo3onKy,
Kafa je KpaToH Beh 61o opmupaH. LLTa BuLle, cune
OAroBOpHe 3a (hopMupare [oreTcKor 6aceHa cy pa-
3NMYNUTE Of, OHUX KOje Cy Y4eCTBOBasie Yy €BONyLMjU
KpaToHa. BaXHO je HamoMeHyTu fa Tymaderwem [o-
HETCKOI 6aceHa Kao aynakoreHa He objallbaBa U He-
roBO nopekno. NpmumeHa HOBe Knacugukauuje pugT-
HUX CTPYKTypa [03B0/baBa HaM [a NpeLmn3Ho yKaxe-
MO Ha MexaHu3am Herosor hopmupara. Y [oreLu-
KOM 6aceHy MOry Ce YOUMTW KapakTepucTuke [Ba
T1na pugTosa. MpBo, MON0XKaj NIyMe U3 OMOTaya Mo-
rao je fa onakla Uy 4Yak fa npoyspokyje dopmu-
pate [OHETCKOr pufra y KacHOM [AEBOHY. Y TOM
CNyyajy, OBM Mayme pugpToBM MOTy Ce Kopenucatu ca
NCTOYHOA(PUUYKUM KOHTUHEHTaIHUM PUPTOBUMA.
[pyro, [oweTckn 6aceH ce pasBuja0 y pasoOMHO]
CpeauHuW. Y TOM Cny4dajy OH MMa 0COBMHE TUMUYHe 3a
TpaHchopmHe pudToBE.

AyTop npegnaxe crnefehe peliewe 0BOr MuTarba:
TEPMUH “aynakoreH” MOXe ce jow ynoTp6/baBaTy,
a/In caMo 3a OHe TEKTOHCKe CTPYKTYpe U ceuMeHTa-
LMoHe GaceHe Koje ce Beh cmarpajy aynakoreHum,
HMp. JoweTckn baceH, Mevenma Tpor, BujaTka ayna-
KOreH MCTOYHOEBPOMCKOI KpaToHa, 3a. hUX je “ayna-
KOreH” mcnpasaH TEPMUH.

TepMUHM Kao “tnnw” u “monace” cy y ynotpeéu
3a nojefuHe CefUMeHTHEe nakeTe Yy CeAUMEHTO-
NOLKOj, CTPaTUrpadiCkoj M TEKTOHCKOj NUTEpaTyTw.
3a bygyha TeKTOHCKa UCNUTMBarba Tpeba n3berasaru
TepMUH “aynakoreH”. Hoe Knacmgukaumje KpynHmnx
TEKTOHCKMX CTPYKTypa ynyhyjy Hac Ha ogrosapajyhy
TEKTOHCKY TEPMUHONOT WY .

B.P.
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The subsurface geology along the route of the new bridge
at Ada Ciganlija Island (Belgrade, Serbia)

SLoBODAN KNEZEVIC!, LiurkO RUNDIC! & MERI GANIC!

Abstract. The largest single-pylon, cable-stayed bridge in the world was opened in Belgrade on January 1,
2012 and it passes over the tip of the Ada Ciganlija Island. Its monumentality, architectural design and con-
struction innovations became a new symbol of Belgrade. Core samples from the boreholes drilled for the con-
struction of the bridge revealed a relatively complex subsurface geological structure. An Upper
Cretaceous—Paleogene flysch formation and Middle Miocene Sarmatian sediments were found near the sur-
face on the right bank of the Sava River. However, at the tip of Ada Ciganlija, the Upper Cretaceous-
Palaeogene flysch strata were found below several different Miocene and Quaternary units. In the deepest
borehole DB-6, the flysch deposits were found at a depth of 80 meters. On the left bank of the Sava River in
New Belgrade, only Upper Miocene Pannonian marls and Pleistocene and Holocene alluvial deposits were
drilled. Based on a comparative analysis of the borehole sections and structural characteristics of the rocks, it
could be concluded that the Pre-Quaternary units cascade subsided along sub-parallel faults towards N-NW.

Key words: Subsurface geology, blocks subsidence, Upper Cretaceous, Miocene, Quaternary, Belgrade.

AnNcTpakT. Hajsehn MOCT Ha CBeTY ca jeaAHMM HocehrM NnNOHOM OTBOPEH je y Beorpaay 1. jaHyapa 2012.,
a nponasuv Npeko LWwnuua octpea Age LinraHnuje. Herosa MOHYMEHTa/IHOCT, apPXUMTEKTOHCKO PeLLeHe 1 rpa-
f)eBMHCKe MHOBaLMje NoCTaIM Cy HOBU cuMmbos Beorpaga. AHanm3npaHu y3opLum jesrpa OyLLoTrHa U3BeLeHNX
3a NoTpebe M3rpake MOCTa, yKasanm cy Ha jefHy penaTvBHO KOMIMJIEKCHY MOAMOBPLUMHCKY CTPYKTypy. Ha
[ecHoj o6anun peke CaBe, rophOKPeAHO-MANEoreHn qnLL 1 CPesHOMUOLIEHCKN CapMaTCKX CeAUMEHTU CY
OTKpPVIBEHW 6113y NOBPLUMHE TepeHa. MehyTum, Ha wnuuy Age LinraHnuvje, ytepheHo je ga gaviiHe Hacnare
NeXke UCMNOL HEKOMMKO PasIMUuMTUX MUOLIEHCKUX U KBapTapHUX jeauHuua. Y Hajay6sboj 6ywotuHn DB-6,
(INLLHK CefMMEHTM CY OTKpUBEHUW Ha Ay6uHK of 80 meTapa. Ha neoj obanu peke Case, y HoBom beorpagy,
HabyLUEHN Cy CaMO FOPHOMMUOLIEHCKM MaHOHCKM armopuy U MIEMCTOLEHCKE U XOMOLEHCKE anyBujasiHe
Hacnare. Ha ocHOBY yrnopeaHe aHanm3e npoguna OyLwoTrHa 1 CTPYKTYPHUX KapaKTEPUCTVKA CTEHa, MOXe Ce
3aK/by4nTn fa Cy Mpe-KBapTapHe jeguHuue Mo cucTeMy cybnapanesHux pacefa KackagHO ChyLUTeHe Yy
npasyy C-C3.

KrbyuHe peun: MoAnoBpLUMHCKA reoniorija, TEKTOHCKO CMyLLITakb€, FopHba Kpea, MUOLIEH, KBapTap, Beorpaf.

Introduction

A new concrete-steel bridge over the Ada Ciganlija
Island directly connects roads in Cukarica, on the right
bank of the Sava River, and roads in New Belgrade, on
the left bank of the river. It represents a part of the
future Inner City Semi-Ring Road. Its total length is
996 meters and the width is exactly 45.06 m. The
bridge is based on a large 200 m-high pylon that is
located at the tip of the Ada Ciganlija Island. The dis-

tance between pylon and the left bank of the Sava
River (main span) is 376 m, while the distance be-
tween the pylon and the supporting pillar on the right
bank of Sava River is 250 m (see Plate 1). Exploration
boreholes were drilled for the construction of a pylon
at the tip of Ada Ciganlija and the pillars on the right
and left bank of the Sava River (Fig. 1). On the right
bank, in Cukarica near the famous restaurant
“Stenjka”, the boreholes DB-9 and DB-10-were
drilled. Next to the pylon at the Ada Ciganlija tip, near

1 Department of Historical and Dynamic Geology, Faculty of Mining and Geology, University of Belgrade, Kamenicka
6, 11000 Belgrade, Serbia. E-mails: slobodan.knezevic@rgf.bg.ac.rs; rundic@rgf.bg.ac.rs; merig@rgf.bg.ac.rs
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Fig. 1. The projected position of the new bridge over the Ada Ciganlija Island (Belgrade) and the locations of the investi-

gated boreholes (Google Earth, 2011).

Table 1. Geographic position of the investigated boreholes
(WGS84).

No. | Boreholes Coordinates (WGS84)
1. DB-4 N 44° 47 54.37" | E 20°25'30.44"
2. DB-5 N 44°47' 53.84" | E20°25'32.53"
3. DB-6 N 44°47'42.08" | E20°26'02.23"
4. DB-7 N 44°47'41.74" | E 20°25' 34.10"
S. DB-8 N 44°47 41.84" | E20°25' 35.87"
6. DB-9 N 44°47 34.32" | E20°25'36.39"
7. DB-10 N 44°47'34.73” | E 20°25' 36.65”

the rowing club “Partizan”, the boreholes DB-6, DB-
7 and DB-8 were drilled. The borehole DB-5 was
drilled on the left bank of the Sava River, in the court-
yard of Gemax Co., above the riverbank. The bore-
hole DB-4 was drilled further away from the river-
bank along the bridge route (Fig. 1, Table 1). The
alignment of the bridge has a direction of NNW-SSE,
and like other bridges on the Sava River in Belgrade,
connects two geographic regions: the Balkan Penin-
sula and the Pannonian Plain.

Geological structure of this area has been interpreted
based on the cores from the exploration boreholes.
Results obtained in this study are valuable for under-
standing the geological evolution of Belgrade city area
and geodynamic processes that occurred during the

Neogene and Quaternary on the border between two
realms: the Pannonian Plain and the Balkan Peninsula.

Material and methods

Samples were obtained from seven boreholes in the
study area (Fig. 1, Table 1). Preliminary core analyses
were realised in the field. Detailed stratigraphic and pa-
leontological analyses of seventeen core samples were
performed at the Faculty of Mining and Geology, Uni-
versity of Belgrade using classical methods of rock
preparation (cleaning, washing and thin-sections).

Stratigraphy

The results obtained from the core samples re-
vealed very interesting geological information con-
cerning the subsurface terrain along the route of the
new bridge. Upper Cretaceous—Paleogene flysch de-
posits represent the oldest unit, which make the base-
ment rock for the overlying Miocene and Quaternary
sediments.

Upper Cretaceous — Paleogene
The basement rocks of the terrain along the Sava

River near the new bridge consist of beds with the so-
called Ostruznica flysch. These beds comprise grey
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(inm)

Fig. 2. The stratigraphic column and the core samples from
the borehole DB-9. Key: K-Pg, Upper Cretaceous—Paleo-
gene; Sm, Middle Miocene Sarmatian; Pn, Upper Mio-
cene Pannonian; Q, Pleistocene, Q,, Holocene.

and greyish-brown sandstones (micro-conglomerates
occasionally) and clay interbeds. The youngest flysch
formation in the vicinity of Belgrade is already known
from the numerous wells in New Belgrade (near the
Heating Station) and the Sava—Danube confluence
(next to the Museum of Applied Arts and the famous
shopping mall “Us¢e”). The same formation was found
at a small depth on the right bank of the Sava River
(below 20 m, at Prince Marko Street No. 2 — KNEZEVIC
& GaNIC 2005). Therein, based on the presence of
nannoplankton species, the Upper Cretaceous age was
confirmed. According to AnpELKoVIC (1987), the fly-
sch was formed at the end of the Upper Cretaceous and
Early Paleogene.

The Ostruznica flysch strata were found on the
right bank of the Sava River at Cukarica, as well as on
the tip of Ada Ciganlija. On the right bank, the flysch
strata were found in the boreholes DB-9 (from a depth
of 22.3 m to its bottom at approximately 42 m — Fig.
2) and DB-10 (from 19 to 65 m). Thus, these layers
were found in two out of three boreholes situated next
to the pylon. In the deepest borehole DB-6, the flysch
deposits were found from a depth of 80 m to its bot-

(inm)

badad
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Fig. 3. The stratigraphic column and the core samples from
the borehole DB-6. For the key, see Fig. 2.

tom at approximately 90 m (Fig. 3). In the second
pylon borehole, which is only 20 m away from the
above-mentioned boreholes, the Ostruznica flysch
layers were found at a much smaller depth (less than
60 m).

Miocene

Miocene sediments were found in all wells along
the route of the new bridge (Figs. 4-6). Stratigraphi-
cally, they correspond to the Middle Miocene Sar-
matian and Upper Miocene Pannonian Stage (see LA-
SKAREV et al. 1932; Stevanovi¢ 1977; KNEZEVIC &
SUMAR 1993).

The Middle Miocene Sarmatian brackish-marine
sediments lie uncomformably and transgressively
over the mentioned flysch strata. They were discov-
ered in the boreholes on the right bank of the Sava
River at Cukarica and at the tip of Ada Ciganlija close
to the position of the pylon. The older parts of the
Sarmatian sediments consist of coarse-grained rocks,
such as basal conglomerates and breccias. At the tip of
the island, in the borehole DB-6, such deposits were
discovered in the interval between 65 and 80 m depth,
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or between -7 m and +8 m altitude, with a total thick-
ness of about 15 m (Figs. 3, 6). Moving toward the
right bank of the Sava River, the horizon of clastites
becomes thinner, until it reaches a total thickness of
0.5 m (between 22.3 and 21.7 m depth) in the bore-
hole DB-9 (Fig. 6). Organogenic limestones are wide-
ly distributed and form the younger and thicker part of
the Sarmatian sediments. Sometimes (i.e., borehole
DB-6 at a depth of 54.30-59.60 m), they are porous
with molds and imprints of fossil gastropods
(Pirenella picta, P. disjuncta, Gibbula sp., Hydrobia
sp.) and bivalves (Mactra vitaliana, Cerastoderma
vindobonense, C. latisulcum, Irus gregarius etc.).
These fossils indicate the presence of the
Lower/Middle Sarmatian boundary — the Mactra beds.
Sarmatian limestones were found in all boreholes in
Cukarica and at the tip of the island (Figs. 2, 3, 6).
Their greatest thickness of about 24 m was found in
the borehole DB-6, at the location of the pylon (Fig.
6). Hydrogeologically, the Sarmatian limestone unit is
permeable rock and can represent an extremely good
aquifer of groundwater, particularly in the tectonical-
ly folded terrain of the island and on the left bank of
the Sava River (Runpi¢ et al. 2005). On the right
bank, similar carbonates were identified in the bore-
hole DB-9 at a depth between 21.7 and 11.7 m (about
52-62 m above s.l.). On the other hand, within the
boreholes located in the island, the Sarmatian lime-
stones were found at much lower elevations, between
7 and 32 m altitude.

Upper Miocene Pannonian brackish (“caspibrack-
ish”) sediments have been found in the boreholes at the
tip of the island of Ada Ciganlija and on the left bank of
the Sava River in New Belgrade (Figs. 3-6). They were
deposited over the Sarmatian limestones and make the
basis for the Quaternary alluvial deposits. Lithologi-
cally, these sediments consist of grey marls and marly
clays. On the island, near the location of the pylon,
these sediments are located at an altitude between 30
and 53 m. Stratigraphically, they correspond to the
lower part of the Pannonian (Slavonian Substage). Its
lower and upper boundaries may vary slightly (the Plei-
stocene at the top and Sarmatian in the base). One or
two interbeds with marly limestone up to 15 cm thick
lay within these marls close to the Sarmatian lime-
stones (i.e., in the borehole DB-7 at a depth of 44 m). A
rare molluscs fauna, mainly bivalves (Paradacna
cekusi, Limnocardium praeponticum), and small gas-
tropods (Gyraulus cf. praeponticus, Radix cf croatica)
was found. On the left bank of the Sava River in New
Belgrade, similar sediments were found in the borehole
DB-5, which is located above the riverbank, and in the
borehole DB-4. In the borehole DB-5, Pannonian sedi-
ments were found from a depth of 29.5 m to its bottom
at approximately 65 m (Fig. 4). In the borehole DB-4,
the Pannonian deposits were found at a depth of 27.8
m. In contrast to the mentioned boreholes at the pylon,
the layers with Upper Pannonian greyish marly clay
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Fig. 4. The stratigraphic column and the core samples from
the borehole DB-5. For the key, see Fig. 2.

with rare fossil remains, such as Congeria banatica,
Paradacna cf. syrmiense, Gyraulus praeponticus, etc.,
were found (depth between 35.30-35.80 m)

Quaternary

Quaternary deposits are widely spread throughout
the study area (Figs. 2—7). The dominant alluvial sedi-
ments can be divided into two distinct geological units
based on superposition: 1) Pleistocene, polycyclic flu-
vial sediments and 2) Holocene, modern alluvial de-
posits of the Sava River and its tributaries.

Pleistocene - Polycyclic fluvial sediments

The older formation of alluvial deposits includes
old, polycyclic river sediments, known from previous
literature as “Maki$ strata” or beds with “Corbicula
fluminalis” (LAskAREV 1938). This formation consists
mainly of sandy-gravel sediments deposited in the
Early Pleistocene. It was formed during the stage of
active tectonic movements, in the alternating phases
of subsidence of the Sava River valley and rapid dep-
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osition of alluvial sediments. Within the lithological
succession, there are alternations of riverbed sedi-
ments (gravel, gravelly sands and sands), floodplain
sediments and oxbow-lake sediments (alevrites, and
clays). Along with recent mollusc species, these sedi-
ments also contain fossil forms (Corbicula cor, C. flu-
minalis, Viviparus boeckhi). These beds occur in the
Ada Ciganlija Island and on the left bank of the Sava
River in New Belgrade. They contain large groundwa-
ter aquifers, which are exploited through wells for the
water supply of Belgrade.
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Fig. 5. Comparative stratigraphic sections of the boreholes at the tip of Ada Ciganlija.

For the key, see Fig. 2.

Based on studies of the three boreholes at the tip of
the Ada Ciganlija Island, it was determined that the
thickness of the Pleistocene polycyclic fluvial sedi-
ments varies. In the borehole DB-7, the sediments
reach a thickness of about 10 m, while in the other two
boreholes, their thickness decreases to about 7 m (Fig.
5). On the left bank of the Sava River in New Belgra-
de, these sediments are thicker and their lower bound-
ary is at a significantly lower depth comparing to
those at the tip of the island. In the borehole DB-5
drilled above the left bank of the Sava River (Figs. 4,
6), they mark a lithological boundary to the Pannoni-

an marls at a depth of 29.5 m (the whole thickness of
the Pleistocene is about 13 m). In the borehole DB-4,
situated about 150 meters away from the bank, this
boundary is shallower and was identified at a depth of
27.8 m.

Holocene - modern alluvial sediments

The entire surface of the study area has been form-
ed by recent alluvial sediments from the Sava River
and its tributaries. The sediments are deposited discor-

dantly over the Pleistocene
alluvial deposits because the
younger layers from the Plei-
stocene were previously erod-
ed. On the right bank of the
Sava River, at Cukarica, the
recent alluvial sediments were
deposited over the Sarmatian
Q. limestones. According to the
superposition, as well as the ge-
94%0090.23 Q nesis of these deposits, the re-

SN cent alluvial sediments can be
= divided into riverbed sedi-
ments (sands, gravelly sand)
and floodplain sediments (grey-
-yellow and brown alevrites,
alevritic sands and sandy
clays). Occasionally, there are
oxbow-lake sediments and
wetland deposits (greyish-
dark clay and clayey alevrites
rich in organic matter), especi-
ally in areas distant from the
riverbank in New Belgrade.
On the right bank of the Sava
River at Cukarica, in both of
the mentioned borehole, only
floodplain sediments are pre-
sented that lie uncomformably
over Sarmatian limestones.

An interesting observation
was noticed at the borehole
DB-4 in New Belgrade: the ap-
pearance of alternating repla-
cements of riverbed sediments
of the Sava River and its left tributary, called the Ga-
lovica Stream, both in the vertical and horizontal direc-
tion. Here, the former Sava riverbed sediments and
small migrated riverbed sediments of its tributary are
crossed. The Sava riverbed sediments comprise
coarse-grained material, mostly quartz-micaceous
sand, fine-grained gravel made of chert fragments,
quartz and other rocks. The riverbed sediments of the
Galovica Stream, which come from areas of the Srem
Loess Plateau, contain many fine-grained alevrites with
the cross-stratification tracks. Today, the Galovica
Stream is displaced into the Galovica channel, and its
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mouth is located far upstream of the Sava River.
However, the core of the mentioned borehole showed
that the former riverbed sediments of the Galovica
Stream in its natural confluence with the Sava River
are preserved below the surface, under the route of the
new bridge in New Belgrade. In addition, recent allu-
vial sediments from the Sava River are deposited, on
the island Ada Ciganlija, forming an elongated river
bar (lenticular sands, fine-grained sands and alevrites
with distinct cross-stratification).

Holocene - anthropogenic or technogenic sediments

Anthropogenic deposits are present over a large
surface area along the route of the bridge. These sed-
iments consist of excavated sands, various dams, con-
struction waste and other materials. Excavated sands
are the most widespread, reaching a thickness of 5
meters on the left bank of the Sava River, in New
Belgrade.

Discussion and interpretation

The basement rock consists of Upper Cretaceous—
—Paleogene deposits (the Ostruznica flysch). The
overlying rocks comprise Miocene sediments of the

(inm)
New Belgrade
80 DB-5
70 —

60 —|

Ada Ciganlija
DB-6

50 — gq-d S 8
40 -

30

20

10

i

[N
IR NIRRT &

[N
RO

1

Pn

T1.7
N \\‘\\\\\\\\\ RARRK

NN

e

[

IARAR
\\\\\ IR
\
\\

\

-10

-20 -

Fig. 6. Comparative stratigraphic sections of the boreholes along the route of the new

bridge. For the key, see Fig. 2.

Sarmatian and Pannonian Stage. Different Quaternary
alluvial sediments represent the youngest deposits.
This structural pattern is previously known from some
other parts of the Belgrade City area (KNEZEVIC et al.
1998; NENADIC et al. 2009; RunpIC et al. 2011). Based
on the samples from the boreholes along the route of
the bridge (Figs. 6, 7), it was confirmed that the base-
ment rocks and Miocene sediments subsided stepwise
from the right bank of the Sava River to the left bank
in the N—-NW direction. This is consistent with previ-
ous studies in the area of the Sava—Danube confluence
where a similar tectonic setting was observed (KNE-
ZevIC & GANIC 2008, RunpIC et al. 2011). On the
right bank of Sava River in Cukarica, the Upper Cre-
taceous—Paleogene flysch deposits and Sarmatian se-
diments are located much shallower. No other rocks,
except recent thin deposits occur on the surface. At the
location of the bridge pylon, the same rocks are found
at a much greater depth, which means that the bound-
ary between the Ostruznica flysch and Sarmatian
clastites is about 57 m lower than at Cukarica (Figs. 2,
3, 5). At the tip of the Ada Ciganlija Island and along
the bank of the Sava River in New Belgrade, Pan-
nonian strata and Pleistocene polycyclic fluvial sedi-
ments are present. On the left bank of the Sava River,
the bore-holes reached Pannonian sediments and Plei-
stocene fluvial sediments of greater thickness. This
indicates that the older strati-
graphic units lie deep under
the surface. This is consistent
with other data from the area
near the Sava—Danube conflu-
ence, where the Middle Mio-
cene Badenian rocks have a
higher vertical displacement
and lie more than 70 m below
the surface (Runbi¢ et al.
2011). However, a more de-
tailed analysis of the structural
elements is necessary for a
precise determination of the
major faults and the structural
features of the area.

Finally, it can be concluded
that there are fault structures
that run sub-parallel to the Sa-
va River, which split all pre-
Quaternary rock units into
blocks. During the Mio-Plio-
cene, these blocks were differ-
entially displaced along the
faults and subsided from the
right bank of the Sava River to
the flat terrain of the Panno-
nian Plain on the left.

In terms of geomorphology,
a part of the terrain along the
route of the new bridge is

Cukarica
DB-9




The subsurface geology along the route of the new bridge at Ada Ciganlija Island (Belgrade, Serbia) 15

located in the border area between the Pannonian
Plain and the foothills of the Balkan Peninsula.
Additionally, from a morphostructural point of view,
it represents the boundary between the Pannonian
Basin and the Peri-Pannonian realm (MARrovi¢ et al.
2007). According to the neotectonic subdivision of the
Belgrade City area, along the central part of the north-
ern Sumadija there is a large structure called the
Avala-OreSac Composite Structure in the NNW-SSE
direction (MaRrovi¢ et al. 2007). This structure sepa-
rates the Velika Morava Graben to the east from the
Kolubara—Tamnava Graben to the west (MARoVIC &
KNEZEVIC 1985, 1987). Consequently, several minor
sub-blocks were generated, such as the complex Ava-
la—Koviona Horst (MArovic et al. 2007). The core of
the horst consists of the Palaeozoic-Mesozoic rocks of
the Vardar Zone that make the so-called Sumadija
Beam (STevanovi¢c 1980). During the Early Middle
Miocene, the horst was uplifted and positioned as an
isolated island in the Paratethys Sea, known as “the
Avala land” (EREMIIA 1989). Later, during the Middle—
—Late Miocene, under the influence of tectonic move-
ments, it was broken into tectonic blocks with local
grabens within it and the sediments of the Paratethys
Sea as well as of the Lake Pannon were deposited.
Along the route of the new bridge, the oldest for-
mation consists of Upper Cretaceous—Paleogene
deposits (the Ostruznica flysch). It is a part of the
northern margin of the Mesozoic core of the Avala-
Koviona Horst. Herein, the deposits of the Sarmatian
and Pannonian stage (Late Middle and Early Late
Miocene) are the products of sedimentation in local
trenches and former bays. Comparing the Miocene
sediments along the banks of the Sava River, it could
be concluded that near the new bridge, there are no
widespread Badenian deposits downstream close to
the Sava—Danube confluence (KNEZEVIC & SUMAR
1994, KNEZEVIC & GANIC 2005, 2008; GANIC et al.

(in m)

100, New Belgrade
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2011; RunDpI¢ et al. 2011). This means that here the
process of the formation of coves and bays around the
former Avala Land commenced later than at the men-
tioned confluence. In addition, some differences in the
facial characteristics and distribution of Sarmatian
sediments were also noticed. Near the Sava—Danube
confluence and the Kalemegdan Fortress, these sedi-
ments are often absent. The thickness and lithology of
these layers vary at different places. It is likely that
Sarmatian sediments are spread everywhere along the
route of the new bridge. Among them, younger strata
represented by organogenic limestones are dominant.
It seems that similar depositional conditions upstream
and downstream of the Sava River were established
during the Pannonian when the marly sediments were
deposited almost everywhere.

The presence of faults and differential movement of
the blocks separated by the faults along the bank at the
Sava—Danube confluence was observed previously
(KNEZEVIC & GANIC 2005, 2008; GANIC et al. 2011;
Runpic¢ et al. 2011). Then, it was noticed that the ter-
rains on the right bank of the Sava River are relative-
ly elevated in comparison to the plain terrain on the
left bank. By studying the subsurface geological set-
ting in the new bridge area, it was found that here at
least two faults occur along which subsidence of
blocks was determined (Fig. 7). One fault is present in
the small estuary of the Sava River between Ada
Ciganlija Island and Cukarica. The entire rock units at
the tip of Ada Ciganlija (at the position of a bridge
pylon) have subsided with respect to the right bank of
the Sava River. On the Cukarica block, the younger
Pannonian sediments are eroded, while they are pres-
ent at the tip of Ada Ciganlija. Sarmatian sediments
and the flysch strata are deeply subsided with respect
to the Cukarica block. On the left bank of the Sava
River, at a relatively greater depth (below the absolute
elevation of 0 meters), all the boreholes were realised
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Fig. 7. A simplified geological cross-section along the route of the new bridge. Key: K-Pg, Upper Cretaceous-Paleogene;
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in the Pannonian marls. This means that the older
rocks are even deeper compared to Ada Ciganlija
(Figs. 6, 7). Based on this, the presence of a second
fault under the large estuary of the Sava River between
the left bank and Ada Ciganlija Island can be assumed.
These structural configurations were created under the
influence of the neotectonic movements during the
Pliocene and Early Quaternary. Exogenous processes
later transformed the initial relief and the whole terrain
along the route of the new bridge was levelled by a
long-living deposition of alluvial sediment.

In the Sava River valley, there are two previously
known geological formations of alluvial sediments
(LAskARev 1938; KNEzevi¢ et al. 1998; NENADIC
2001; NenADIC et al. 2009). The older formation of
the Lower Pleistocene polycyclic fluvial sediments is
distributed in the Ada Ciganlija Island and the bank of
New Belgrade, but not on the right bank of the Sava
River. This formation was deposited in the initial
phase of the formation of the Sava River valley, which
was characterized by cyclic processes of tectonic sub-
sidence of the terrain and alluvial sedimentation. At
the tip of Ada Ciganlija, the old polycyclic fluvial sed-
iments have a lower depth than on the terrain
upstream on the same island and on the left bank of
the Sava River (Fig. 7). The lower boundary to the
Pannonian strata is at 18-19 m, versus the usual
25-26 m. The older horizons are missing, which could
suggest that at a later stage of a fluvial process, part of
the terrain entered the river bed.

Recent fluvial processes have led to major erosion
of younger horizons of the old polycyclic fluvial sed-
iments and creation of new alluvial sediments of the
Sava River and its tributaries. Clastites from the
Pleistocene polycyclic fluvial sediments were eroded
and redeposited in the current riverbeds. On the left
bank of the Sava River, along the route of the new
bridge, the presence of the previous flow of the Ga-
lovica Stream was found. It is a left tributary of the
Sava River that migrated during time. Its water flow
comes from the Srem Loess Plateau and inflowed the
river to the right of the studied area.

Conclusions

Belgrade’s Ada Bridge that passes over the tip of
the island of Ada Ciganlija has become one of the new
symbols of Belgrade. It is the longest single-pylon,
cable-stayed bridge in the world.

Data obtained from seven boreholes are presented
for the first time herein.

The geological setting of the subsurface of the ter-
rain was reconstructed based on lithological succes-
sions, stratigraphic sections and the basic structural
elements. The following geologic units were found:
Upper Cretaceous—Paleogene flysch formation (the
Ostruznica flysch), Middle Miocene Sarmatian and

Upper Miocene Pannonian sediments, different allu-
vial sediments of Quaternary age as well as modern
anthropogenic sediments.

On the right bank of the Sava River, the older geo-
logical units were observed in the upper part of the
sections. On the other hand, they had much greater
depth at the location of the bridge pylon.

Pannonian marls have a different depth on the
island Ada Ciganlija and on the left bank of the Sava
River, where they reach up to 60 m in depth.

Among the Quaternary alluvial deposits, there are
two different geological formations. The older one, pre-
sented by Pleistocene polycyclic sediments includes
mostly gravels and sands. This one was never detected
at the surface. However, it represents the major ground-
water aquifer for the water supply of Belgrade. The
younger one consists of Holocene modern alluvial sedi-
ments that have a wide distribution over the whole area.

The appearance of alternating replacements of
riverbed sediments of the Sava River and its left trib-
utary, named the Galovica Stream, was noticed.

There are faults that run sub-parallel to the Sava
River and divide all the pre-Quaternary rock units into
blocks. These blocks separated by faults are differen-
tially displaced. They subsided stepwise from the
right bank of the Sava River to the flat terrain of the
Pannonian Plain.
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Pe3nme

MoanoBpLUMHCKA reosioruja TepeHa gyx
Tpace HOBOI MocTa Ha Aan LiraHnmju
(beorpag, Cpbuja)

Hajsehy 6eTOHCKO-Y4eNMYHM MOCT Ha CBETY ca je-
[AHUM HOocehuM MUIOHOM OTBOPEH je y Beorpagy 1.
jaHyapa 2012, a nponasu Npeko wnuua octpea Aze
LimraHnnje. HeroBa MOHYMEHTa/IHOCT U aPXUTEKTOH-
CKO peLlere NocTann cy HoBM cumbon bBeorpaja.
HoBM MOCT AMPEKTHO MOBe3yje TPaHCMNOPTHE MyTeBe
Ha Yykapuum n Hosom beorpagy v npeactas/ba €0
Oyayher yHyTpallter MarucTpasHor nosynpcreHa
Koju he 3Ha4yajHO pacTepeTuTn caobpahajHe ry>kse y
beorpagsy. YkynHa gyxuHa mocta je 996 meTapa, a
lmprHa 45.06 m. MocT je 3acHOBaH Ha Befimkom, 200
M BMCOKOM MW/IOHY KOjW Ce Haa3n Ha LLInuLy ocTpBa
Ape Liurannuje (hotorpacdmje Ha Tabnum 1).

AHanusvpaHn cy ysopuy jesrpa u3 cefam 6yLuo-
TuHa (DB-4, DB-5, DB-6, DB-7, DB-8, DB-9, DB-10)
13BeAEHNX TOKOM M3rpafte MocTa. Tu pesynTaru cy
yKasa/iv Ha NnocTojarbe jeHe pPenaTvBHO KOMM/IEKCHe
MOAMNOBPLUMHCKE CTPYKTYpe. O6aB/beHNM UCTPaXKK-
BarbMMa, YTBPHEHO je fAa cy Y AYOMHCKO] reonoLLKoj
rpahy TepeHa 3acTyn/beHe cnefehe reonoLlke jean-
HuLE: opMaLimja OCTPY>KHUYKOT (hnLLa ropHOoKpea-
HO-nasieoreHe CTapocTy, MUOLIEHCKW CeAMMEHTI cap-
mara W NaHoHa, alyBMja/iHN CeAVMEHTUN KBapTapa U
CaBpeMeHV aHTPOMOreH HaHOCK.

Ha fgecHoj obann peke Case, yTBphEHN Cy FOpHO0-
KpefLHO-nasieoreHy GanwHN ceMMEHTU Ha Masoj ay-
6VHKM (22 M), ogmax UCMoA TaHKMUX CPeaHOMUOLIEH-
CKMX CapMaTCKMX CefjuMeHarTa WU CaBpeMeHUX KBap-
TapHWUX Hacnara. Ha cpeguHn mocTa, Ha wnuuy Age
LinraHnuje, ytBpheHa je gpyradvja cutyaymja. Tamo
je Npeko (mwa y CyKUEecuj HeKOIMKO PasinumnTiX
MUOLLEHCKMX 1 KBapTapHUX jearHuUUa, a Hacnare oc-
TPY>XHUYKOT (hnLLa Cy KOHCTATOBaHe Ha pasnnyunTum
ay6vHama (y Hajay6/b0j 6yLIOTUHM DB-6, Ha oko 80
m). Ha neBoj o6ann peke Case, y HoBom beorpaay,
jowl BuLe Cy MOTOHyNe cTapuje opmaumje n Haby-
LLIEHW Cy CamO ropHOMUOLIEHCKN MAaHOHCKM Nnanopum
1 NJIENCTOLLEHCKE N XONOLEHCKe anyBujasiHe Hacnare.
Y ogHocy Ha wnuy Afe LiuraHnuje, naHOHCKK na-
nopum cy cnywiTeHW Ha MHoro Behy ay6uHy (go 60
MmeTapa).

MNenCTOLEHCKN MONULMKINYHI PEYHY CEAVMEHTI
(T3B. MakuLKM CnojeBn) Koju NpeacTaBrbajy Haj-
BaXKHWNjW BOAEHWN akBuUep Ha nogpydjy Hosor Beo-
rpaga, HWr4e HWUCY KOHCTaTOBaHW Ha MOBPLUMHK
TepeHa Jy>X Tpace MOCTa, MaZia Ha LUMpem npocTopy
nUMajy BENIMKO pacnpocTpamere. Mnahy dopmaumjy
KBapTapHUX a/lyBUja/IHUX Hacnara npeacTaB/ba Ca-



18 SLOBODAN KNEZEVIC, LiUPKO RUNDIC & MERI GANIC

BPEMEHV anyBujaiHU HaHOC peke CaBe W HeHNX Npu-
TOKa, YMjy Cy CeAMMEHTN PacrpoCTpakbeHn Ha Lenoj
Tpacu npoyyaBaHOr TepeHa. HbMX YmMHe CeanuMeHTM
KOpuTa, NOBOAHA, NOBPEMEHO CTapada U MpPTBaja, a Ha
ocTpey Aan LiraHnmju n ceaMmeHTV peyHor npyga.

3HauajHO je pacnpocTparere Ha NOBPLUNHK Tepe-
Ha Pa3NMuMTMX TUNOBA TEXHOFEHWX Hacnara mehy
KOjuma ce WUCTUYY HaHOCK petynMpaHor necka Ha
HOBOGeOrpafcKoj obanu.

CrpaturpadckoMm Kopenauujom npodmna npoyde-
HMX OYLLIOTMHA YOUYeHO je Aa CTapuje reosnollke je-

AVHWLE KacKagHO TOHY uayhu of AecHe Ka NeBoj
obanm Case. Moxe ce MpPeTNOCTaBUTM MPUCYCTBO
pacefia Koju cy npekeapTapHe TBOPEBVHE pPas3buin Ha
6nokoBse. Paceanmva pasfBojeHn 6/10K0BM Cy ANGepeH-
UMjalHO KpeTaHW No TWMy rpaBUTaLMOHMX pacefa.
[MaBHW pacefHV NpaBuUM WAy cybnapanenHo ca Ko-
putom peke CaBe. TEKTOHCKM MOKPETU KOju Cy [fO-
BEe/M A0 ChyliTawa /AenoBa TepeHa Ha /1eBoj 0banu
CaBe, 06aB/beHM Cy TOKOM MNJMOLEHa W CTapwjer
KBapTapa (HMp. y BpeMe Ta/loKeha LOH0MNNeNCTOLEH-
CKMX NOMUUMKINYHNX PEYHUX CeAMMEHATA).

PLaTE 1

Figs. 1-5. Different construction stages and the views of the bridge during its building.

Fig. 6.
2012 (a view from New Belgrade).

The largest single-pylon, cable-stayed bridge in the world was opened in Belgrade on January 1,
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